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ORGANIC CHEMISTRY

IN IT8 AFPLICATION TO

VEGETABLE PHYSIOLOGY AND AGRICULTURE.

Tuz object of Chemistry is to examine
into the composition of the numerous modifi-
cations of matter which oceur in the organic
and inorganic kingdoms of nature, and to
investigate the laws by which the combina-
tion and decomposition of their parts is
effected.

Although material substances assume a
vast variety of forms, yet chemists have not
been able to detect more than fifty-five
bodies which are simple, or contain only
one kind of matter, and from these all other
substances are produced. They are con-
sidered simple only because it has not been
proved that they consist of two or more
parts. The greater number of the elements
oceur in the inorganic kingdom. Four only
are found in organic matter.

But it is evident that this limit to their
number must render it more difficult to as-
certain the precise circumstances under
which their union is effected, and the laws
which regulate their combinations, Hence
chemists have only lately turned their at-
téntion 1o the study of the nature of bodies
generated by organized beings. A few
years have, however, suffi to throw
much light upon this interesting d
ment of science, and numerous facts have
been discovered which cannot fail to be
of importance in their practical applica-
tions. :

_ The peculiar object of organic chemistry
is to discover the chemical conditions essen-
tial to the life ant:hl:leﬁect development of
animals and v es, and generally to in-
vestigate all those processes of organic
nature which are due to the operation of
chemical laws. Now, the continued exist-
ence of all living beings is dependent on the
reception by them o%:a certain substances,
which are applied to the nutrition of their
frame. An Inquiry, therefore, into the con-
ditions on which the life and growth of
living beings depend, involves the study of
those substances which serve them as nutri-
ment, as well as the investigation of the
sources whence these sﬂuhhnees are derived,

and the ch which they undergo in the
process of assimilation.

A beautiful connection subsists bhetween
the organic and inorganic kingdoms of na-
ture. Inorganic matter affords food to
plants, and they, on the other hand, yield
the means of subsistence to animals. The
conditions necessary for animal and veget-
able nutrition are essentially different. An
animal requires for its development, and for
the sustenance of its vital funections, a cer.
tain class of substaneces which can only be
FEHEmlEd by organic beings possessed of
ife. Although many animals are entirely
carnivorous, yet their primary nutriment
must be derived from plants; for the animals
uiun which they subsist receive their nour-
ishment from vegetable matter. But plants
find new nutritive material only in inorganie
substances. Hence one great end of veget-
able life is to generate matter adapted for
the nutrition of animals out of inorganie
substances, which are not fitted for this pur-
pose. Now the purport of this work is, to
elueidate the chemical processes engaged in
the nutrition of ables.

The first part of it will be devoted to the
examination of the matters which supply
the nutriment of plants, and of the changes
which these matters undergo in the livi
organism. The ehemical compounds whie
afford to plants their principal constituents,
viz., earbon and nitrogen, will here come
under consideration, as well as the relations
in which the vital functions of vegetables
stand to those of the animal economy and to
other phenomena of nature.

The second part of the work will treat of
the chemical processes which effect the
complete destruction of plants and animals
after death, such as the peculiar modes of
decomposition, usually described as fermen-
tation, putrefaction, and decay; and in this
part the changes which organic substances
undergo in their conversion into inorganie
compounds, as well as the causes which
determine these changes, will become matter
of inquiry. S



PART L

OF THE CHEMICAL PEDEESEEE IN THE NUTRITION OF VEGETAB

CHAPTER L

OF THE CONSTITUENT ELEMENTS OF PLANTS.

TrEe ultimate constituents of plants are
those which form organic matter in general,
namely, Carbon, Hydrogen, Nitrogen, and
Oxygen. These elements are always pre-
sent n plants, and produce by their union
the various proximate principles of which
they consist. It is, therefore, necessary to
be acquainted with their individual eharac-
ters, for it is only by a correct appreciation
of these that we are enabled to explain the
functions which they perform in the veget-
able organization.

Carbon is an elementary substance, en-
dowed with a considerable range of affinity.
With oxygen it unites in two proportions,
forming the gaseous compounds known
under the names of carbonic acid and ear-
bonic oxide. The former of these is emit-
ted in immense quantities from many vol-
canoes and mineral springs, and is a produet
of the combustion and decay of organic
matter. It is subject to be decomposed by
various agencies, and its elements then ar-
range themselves into new combinations.
Carbon is familiarly known as charcoal, but
in this state it is mixed with several earthy
bodies ; in a state of absolute purity it con-
stitutes the diamond.

Hydrogen is a very important constituent
of vegetable matter. It possesses a special
affinity for oxygen, with which it unites and
forms water. The whole of the phenomena
of decay depend upon the exercise of this
affinity, and many of the processes engaged
in the nutrition of plants originate in the
attempt lo gratify it. Hydrogen, when in
the state of a gas, is very combustible, and
the lightest body known; but it is never
found in nature in an isolated condition.
Water is the most common combination in
which it is presented; and it may be re-
moved by various processes from the oxygen,
with which it is united in this body.

Nitrogen is quite opposed in its chemical
characters to the two bodies now deseribed.
Its principal characteristic is an indifference
to all other substances, and an apparent re-
luctance to enter into combination with
them. When forced by peculiar circum-
staneces to do g0, it seems o remain in the
combination by a vis inerfie; and very
slight forces effeet the disunion of these
feeble compounds.

Yet nitrogen is an invariable constituent
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of plants, and during their life is subject to
thepmnlr-;-l of the \EFIJ powers. But when
the mysterious principle of life has ceased
to exercise its influence, this element re-
sumes ils chemical character, and materiall
assists in promoting the decay of vegeta
matter, by escaping from the compounds of
which it formed a constituent.

Oxygen, the only remaining constituent
of organic matter, is a gaseous element,
which plays a most important part in the
economy of nature. It is the agent em-
ployed in Eﬂ'e-ctilﬁ_ the union and disunion
of a vast number of compounds. It is su
rior to all other elements in the extensive
range of its affinities. The phenomena of
combustion and decay are examples of the
exercise of its power.

Oxygen is the most generally diffused
element on the surface of the earth; for,
besides constituting the principal part of the
atmosphere which surrounds it, it is a com-

onent of almost all the earths and minerals
found on its surface. In an isolated state it
13 a gaseous body, possessed of peither taste
nor smell, Tt is slightly soluble in water,
and hence is usvally found dissolved in rain
and snow, as well as in the water of running
streams.

Such are the principal characters of the
elements which constitute organic matter;
but it remains for us to consider in what
form they are united in plants.

. The substances which constitute the prin-
cipal mass of every vegetable are com-
pounds of carbon with oxygen and hydro-

in the proper relative proportions for
lorming water. Woody fibre, starch, sugar,
and gum, for example, are such compounds
of carbon with the elements of water. In
another class of substances containing car-

_as an element, oxygen and hydrogen are
again present ; but the proportion of oxygen
Is greater than would be required for produe-
ing water by union with the hydrogen. The
numerous organic acids met with in plants
belong, with few exceptions, to this cll;aa.

A third class of vegetable compounds
contains earbon and hydrogen, but no oxy-
gen, or less of that element than would
required to convert all the h drogen into
water. These may be arded as com-
pounds of carbon with the elemenis of
waler, and an excess of hydrogen. Such
are the volatile and fixed oils, wax, and he
resins. Many of them have acid characters,

The juices of all vegetables contain or.
ganic acids, gencrally combined milh the




THE ATMOSPHERE.—SOILS.

inorganic bases, or metallic oxides; for these
metalic oxides exist in every plant, and may
be detected in its ashes after incineration.
is an element of veg
men and gluten ; 0

acid, and of what are termed the  indiffer-
es? of plants, as well as of
sculiar vegetable compounds which
ossess all the properties of metallic oxides,

nd are known as * organic bases.”
Estimated by its proportional weight, ni-
trogen forms only a very small part of plants;
but it is never entirely absent from any part
of them. Even when it does not absolutely
enter into the composition of a particular
gart or organ, it is always to be found in the

uids which pervade it

It follows from the facts thus far detailed,
that the development of a plant requires
the presence, first, of substances containing
carbon and nitrogen, and capable of yield-
ing these elements to the growing organism;
secondly, of water and its elements; and
lastly, of a soil to furnish the inorganic
matters which are likewise essential to ve-

getable life.

OF THE COMPOSITION OF THE ATMOSPHERE.

In the normal state of growth plants can
only derive their nourishment from the
atmosphere and the soil. Hence it is of
importance to be acquainted with the com-
position of these, in order that we may be
enabled to judge from which of their con-
stituents the nourishment is afforded.

The composition of the atmosphere has
been examined by many chemists with great
care, and the result of their researches have
shown, that its principal constituents are
always present in the same proportion.
These are the two gases, uxﬂlgen and nitro-

n, the general properties of which have

n already described. One hundred parts,

by weight, of atmospheric air contain 231
parts u%ux gen, and 76-0 parts of nitrogen;
or 100 volumes of air contain nearly 21
volumes of oxygen gas. From the exten-
sive range of affinity which this gas pos-
sesses, it is obvious, that were it alone to
constitute our atmosphere, and left un-
checked to exert its powerful effects, all na-
ture would be one scene of universal destruc-
tion. Itis on this account that nitrogen is
present in the air in so large proportion. Itis
peculiarly adapted for this purpose, as it does
not possess any disposition o unite with oxy-
gen, and exerts no action u%nn the processes
proceeding on the earth. These two gases
are intimately mixed, by virtue of a pro-

riy which all gasses possess in common,
of diffusing themselves equally through
every part of another gas, with which they
are placed in contact. _

Although oxygen and nitrogen form the
principal constituents of the atmosphere,
yet they are not the only substances found

it atery vapour and carbonic acid
materially modify its properties. The for-

| it meets in its pa

n

falls upon the earth as rain,
it any soluble matter which
through the air.

Carbonic aeid gas is discharged in im-
mense quantities from the active volcanoes
of America, and from many of the mineral
springs which abound in various parts of

urope; it is also generated during the
combustion and decay of organic matter.
It is not, therefore, surprising that it should
have been detecied in every part of the
atmosphere in which its presence has been
looked for. Saussure found it even in the
air on the summit of Mont Blane, which is
covered with perpetual snow, and where it
could not be produced by the immediate
agency of vegetable matter. Carbonic acid
gas performs a most important part in the
process of vegetable nutrition, the considera-
tion of which belongs to another part of the
work. )

Carbonic acid, water, and ammonia (a
compound of h}rﬂro%:en and nitrogen) are
the final products of the decay of animal and
vegetable matter. In an isolated condition,
they usvally exist in the gaseous form.
Hence, on their formation, they must escape
into the atmosphere. Butammonia has not
hitherto heen enumerated among the con-
stituents of the air, although, according 1w
our view, it can never be absent. The rea-
son of this is, that it exists in extremely mi-
nute quantity in the amount of air usually
subjected to experiment in chemical analy-
sis; it has consequently escaped detection.
But rain which falls through a large extent
of air, carries down in solution all that re-
mains in suspension in it. Now ammonia
always exists in rainwater, and from this
fact we must conclude thatitis invariably
present in the atmosphere. Nor can we be
surprised at its presence when we consider
that many volcanoes now in activity emit
large quantities of it. This subject will,
however, be discussed more {ully in another
part of the work. i

Such are the principal constituents of the
atmosphere {rom which plants derive their
nourishment ; for although other matters are
supposed to exist in it in minute quanuty,
vet they do not exercise any influence on
vegetation, nor has even their presence been
sausfactorily demonstrated.

0OF S0ILS.

A soil may be considered a magazine of
inorganic matters, which are prepared by
the plant to suit the purposes destined for
them in its nutrition. The composition and
uses of such substances cannot, however,
be studied with advantage, until we have
considered the manner in which the organic
matter is obtained by plants.

Some virgin soils, sach as those of Ame-
rica, contain vegetable matter in large pro-
portion ; and as these have been found emi-
nently adapted for the cultivation of most
plants, the organic matter contained in them













 OXYGEN AND CARBON. 15
carbon for fruit or grain, and for grass or | i i

trees, are different.

_ Itis not denied that manure exer
influence upon the
but it may be affirmed wi
tainty, that it neithe
ﬁ.ﬂn Dr lh-ﬂ 4l )
upon it, |

as any inHuence
s find that Emntit_jr
- ced by manured lands is
ot greater than that yielded by lands which
- are not manured. Tiedimuaa:innum the
manner in which manure acts has nothing
to do with the present guestion, which is,
the origin of the carbon. The carbon must
be derived from other sources; and as the
soil does mot yield it, it can only be ex-
tracted from the amm “y :

In attempting to explai origin o
carbon in Em, it has never bel:ﬁ COni-
sidered that the question is intimately con-
nected with that of the origin of humus. It
is universally admitted that humas arises
from the decay of plants. No primitive
humus, re, can have existed—for
plants must have preceded the humus,

Now, whence did the first vegetables de-
rive their carbon? and in what form is the
carbon contained in the atmosphere ?

These two yuestions involve the conside-
ration of two most remarkable natural phe-
nomena, which by their reciprocal and un-
imterrupted influence maintain the life of the
individual animals and vegetables, and the
continued existence of both kingdoms of or-

ic nature.

One of these questions is connected with
the invariable condition of the air with re-
spect to oxygen. One hundred volumes of
air have been found, at every period and in
every climate, to contain 21 volumes of
oxygen, with such small deviations that they
must be ascribed to errors of observation.

Although the absolute quantity of oxygen
contained in the atmosphere appears very
great when represented by numbers, yet it
15 not inexhaustible. One man consumes
by respiration 25 cubie feet of oxygen in
é hours; 10 cwt of charcoal consume
32,066 cubic feet of oxygen during its com-
bustion; and a small town, like Giessen,

with about 7000 inhabitants) extracts ?em:]y
rom the air, by the wood employed as fuel,
more than 551 millions of cubic feet of this

When we consider facts such as these,
our former statement, that the quantity of
ox in the atmosphere does not diminish
in the course of ages*—that the air at the

resent day, for example, does not contain

s oxygen than that found in jars buried

* If the atmosphere possessed, in its whole ex-
tent, the same density as it does on the surface
of the sea, it would have a height of 24,555
Parisian feet ; but it contains the vapouor of water,
go that we may assume its height to be one geo-
graphical mile =22,843 Parisian feet. Now the
radius of the earth is equal 1o B60 geographical
miles; hence the

| S0me source exists
, L abstracted is replaced.
How does it ha , then, that the propor-
tion of ax1ygen in the atmosphere is thus
invariable

The answer to this question depends upon
another ; namely, what becomes of the car-
bonic acid, which is produced during the
respiration of animals, and by the process
of combustion? A cubic foot of oxygen
gas, by uniting with carbon so as to form
carbonic acid, does not change its volume.
The billions of cubic feet of oxygen ex-
tracted from the atmosphere, produce the
same number of billions of cubic feet of
carbonic acid, which immediately supply its
place.

The most exact and most recent experi-
ments of De Saussure, made in every sea-
son for a space of three years, have shown,
that the air contains on an average 0-000415
of its own volume of carbonic acid gas; so
that, allowing for the inaccuracies of the
experiments, which must diminish the
quantity obtained, the proportion of carbonic
acid in the atmosphere may be regarded as
nearly equal to 1-1000 part of its weight.
The quantity varies according to the sea
sons; but the yearly average remains con-
tinually the same. .

We have no reason to believe that this
proportion was less in past ages ; and never-
theless, the immense masses of carbonic
acid which annually flow into the aimos-
Elmra from so many causes, ought percepti-

ly to increase its quantity from year to
year. But we find that all earlier observers
describe its volume as {rom one-half 1o ten
times greater than that which it has at the
present time ; so that we can hence at most
conclude that it has diminished.

It is quite evident that the quantities of
carbonie acid and oxygen in the atmosphere,
which remain unehanﬁwd by lapse of time,
must stand in some fixed relation to one
another; a cause must exist which prevents
the ncrease of carbonic acid by removing
that which is constantly forming ; and there

Volume of atmosphere =9,307,500 cubic miles.
=cuhe of 2104 miles.
= 1,954,578 cubic miles.
=cuhe of 125 miles.
Vol. of carbonic acid =32,862°7 cubic miles.
=cube of 157 miles.

The maximum of the carbonic acid contained
in the atmosphere has not here been adopied, but
the mean, which is equal to (/0004 15.

A man daly consumes 45,000 cobic inches
(Parisian.) A man yearly congsumes 95052 cubic
feet. 100 million men yearly consume 9,503,
200,000,000 eubic feel.

Hence a thousand million men yearly consume
079745 eubic miles of oxygen. DBut the air is
rendered incapable of supporting the process of

Volume of oxygen

| respiration, when the quantity of its oxygen is

decreased 12 per cent. ; so that a thousand million
men would make the air unfit for respiration in a
million years. The consumption of oxygen by
animals, and by the prodess of combustion, is not
introduced into the caleulation.

quide







ASSIMILATION OF CARBON.

tion which is much under the truth in the
case of woods, meadows, and i
and if we farther suppose that

- Butitis I:'mnneimble, that the funections
of the organs of a plant can cease for any
one moment during its life. The roots and
other parts of it, which possess the same
power, absorb constantly water and carbonic
acid. This er 1s independent of solar
light. During the day, when the plants are
in the shade, and during the night, earbonie
acid is aceumulated in all parts of their
structure ; and the assimilation of the carbon
and the exhalation of oxygen commence
from the instant that the rays of the sun
strike them. As soon as a young plant
breaks through the surface of the ground,
it begins to acquire colour from the to
downwards ; and the true formation o
woody tissue commences at the same time.
The proper, constant, and inexhaustible
sources of oxygen gas are the tropics and
warm climates, where a sky, seldom cloud-
ed, permits the glowing rays of the sun to
shine upon an immeasurably luxuriant ve-
getation. The temperate and cold zones,
where artificial warmth must replace defi-
cient heat of the sun, produce, on the con-
trary, carbonic acid in superabundance,
which is expended in the nutrition of the
tropical plants. The same stream of air,
which moves by the revolution of the earth
from the equator to the poles, brings to us
in its pas from the equator, the oxygen
m“ﬁm, and carries away the car-
nic acid formed during our winter.
The experiments of De Saussure have

* The quantity of carbonic acid which can be ex-
tracted from the air in a given time, is shown by
the following calculation. During the whitewash-
ing of a small chamber, the superficies of the
walls and roof of which we will suppose to be 105
square metres, and which receives six coats of
lime in four days, carbonic acid is abstracted from
the air, and the fime is consequently converted,
on the surface, into a carbonate. It has been ac-
one square decimetre re-
ceives in this way, a coating of carbonate of lime
which weighs 0.732 grammes. Upon the 105
square metres already mentioned there must ac-
cordingly be formed 7686 grammes of carbonate
of lime. which contain 4325.6 grammes of carbo-
nic acid. 'The weight of one cubic decimetre of
earbonie acid being ealeulated at two grammes,
(more sccurately 1.97973,) the above mentioned
surface musi absorb in four days 2.163 cubic me-
tres of carbonic acid. 2500 square metres (one
‘Hessian acre) would absorb, under a similar trear-
ment, 514 cubic metres=1818 cubic feet of car-
bonic acid in four days. In 200 days it would ab-
sorb 2375 cuhic metres= 904,401 cubic feet, which
contain 11,353 Ibs. ufcagbulﬁ: acid, of which 3304
|ha. are earbon, a quanity three times as t nn
that whi::hﬂﬁnnimilnﬂﬂ by the leaves nﬁe:nnu

growing upon the same gmm.

eurately determined that

ir, | the quantity is gre

id than the lower,
with plants ; and that
ater by might than by day,
when it unde decomposition.

Plants thus improve the air by the remo-
val of carbonic acid, and by the renewal of
oxygen, which is immedmte].i: applied to
the uze of man and animals. The horizon-
tal currents of the atmosphere bring with
them as much as they carry away, and the
interchange of air between the upper and
lower strata, which their difference of tem-
perature causes, is extremely trifling when
compared with the horizontal movements
of the winds. Thus wvegetable culture
!::idghlens the healthy state of a country,

a previously healthy country would
rendered quite uninhabitable by the cessa-
tion of all cultivation.

The various layers of wood and mineral
coal, as well as peat, form the remains of a
primeval tion. The carbon which
they contain must have been originally in
the atmosphere as carbonic acid in which
form it was assimilated by the plants which
constitute these formations. It follows from
this, that the atmosphere must be richer in
oxygen at the present time than in former
periods of the earth’s history. The increase
must be exactly proportional to the quantity
of carbon and hyd contained in these
carboniferous deposits. Thus, during the
formation of 353 cubic feet of Newcastle
splint coal, the atmosphere must have re-
ceived 643 cubic feet of oxygen produced
from the carbonic acid assimilated, and also
158 cubic feet of the same gas resulting
from the decomposition of water. In for-
mer ages, therefore, the atmosphere must
have contained less oxygen, but a much
larger proportion of carbonic acid, than it
does at the present time, a circumstance
which accounts for the richness and luxuri-
ance of the earlier v ton. Sy

But a certain period must have arrived in
which the quantity of carbonic acid con-
tained in the air experienced neither increase
nor diminution in any appreeiable quantity.
For if it received an additional quantity to
its usual proportion, an increased vegetation
would be the natural eonsequence, and the
excess would thus be aFeedilf removed.
And, on the other hand, it thegaswaal
than the normal quantity, the progress
of vegetation would be retarded, and the
proportion would scon attain its proper
standard. naln §

The most important funection in the life
of plants, or, in other words, in their as-
similation of carbon, is the separation, we
migzht almost say the generation, of oxygen.
No matler can ge considered as nutritious,
or as necessary to the growth of plants,
which possesses a composition either simi-
lar to or identical with theirs, and the as-
similation of which, therefore, could take
place without exercising this function. The
reverse is the case in 2ti:ne nutrition of ani-

B
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starch, and gum, which ar hemsel:
ducts of plants, cannot be adopted
similation. And this is rende
the experiments of vegetable physiol 2
who have shown that aqueous solutions of
these bodies are imbibed by the roots of
plants, and carried to all Eans of their struc-
ture, but are not assimilated, they cannot,
therefore, be employed in their nutrition.
We could scarcely conceive a form more
convenient for assimilation than that of
gum, starch, and sugar, for they all contain
the elements of woody fibre, and nearly in
the same proportions,

In the second part of the work we shall
adduce satisfactory proofs that decayed
woody fibre (Auomus) contains carbon an
the elements of water, without an excess o
oxygen ; its composition differing from that
of woody fibre in its being richer in carbon.

Misled by this simplicity in its constitu-
tion, ph}'sir}%ﬂgisw found no difficulty in dis-
covering the mode of the formation of
woody fibre ; for they say,* humus has only
to enter into combination with water, in
order to effect the formation of woody fibre,
and other substances similarly eomposed,
such as sugar, starch, and gum. But the
forget that their own experiments have sul-
ficiently demonstrated the inaptitude of these
substances for assimilation. ;

All the erroneous opinions concerning the
modus operandi of humus have their origin
in the lalse notions entertained respecting
the most important vital functions of plants;
analogy, that fertile source of error, having,
unfortunately, led to the very unapt com-
parison of the vital functions of plants with
those of animals.

Substances, such as sugar, starch, &e.,
which contain carbon and the elements of
water, are products of the life of plants
which live only while they generate them.
The same may be said of hurus, for it can
be formed in plants like the former sub-
stances. Smithson, Jameson, and Thomson,
found that the black excretions of unhealthy
elms, oaks, and horse chesnuts, consisted of
humic acid in eombination with alkalies.
Berzelius detected similar products in the
bark of most trees. Now, can it be supposed
that the diseased organs of a plant possess
the power of generating the matter to which
its substance and vigour are ascribed ?

How does it happen, it may be asked, that
the absorption of carbon from the atmos-
phere by plants is doubted by all botanists
and vegetable physiologists, and that by the
greater number the purification of the air by
means of them is wholly denied ?

The action of plants on the air in the
absence of light, that is during night, has
been much misconceived by botamsts, and
from this we may trace most of the errors
which abound in the greater part of their
writings. The experiments of Ingenhouss

* Meyen, Pllanzenphysiologie, I1. 8. 141,
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d | vation the utmost ignorance of the
f | chemical relations of plants to the atmos-

were in a t degree the cause of this un-

certain inion regarding the influence
: qﬂ;?nrifying the mir. His obser-

tained that under such
really absorb ox;rien and wrbor
but that the whuh volume t'l:llfl.ﬂ air unde:
diminution at the same . From the
latter fact it follows, that the quantty of
oxygen absorbed is greater than the

vurume ﬂ?:,arhﬂniﬂ acid separated ; for, if
this were not the case, no diminution could
oecur. 'These facts eannot be doubted, but
the views based on them have been so .,
that nothing, except the total want of obser-

here, can account for their adoption.

. It is known that nitrogen, hyt_g'ogﬂl, and
a number of other gases, exercise a pecu-
liar, and in giznaml, an injurious influence
upon living plants. Is it, then, probable, that
oxygen, one of the most energetic agenis in
nature, sh::lrl :'1|a|:|:1t51u|13I 'ifu:lwuur:lil:rﬂuence on
plants when one of their processes
of assimilation has M ae}

It is true that the decomposition of car-
bonie acid 1s arrested by absence of light.
But then, namely, at night, a true chemacal
process commences, in consequence of the
action of the oxygen in the air, upon the
organic substances composing the leaves, I

blossoms, and fruit. This process is not at
all connected with the life of the ble
organism, because it goes on in a plant
exactly as in a living one.

The substances composing the leaves of
different plants being known, it is a matter
of the greatest ease and certainty to caleu-
late which of them, during life, should ab-
sorb most oxygen by chemical action when
the influence of light is withdrawn.

The leaves and green of all plants
containing volatile oils or volatile constitu-
ents in general, which change into resin
the absorption of oxygen, should abso
more than other parts which are free from
such substances. Those leaves, also, which
contain either the constituents of nutgalls,
or compounds in which nitrogen is present,
ought to absorb more oxygen than those
which do not contain such matters. The
correctness of these inferences has been dis-
tinctly proved by the observations of De
Saussure; for, while the tasteless leaves of
the Agave americana absorb only 0-3 of
their volume of oxygen in the dark, during
24 hours, the leaves of the Pinus Jbies,
which contain volatile and resinous oils,
absorb 10 times, those of the Quercus Robur
containing tannic acid 14 times, and the
balmy leaves of the alba 21 times
that quantity. This chemieal action is
shown very plainly also, in the leaves of
the Cotyledon inum, the Cacalia_ficoides,
and others; for they are sour like sorrel in

the morning, tasteless at noon, and bitter in
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) ndeed, the quantity of

the ming-.

effecied dur the mizht a trie

‘water, or even with an
rogen, which is the composi-
tasteless and bitter substances.
n absorbed
could be estimated pretty nearly by the dif-
ferent periods which the green leaves of
lants require to undergo alteration in colour,
the influence of the atmosphere. Those
which continue longest green will abstract
less oxygen from the air in an equal space
of time, than those the constituent parts of
which suffer a more rapid change. It is
found, for example, that the leaves of the
Hex aquifolium, distinguished by the dura-
bility of their eolour, absorb only 0-86 of
their volume of ox{E:ngas in the same time
that the leaves of
those of the beech 94 times their volume ;
both the beech and poplar being remarkable
for the rapidity and ease with which the

ASSIMILATION OF CARBON.
The formation of acids is | | ‘

| hydrogen amounts to

poplar absorb 8, and | the

colour of their leaves t:han%es.

When the leaves of the 'implnr, the
beech, the oak, or the holly, are dried under
the air pump, with exclusion of light, then
moistened with water, and placed under a
fk.!:a globe filled with oxygen, they are

ound to absorb that gas in proportion aal
they change in eolour. The chemical nature |
of this process is thus completely established. |
The diminution of the gas which oceurs can
only be owing to the union of a large pro-
portion of oxygen with those substances
which are already in the siate of oxides, or |
to the oxidation of the hydrogen in those
vegetable compounds which contain it in
excess. The n brown or yellow leaves
of the oak contain no longer tannin, and
1.]:.%1 of the poplar I:}ﬂhbalsamul:: constituents.
e property whic n leaves possess
of absorbi u:r.{En beﬁﬁ also to fresh
wood, w r taken from a twig or from
the interior of the trunk of a tree. When
fine chips of such wood are placed in a
moist condition under a_jar filled with oxy-
, the is seen to diminish in volume.
ﬁmﬂmﬂ by exposure to the atmo-
sphere and then moistened, converts the
oxygen into earbonic acid, without chan
of volume ; fresh wood, therefore, absor
most oxygen.

MM. rsen and Schodler have shown,
by the careful elementary analysis of 24 dil-
ferent kinds of wood, that they contain car-
bon and the elements of water, with the
addition of a eertain quantity of hydrogen.
Oak wood, recentl from the tree, and
dried at 1002 C. (212 F.,) contains 49,432
carbon, 6.069 I:}?de\en,and 44.499 oxygen.

The proportion of hydrogen which 1s ne-
cessary to combine with 44.498 oxygen in

order to form water, is 1 of this quanuty,
pamely, 5.56; it is evident, therefore, that
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thi oriion.  In Pinps
s P. Abies, and P. picea, the excess of

1, and in Tilia euro-
peeatol, The quantity of hydrogen stands
n some relation to the specific weight of the
wood ; the lighter kinds of wood contain
more of it than the heavier. In ebony wood
( Diospyros Ebenum) the oxygen and hydro-
gen are in exactly the same proportion as in
walter,

The difference between the composition
of the varieties of wood, and that of simple
woody fibre, depends, unquestionably, upon
the presence of constituents, in part soluble,
and in part inscluble, such as resin and
other matters, which contain a large pro-
portion of hydrogen : the hydrogen of such
substances being in the analysis of the vari-
ous woods superadded to that of the true
woody fibre.

It has previously been mentioned that
mouldering wood contains carbon and
- he!ements nt'Bwate;, without any e:fnqns
o rogen. But the proportions of its
mnsu?fuema must neeessapril Fﬂha.ve been dif-
ferent, if the volume of the air had not
changed during its decay, because the pro-
portion of h in those component
substances of the wood which contained it
in excess is here diminished, and this dimi-
nution could only be effected by an absorp-
tion of oxygen, and consequent formation
of water.

Most vegetable ph'ysiolagista have con-
nected the emission of carbonic acid during
the niEht with the absorption of oxygen
from the atmosphere, and have considered
these actions as a true process of respiration
in plants, similar to that of animals, and like
it, having for its result the separation of
carbon from some of their constitutents.
This opinion has a very weak and unstable
foundation.

The ecarbonie aecid, which has been ab-
sorbed by the leaves and by the roots, to-

with water, ceases to be decomposed
on the departure of daylight; it is dissolved
in the juices which pervade all parts of the
plant, and escapes every moment through
the leaves in quantity corresponding to that
of the water which evaporates.

A soil in which plants vegetate vigor-
ously, contains a certain quantity of mois-
ture which is indispensably necessary to
their existence. Carbonic acid, likewise, is
always present in such a soil, whether it
has been abstracted from the air or has been
generated by the decay of v ble matter.
Rain and wellwater, and also that from
other sources, invariably contains carbonie
acid. Plants during their life constantly
possess the power of absorbing by their
roots moisture, and, along with it, air and
carbonic acid. Is it, therefore, surprisin
that the carbonic acid should be return
unchanged to the atmosphere, ahﬁf wiih
water, when light (the cause of the fixation
of its carbon) is absent?







form of a spongy mass,
which ca;ﬁn&iﬁ onl

Chemistry offers innumerable re
of this kind which are of the.gr

an inquiry into the na 1s of
plants; but they sed, because the
he most import-

E'“]:h and their fulllecﬁ?qs
although they may not be visi-
the naked eye. Butin vegetable phy-
, & leal is in every case regarded
merely as a leaf, notwithstanding that leaves
generating oil of turpentine or oil of lemons
must possess a different nature from those
in which oxalic acid is formed. Vitality, in
its peculiar operations, makes use of a spe-
eial apparatus for each function of an organ.
A rose twig engrafted upon a lemon tree
does not bring forth lemons, but roses.
Vegetable physiologists in the study of their
science have not directed their attention to
that part of it which is most worthy of in-
vesligation.

The second cause of the incredulity with
which physiologists view the theory of the
nutrition of plants by the carbonic acid of
the atmosphere is, that the art of experi-
menting isnot known in rmsiﬂ]ugy, it being
an art which can be lea accurately only
in the chemical laboratory. Nature speaks
to us in a peculiar lanzuage, in the langua
of phenomena; she answers at all times the
questions which are put to her; and such
questions are experiments. An experiment
is the expression of a thought: we are near
the truth when the phenomena elicited by
the experiment corresponds to the thought;
while the opposite result shows that the
question was falsely swated, and that the
conceplion was erroneous.

The critical repetition of another’s experi-
ments must be viewed as a eriticism of his
opinions; if the result of the criticism be
merely negzative, if it do not suggest more
correct ideas in the place of those which it
is intended to refute, it should be disre-
garded ; because the worse experimenter the
critie is, the greater will he the discrepancy
between tEE r;:;ullihe obtains and the views

roposed by the other,

5 It is too E‘.’mﬂh forgotten by physiclogists,
that their du}_y really is not to refute the ex-
periments of others, nor to show that the
are erroneous, but to diseover truth, and
that alone. It is startling, when we reflect
that all the time and energy of a multitude
of persons of genius, talent, and knowledge,
are expended in endeavours to demonstrate
each other's errors. - -y

The question whether earbonic acid is the
food of plants or not has been made the sub-
jeet of experiments with perfect zeal and
good faith; the results have been opposed
to that view. But how was the inquiry in-
stituted ? '

The seeds of halsamines, beans, cresses,
and gourds, were sown in pure Carrara
marble, and sprinkled with water containing
carbonic acid? The seeds sprang, but the

: In other cases, they
ed the water to

netrate the marble

in | from below, yet, in spite of this, they died.

It is worthy of cbservation, that they lived
longer with pure distilled water than with
that impregnated with carbonic acid; but
still, in this case also, they eventually pe-
rished. Other experimenters sowed seeds
of plants in flowers of sulphur and sulphate
-of barytes, and tried to nourish them with
carbonic acid, but without success.

Such experiments have been considered
as positive proofs, that carbonic acid will
not nourish plants ; but the manner in which
they were mstituted is opposed to all rules
of philosophical inquiry, and to all the laws
of chemistry.

Many conditions are necessary for the
life of plants; those of each genus require
special conditions ; and should but one of
these be wanting, although the rest be sup-
plied, the plants wiil not be brought to ma-
turity. The organs of a plant, as well as
those of an animal, contain substances of
the most different kinds; some are formed
solely of carbon and the elements of water,
others contain nitrogen, and in all plants we
find metallic oxides in the state of salts.
The food which can serve for the produe-
tion of all the organs of a plant, must neces-
sarily contain all its elements. These most
essential of all the chemical qualities of nu-
triment may be united in one substance, or
they may exist separately in several; in
which ease, the one contains what is want-
ing in the other. Dogs die although fed
with jelly, a substance which contams ni-
trogen ; they cannot live upon white bread,
sugar or starch, if these are given as food,
to the exclusion of all other substances.
Can it be concluded from this, that these
substances econtain no elements suited for
assimilation? Certainly not.

Vitality is the power which each organ

sesses of constantly reproducing itself ;
or this it requires a supply of substances
which contain the econstituent elements
of its own substance, and are capable
of undergoing transformation. All the
organs together cannot generaie n single
element, carbon, nitrogen, or a metallie
oxide.

When the quantity of the food is too
great, or is not capable of undergoing the
necessary transformation, or exerts 'ﬂn)i rpt:*-
culiar chemical action, the organ isell is
subjected to a change : all poisons act in this
manner. The most nutntious substances
may cause death. In experiments such as
those deseribed above, every condition of
nutrition should be considered. DBesides
those matters which form their principal
constituent parts, both animals and plants
require others, the peculiar functions ol
which are unknown. These are inorganie
substances, such as common salt, the total
want of which is in animals inevitably pro-
ductive of death. Plants, for the same rea-
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tain metallic compounds.

If we knew with certainty that there ex- |
ble alone of nour- |t

l:th&d a B:iahﬂlnnne [t:_a ible alc .
1shing a plant and of bringing 1t to maturity,
we might be led to a knowledge of the con-
ditions necessary to the life of all plants, by
studying its characters and composition. 1If
humus were such a substance, it would
have precisely the same value as the only
single food which nature has produced for
animal organization, namely, milk (Prout.)
The constituents of milk are cheese or
caseine, a compound containing nitrogen in
large proportion ; butter, in which hydrogen
abounds ; and sugar of milk, a substance
with a large quantty of hydrogen and oxy-
gen in the same proportion as in water. It
also contains in solution, lactate of seda,
phosphate of lime, and common salt ; and a
peculiar aromatic product exists 1 the but-
ter, called butyrit acid. The knowledge of
the composition of milk is a key to the con-
ditions necessary for the purposes of nutri-
tion of all animals.

All substances which are adequate to the
nourishment of animals contain those ma-
terials united, though not always in the
same form ; nor can any one be wanting for
a cerlain space of time, without a marked
effect on health being produced. The
employment of a substance as food presup-
&wa a knowledge of its capacity of assimi-

ion, and of the conditions under which
this takes place.

A carnivorous animal dies in the vacuum
of an air pump, even though supplied with
a superabundance of food ; 1t dies in the air,
if the demands of its stomach are not satis-
fied ; and it dies in pure oxygen gas, how-
ever lavishly nourishment be given to it. ls
it hence to be concluded, that neither flesh,
nor air, nor oxygen, is fitted to support life ?
Certainly not.

From the pedestal of the Trajan column
at Rome we might chisel out each single
piece of stone, if upon the extraction of the
second we replaced the first. But could we
conclude from this that the column was sus-
pended in the air, and not supported by a
single piece of its foundation? Assuredly
not. Yet the strongest proof would have
been given that each portion of the pedestal
could be removed, without the downfall of
the column.

Animal and vegetable ph?'sinlogista, how-
ever, come to such conclusions with re-
spect to the process of assimilation. They
mstitute  experiments, without being ac-

uainted with the circumstances necessa
or the continuance of life—with the quali-
ties and proper nutriment of the animal or
plant on which they operate—or with the
nature and chemical constitution of its
organs. These experiments are considered
by them as convincing proofs, while they
are fitted only to awaken pirir.

Is it possible to bring a plant to maturit
by means of carbonic acid and water, with-
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out the aid of some substance eontulaing ni-
5 which is an essential constituent of

p, and indispensable for its produc-
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plant not die, however

of carbonic acid may

be, as soon small leaves have
exhausted the ‘eontained ‘ir the

aeeclia? R oo
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rara marble, even when an imﬁﬂ_*&* |
stance is supplied to it, if the ‘marble be
sprinkled with an aqueous solution of car-
bonie aeid, which dissolves the lime and
forms bicarbonate of lime? A plant of the
family of the inece, upon the leaves
of which fine hornlike, or scaly processes
of crystallised carbonate of lime are formed,
might, perhaps, atltain maturity under such
circumstances ; but these experiments are
only sufficient to prove, that cmmmlds,
and balsamines, cannot be nouri by
bicarbonate of lime, in the absence of mat-
ter containing nitrogen. We may, indeed,
conclude, that the salt of lime acts as a
poison, since the developement of plants
will advance farther in pure water, when
lime and carbonic acid are not used.

Moist flowers of sulphur attract oxygen
from the atmosphere, and become acid. Is
it possible that a plant can grow and flourish
in presence of free sulphuric acid, with no
other nourishment than carbonic acid 7 It is
true, the quantity of sulphuric acid formed
thus in hours, or in days, may be small, but
the property of each particle of the sulphur
to absorb oxygen and retain it, is present
every moment.

When it is known that plants require
moisture, carbonic acid, and air, should we
choose as the soil for experiments on their
growth, :ﬂ]phatgﬁuf barytes, which, from its
nature and specific gravity, completel -
vents the access of gi?? 2 s

\ll these experiments are valueless for the
decision of any question. It is absurd to
take for them any soil, at mere hazard, as
I::;I::.F as we are ignorant of the functions
performed in E]ams by those in ic sub-
stances which are apparently foreign to
them. 1t is quite impossible to mature a
plant of the family of the Graminew, or of
the Eguisetacee, the solid framework of
which contains silicate of potash, without
silicic acid and potash, or a plant of the ge-
nus Ozalis without potash, or saline plants
such as the saltworts ( Salsola and Salicornia)
without chloride of sodium, or at least some
salt of similar properties. All seeds of the
Grraminee contain phosphate of magnesia ;

ry | the solid parts of the roots of the althea eon-

tain more phosphate of lime than woody fibre.
Are these substances merely accidentally
present? A plant should not be chosen for
experiment, when the mater which it re-
quires for its assimilation is not well known.

What value, now, can be attached to ex-
periments in Which all those matters which

y |a plant requires in the process of assimila-

tion, besides its mere nutriment, have been
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~ the nature of a single cubic inch of their
soil, and know the composition of the air
and rainwater, we are in possession of all
the conditions necessary to their life. The
source of the different nis entering into
the composition of plants eannot possibly
escape us, if we know in what form they
take up their nourishment, and compare its
composition with that of the vegetable sub-
stances which compose their structure.

All these questions will now be examined
and discussed. It has been already shown
that the earbon of plants is derived from the
atmosphere : it still remains for us to in-
quire what power is exerted on v tion
by the humus of the soil and the inorganic
constituents of plants and also to trace the
sources of their nitrogen.

CHAPTER III.

ON THE ORIGIN AND ACTION OF HUMUS.
'

It will be shown in the second part of
this work, that all plants and vegetable
structures undergo two processes of decom-
position after death. One of these is named
fermentation ; the other, pulrefaction, decay,
or ercmacousis.®

It will likewise be shown, that decay is a
slow of combustion,—a process,
therefore, in which the combustible parts of
a t unite with the oxygen of the atmo-

s ;
i]lThve decay of woody fibre (the prineipal
constituent of all plants) is accompanied by
a omenon of a peculiar kind. This
substance, in contact with air or oxygen
gras, converts the latter into an equal volume
of carbonie aeid, and its decay ceases upon
the disappearance of the oxygen. If the
carbonic acid is removed, and oxygen re-
placed, its decay recommences, that is, it

in converts oxygen into carbonic acid.
ﬁ:adr fibre consists of carbon and the ele-
ments of water ; and if we judge only from
the products formed during its decomposi-
tion, and from those formed by pure char-
coal, burned at a high temperatore, we
might conclude that the causes were the
same in both: the decay of woody fibre pro-
ceeds, therelore, as il no hydrogen or oxy-
gen entered into its composition.

* The word eremacausis was proposed by the
anthor some time since, in_ order to explain_the
true nature of decay; it is compounded from

sgigen, by degrees und eavals, burning.

presence of water is

of combustion, and the
essary for its main-

a- | tenance : alkalies promote it, but acids re-

tard it; all antizeptic substances, such as
sulphurous acid, the mercurial salts, empy-
reumatic oils, &c., cause its complete ces-
sation.

Woody fibre in a state of decay is the
substance called humus.*

he property of woody fibre to convert
surrounding oxygen into carbonie aeid
diminishes in proportion as its decay ad-
vances, and at last a certain quantity of a
brown coaly-looking substance remains, in
which this property is entirely wanting.
This substance is called mould ; it is the
Emduﬂt of the complete decay of wood

bre. Mould constitutes the principal of

the strata of brown coal and peat.

Humus acts in the same manner in a soil
permeable to air as in the air itself; itis a
continued source of carbonic acid, which it
emits very slowly. An atmosphere of car-
bonie acid, formed at the emae of the air,
surrounds every particle of ying humus.
The cultivation of land, by tilling and loos-
ening the soil, causes a free and unob-
structed access of air. An atmosphere of
carbonic acid is, therefore, contained in every
fertile soil, and is the first and most import-
ant food for the young plants which grow
T 1

In spring, when those organs of plants
are absent which nature has appointed for
the assumption of nourishment from the
atmosphere, the component substance of the
seeds 15 exelusively employed in the forma-
tion of the roots. Each new radicle fibril
which a_plant acquires may be regarded as
constituting at the same time a mouth, a
lung, and a stomach. The roots orm
the functions of the leaves from the first
moment of their formation: they extraet
from the soil their proper nutriment, namely,
the carbonic acid generated by the humus.

By loosening the soil which surrounds
young plants, we favour the access of air,
and the formation of carbonic acid; and, on
the other hand, the quantity of their food
is diminished by every difficulty which op-

ses the renewal of air. A plant itself
effects this change of air at a certain period
of its growth. The carbonic acid, which
protects the undecayed humus from farther
change, is absorbed and taken away by the
fine fibres of the roots, and by the roots
themselves ; this is replaced by atmospheric
air, by which process the decay 1s renewed,
and a fresh portion of carbonic acid formed.
A plant at this time receives its food both
by the roots and by the organs aboveground,
and advances rapidly to maturity.

When a plant is quite matured, and when

* The humic acid of chemists iza product of the
decomposition of humus by alkalies ; it does not
exist in the humus of vegetable physiologists.
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the atmosphere are formed, the
of the soil is no farther require
Deficiency of moisture in
complete dryness, does not now check the
growth of a plam, provided 1t receives from
the dew and the atmosphere as much as is
requisite for the process of assimilation.
During the heat of summer it derives its
carbon exclusively from the atmac'lls&phere.
We do not know whatheight and strength
nature has allotted to planis; we are ae-
quainted only with the size which they
uspally attain. are shown, both in
London and Amsterdam, as remarkable
curiosities, which have been reared by Chi-
nese gardeners, and are only one foot and a
half 1 height, although their trunks, barks,
leaves, hﬁmches, a'I:‘lf whu].ﬁ habitus, evinee
a venerable age. e small parsnep grown
at Teltow,* when placed in a mﬁ which
yields as much nourishment as it can take
up, increases to several pounds in weight.

The size of a plant i orlionel Lo the
!f;nrgmu A s

#
e

surface which arve destined to
cmmﬂ ood to it. A plant gains another
mouth and stomach with every new fibre

of root, and every new leaf.

The power which roots possess of taking
up nourishment does not cease as long as
nutriment 1s present. When the food of a
plant is in ater quantity than its organs
require for their own perfect development,
the superfluous nutriment is not returned to
the soil, but is employed in the formation of
new organs. At the side of a cell, already
formed, another cell arises; at the side of a
twig and leaf, a new twig and a new leaf
are developed. These new parts could not
have been formed had there not been an
excess of nourishment. The sugar and

mucilage produced in the seeds, form the | fi

nutriment of the inung plants, and disa
pear during the development of the buds,
green sprouts, and leaves,

The power of absorbing nutriment from
the atmosphere, with which the leaves of
plants are endowed, being proportionate to
the extent of their surface, every increase
in the size and number of these parts is ne-
cessarily attended with an increase of nutri-
tive power, and a consequent farther de-
velopment of new leaves and branches.
Leaves, twigs, and branches, when com-

letely matured, as they do not become
arger, do not need food for their support.
For their existence as organs, they require
only the means necessary for the performn-
ance of the special functions to which they
are destined by nature ; they do not exist on
their own account,

We know that the functions of the leaves
and other green parts of plants are to absorb
carbonic acid, and with the aid of light and

* Teltow is a village near Berlin, where small
parsneps are coltivated in a sandy soil ; they are
much esteemed, and weigh rarely above one
ounce,

the soil, or its | le
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moisture, to appropriate its carbon. These
srocesses are continually in operation ; .

ith the first formation of the
cease with their perfect
new producis ansing
imilation are no
ct leaves in
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longer employed b
th:ﬁE own fnmm: they
mation of woody fibre, and all K
matters of similar composition. The |
now produce sugar, amylin or starch,
acids, which were previously formed by the
roots when they were necessary for the de-
;elgpg:.:sut i‘DEI:. ﬂ:ne: stem, buds, leaves, and

ranches of the plant. ! .

The o of assimilation, at this period
of their life, receive more nourishment from.
the ummpilere than they employ in their
own sustenance ; and when the formation
of the woody substance has advanced toa
certain extent, the expenditure of the nutri-
ment, the supply of which still remains the
same, takes a new direction, and
are produced. The functions of the leave
of most plants cease upon the ripening
their fruit, because the products of their
action are no lo needed. They now
yield to the chemical influence of the oxygen
of the air, generally suffer a change in
colour, and fall off.

A peculiar # transformation’’ of the mat-
ters contained in all plants takes place in the
period between blossoming and the ripenis
of the fruit; new compounds are mu' A
which furnish constituents of the I
fruit, and seed. An organic -::hem"i;:ai
“ transformation” is the separation of the
elements of one or several combinati
and their re-union into two or several others,
which contain the same number of elements,
either grouped in another manner, or in d
erent proportions. Of two mmtgaund_:
formed in consequence of such a uﬁf;
one remains as a component part of the
blossom or fruit, while lﬁe other is separated
by the roots in the form of excrementitious
matter. No process of nutrition can be con-
ceived to subsist in animals or vegetables,
without a xgnrauun of effete matters. We
know, indeed, that an organized body can-
not generate substances, but ean only change
the mode of their combination, ancr that us
sustenance and reproduction depend upon
the chemical transformation of the matters
which are employed as its nutriment, and
which contain its own constituent elements.

Whatever we regard as the cause of these
transformations, whether the Vital Princi
Increase of Tqménemmm, Light, Galvanism,
or any other influence, the act of transfor-
mation 1s a purely chemieal process. Com-
bination and Decomposition can take place
only when the elements are disposed to
these changes. Thatwhich chemists name
tgilmy indicates only the degree in which
they possess this disposition. It will be

shown, when considering the processes of
f;!‘gmnmmn and putrefaction, that every
disturbance of the mutual auraction sub-
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pass out by the intestinal canal, and all
eous matter by the lungs.

We should not permit ourselves to be
withheld by the idea of a wvital prineiple,
from eonsidering in a chemical point of view
the process of the transformation of the food,
and its assimilation by the various organs.
This is the more necessary
hitherto held, have produced no results, and
are quite ineapable of useful application.

Is it truly viality, which generates sugar
in the germ for the nutrition of young plants,
or which gives to the stomach the power to
dissolve, and to prepare for assimilation, all
the matter introdueed into it? A decoction
of malt possesses as little power to repro-
duce itself, as the stomach of a dead calf;
both are, unquestionably, destitute of life.
But when amylin or starch is introduced
mto a decoction of malt, it changes, first
into a gummy-like matter, and lastly into
sugar. Hard-boiled albumen and muscular
fibre can be dissolved in a decoction of a
calf’s stomach, to which a few drops of mu-
riatic acid have been added, precisely as in
the stomach itself.* (Schwann, Schulz.

The power, therefore, to eflect transfor-
mations, does not helon.g to the vital prin-
ciple : each transformation is owing to a
disturbance in the attraction of the elements
of a compound, and is consequently a
purely chemical process. There is no doubt
that this process takes place in another form
from that of the ordinary decomposition of
salts, oxides, or sulphurets. But is it the
fault of chemistry that physiology has hith-
erto taken no notice of this new form of
chemical action 7

Physicians are accustomed to administer
whole ounees of borax to patients suffering
under urinary caleuli, when it is known
that the bases of all alkaline salts formed by
organic acids are carried through the urinary
passages in the form of alkaline earbonates,
capable of dissolving caleuli (Wohler.) Is
this rational? The medical reports state,
that upon the Rhine, where so much eream
of tartar is consumed in wine, the only cases
of caleulous disorders are those which are
imported from other districts. We know
that the uric acid caleulus is transformed

consideration, that the most approved remedies
for counteracting or stopping the
frightful malady are precisely those which are

found most efficacions in retarding putrefaction, |
Thus, it is well known that much relief is afforded |
by a residence in works in which empyreumatic |

oils are manufactured by dry distillation, such as | and by unde
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d|into the m
| e lent; | oxalic acid,

through the urinary passages ; all solid sub- [ the

stances, incapable of farther transformation, | try.

» a3 the views, | (

progress of this | young plants as food, in the form of car-
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ulberry caleulus (which contains

]:mll'&' nts suffering under
o e town for the coun-

and

rmel exnhmlg:mﬂll

may I?E rlaehtainﬁd from o
ing the fermentation d i
aigd the oil of the ?lm ulmaria :
erystalline matter of the bark of the willow
iria.) We are able to form in our labor-
atories formic acid, oxalie acid, urea, and
the crystalline substances existing in the
liquid of the allantois of the cow, all pro-
ducts, it is said, of the vital principle. |
see, therefore, that this mysterious principle
has many relations in common WI_I.E chemi-
cal forces, and that the latter can indeed re-
place it ¥ Wha];t lhlgse relations are, it
remains for physiologists to investigate.
Truly it would be extraordinary if this vital
principle, which uses every thing for its own
urposes, had alloted no share to chemieal
rces, which stand so freely at its dis
We shall obtain that which is obtainable in
a rational ingquiry into nature, if we se-
parate the actions belonging to chemical
powers from those which are subordinate to
other influences. But the expression * vital
rinciple’” must in the mean time be consi-
ered as of equal TJ;]:; with the Iew
cific or dynanie in icine : every thing is
specific which we cannot ex [Z\in, and
ynamic is the explanation of all which we
do not understand ; the terms having been
invented merely for the purpose of conceal-
ing ignorance by the application of learned
epithets.
Transfon:llmt':i:ili;;f l:xiai‘lti mthe Yo
are constantly place durin w
life of a plant, in mnaequanneguf which,
and as the results of these transformations,
there are produced gaseous matters which
are excreted by the leaves and blossoms, solid
exerements deposited in the bark, and fluid
soluble substances which are eliminated by
the roots. Such secretions are most abun-
dant immediately before the formation and
durma,r the continuance of the blossoms;
they diminish after the development of the
fruit. Substances containing a large propor-
tion of carbon are excreted by the roots and
absorbed by the soil. Through the expul-
sion of these matters unfitted for nutrition,
the soil receives in with usury, the car-
bon which it had at first yielded to the

nic acid.

The soluble matter thus acquired by the
soil is still capable of decay and putrefaction,
these processes furnishes

nufa rgﬂit';%
manufactories for the preparation of gas or sal-am- | renewed sources of nutrition to anothier gene-

wood vinegar (pyroligneous acid,) of chlorine, and
certain of the acids, has been recognized as a
means aof allmlmﬁ the dizsease,

* This remarkab
confirmed in this laborato
Vogel, a highly distinguis

moniae. For the same reason, the respiration nf{

young physi

(Giessen,) I:Jo Dr. | I autumn, and the old roots of

ration of plants; it becomes humus. The culti-
vated soil is thus placed in a situation exactly

~analogous to that of forests and meadows,
¢ nction has been completely for the leaves of trees which fall in the forest

in the

gist. | meadow, are likewise converted into humus
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by the same influence : a soil receives more.

carbon in this form than its decaying I
hldlustascarbnniclui&.l 3

. Plants do not exhaust the
in the normal ii

erowth ; on
quantity. But

the contrar

if itis true ive back more car-
take from it, it is evi-

d must depend upon the

eception of nourishment from the atmo-
sphere in the form of carbonic acid. The
influence of humus upon vegetation is ex-
plained by the foregoing facts in the most
clear and satisfactory manner,

Humus does not nourish plants by bein

taken up and assimilated in its unal
state, but by presenting a slow and lasg;%-
source of carbonic acid, which is abso
hi'.: the roots, and is the principal nutriment
o ]ruun.tgkp‘lanta at a time when, being des-
titute of leaves, they are unable to extract
food from the aumosphere.
_ In former periods of the earth’s history,
its surface was covered with plants, the re-
mains of which are still found in the eoal
formations. These plants—the gigantc
monocotyledons, ferns, palms, and reeds—
belong to a class to which nature has given
the power, by means of an immense exten-
sion of their leaves, to dispense with nour-
ishment from the soil. resemble in
this respect the plants which we raise from
bulbs and tubers, and which live while
young upon the substances contained in
their seed, and require no food from the soil
when their exterior organs of nutrition are
formed. This class of plants is even at
present ranked amongst those which do not
exhaust the soil.

The necessity of the existence of plants
such as these at the commencement of ve-
getation, must now be apparent. Humus
15 a product of the decay of vegetable mai-
ter, and therefore could not have existed
to supply the first plants with the food neces-

or the development of the more deli-
cate kinds. Hence the plants capable of
flourishing under such cireumstances could
only be those which receive their nourish-
ment from the air alone. By their decay,
however, the soil in which they grew
came supplied with vegetable matter, and
the progress of vegetation must have fur-
nished to the earth materials adapted for the
development of those plants, which depend
upon nutriment contained in the soil,
until those organs are formed which are des-
tined for the assumption of nourishment
from the atmosphere. :

The plants of every former period are dis-
tinguished from those of the present by the
inconsiderable development of their roots.
Fruit, leaves, seeds, nearly every part of the
plants of a former world, except the roots,
are found in the brown coal formation. The
vascular bundles, and the perishable cellular
tissue, of which their roots consisted, have
been the first o suffer decomposition. But
when we examine oaks and other trees,

1
of rev ns of the

B 121# |.I.--:.'-..|l; n ].ﬂ.ter ig&ﬂ ha"ﬂ' un-
- |dergone the same changes, we never find
il | their roots absent.

The verdant plants of warm climates are
very often such as obtain from the soil only
a point of attachment, and are not dependent
on it for their growth. How extremely
small are the roots of the Cactus, Sedum,
and ivum, in proportion to their
mass, and to the surface of their leaves!
Large forests are often found growing in
soils absolutely destitute of carbonaceous
matter; and the extensive prairies of the
western continent show that the carbon
necessary for the sustenance of a plant may
be entirely extracted from the atmosphere.
Again, in the most dry and barren sand,
where it is impossible for nourishment to be
obtained through the roots, we see the milky-
juiced plants attain complete perfection.

he moisture necessary for the nutrition of
these plants is derived from the atmosphere,
and when assimilated is secured from eva-

oration by the nawre of the juice itself.

‘aoutchoue and wax, which are formed in
these plants, surround the water, as in oily
emulsions, with an impenetrable envelope
by which the fluid is retained, in the same
manner as milk is prevented from evaporat-
mﬁ' by the skin which forms upon it
These plants, therefore, become turgid with
their juices.

Particular examples might be cited of
plants, which have been brought to maturity,
upon a small scale, without the assistance
of mould ; but fresh proofs of the accuracy
of our theory respecting the origin of carbon
would be superfluous and useless, and
could not render more striking, or more con-
vincing, the arguments already adduced. It
must not, however, be left unmentioned,
that common wood charcoal, by virtue
merely of its ordinary well-known proper-
ties, can completely replace vegetable mould
or humus. he experiments of Lukas,
which are appended to this work, spare me
all further remarks upon its efficacy.

Plants thrive in powdered charcoal, and
may be brought to blossom and bear fruit if

be- | exposed to the influence of the rain and the

atmosphere ; the charcoal may be previously
heated to redness. Charcoal is the most
“indifferent” and most unchangeable sub-
stance known ; it may be kept for centuries
without change, and is, therefore, not sub-
ject to decomposition. The only substances
which it can yield to plants are some salts,
which it contains, amongst which is silicate
of potash. It is known, however, to pos-
sess the power of condensing gases within
its pores, and particularly carbonic acid.
And it is by virtue of this power that the
roots of plants are supplied in charcoal, ex-
actly as in_humus, with an atmosphere of
carbonic acid and air, which is renewed as
quickly as it is abstracted.

In charcoal powder, which had been used
for this purpose by Lukas for several years,
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which have the power to separate them-
selves from one another, in Pi:mumerablg
processes, in a maoner imperceptible
senses ; while urhnniu. -
1s only decomposable by viol
action. Y i
VoSt ven

e structures contain hydro-

water, which can be sepa- |
aced by other bodies;
vydrogen which is essential to their
constitution cannot possibly exist in the state
of water. .

All the hydrogen necessary for the forma-
tion of an organic eompound is supplied o
a plant by the decomposition of water. The

rocess of assimilation, in its most simple
, consists in the extraction of hydrogen
from water, and earbon from carbonic acid,
in consequence of which, either all the oxy-
gen of the water and carbonie acid is sepa-
rated, as in the formation of caoutehouc, the
volatile oils which contain no oxygen, and
other similar substances, or only a part of it
is exhaled. ‘

The known composition of the organic
compounds most generally present in vege-
tables, enables us to state in definite propor-
tions the quantity of oxygen separated during
their formation.

36 eq. carbonic acid and
22 eq. hydrogen dﬂri'rcd}n Woody Fibre,
from 22'eq. water.
with the separation of 72 eq. oxygen.
36 eq. carbonie acid and
36 eq. hydrogen derived ¢-= Sugar,
from 36 eq. water
with the separation of 72 eq. oxygen.
36 eq. carbonic acid and
30 eq. hydrogen derived = Starch,
liﬂ;‘;li water -
with the separation of 72 eq. oxygen.
36 eq. carbonic acid and
16 eq. hydrogen derived &= Tannic Acud,
m 16 eq. water
with the separation of 64 eq. oxygen.
36 eq. carbonic acid and
18 eq. hydrogen den'rcd}-: Tartaric Acid,
R s ot oxyge
wit separation of 45 eq. .
36 eq. carbonic acid and
18 eq. hydrogen derived &= Malic Acid,
from 18 eq. waler
with the separation of 54 eq. oxygen.

36 eq. carbonic acid and
24 eq. hydrogen dﬂm“:}:Dﬂ of Turpentine.
from 24 eq. water

with the separation of 84 eq. oxygen.

It will readily be perceived that the for-
mation of the acids is accompanied with the
smallest separation of oxygen; that the
amount of oxygen set free increases with the

uction of the so-named neuatral sub-
stances, and reaches its maximum in the
formation of the eils. Fruits remain acid
in cold summers ; while the most numerous
trees under the tropies are those which pro-
duce oils, caoutchoue, and other substances
containing very little oxygen. The action

of sunshine and influence of heat upon the
ripening of fruit is thus, in a certain mea-

!‘r' ¢ o our | 5o

sure, represented by the numbers above
cited. )

th
vhile oxvgen is a
fruits are ripened in the dark;
red and yellow colouring matters are formed ;
tartaric, citric, and tannie acids disappear,
and are replaced by sugar, amylin, or gum.
6 eq. Tertaric JAeid, by absorbing G eq.
oxvgen from the air, form G'mﬁr:]e Sugar,
with the separation of 12 eq. carbonic acid.
1 eq. Tannic Aecid, by absorbing 8 eq. oxy-
gen from the air, and 4 eq. water, form 1
eq. of Amylin, or starch, with separation of
6 eq. carbonic acid.

We can explain, in a similar manner, the
formation of all the component substances
of plants which contain no nitrogen, whethér
they are produced from ecarbonic acid and
water, with separation of oxygen, or by the
conversion of one substance into the other,
by the assimilation of oxygen and separation
ﬂg carbonic acid. We do not know in what
form the production of these constituents
takes Flane; in this respect, the representa-
tion of their formation which we have given
must not be received in an absolute sense,
it being intended only to render the nature
of the process inore capable of apprehension ;
but it must not be forgotien, that if the con-
version of tartaric aeid into sugar, in grapes,
be considered as a fact, it must take place
under all circumstances in the same propor-
tions. ;

The vital process in plants is, with refer-
ence to the point we have been considering,
the very reverse of the chemical processes
engaged in the formation of salts. Carbenie
acid, zinc, and water, when brought into
contaet, act upon one another, and hydrogen
is seporaled, while a white pulverulent
compound is formed, which contains car-
bonic acid, zine, and the oxygen of the
water. A living plant represents the zinc
in this process : but the process of assimila-
tion gives rise to compounds, which contain
thee - ents of ci.ali'sbunic acid and the h]&tlm-

n of water, whilst oxywen is separale
EeDecnr has been described above as the
great operation of nature, by which that
oxygen, which was assimilated by plants
during life, is again returned to the atmo-
sphere. During the progress of growth,

ants appropriate carbon in the form of car-
Eonit: acid, and hydrogen from the decom-
position of water, the oxygen of which is
set {ree, together with a part of all that con-
tained in the carbonic acid. In the process
of putrefaction, a quantity of water, exactly
corresponding to that of the hydrogen, is
again Furmed by extraction of axigen from
the air; while all the oxygen of the organic
matter is returned to the atmosphere in the
form of earbonic acid. Vegetable matters
can emit carbonic acid, during their decay,
only in proportion to the quantity of oxygen
which they contain; acids, therefore, yield
more carbonic acid than neutral compounds ;
while fatty acids, resin, and wax, do not
putrefy ; they remain in the soil without any

apparent change.
B2

e oxy
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bl F=
voleanoes, must be rded as ancthe
means of compensating for the carbonic acid
absorbed and retained by plants during lile,
and consequently as a source by which oxy-
gen is supplied to the atmosphere. Bischof
t:a;lt:uhm-sI that the springs of carbonic ar;jlt'
in the Eifel (a voleanic district near Cob-
lenz) send into the air every day more than
110,000 lbs. of carbonic acid, corresponding
to 79,000 lbs. of pure oxygen.

———

er |influence of a

| suming the most various and opposite forms
Fnrm[;gte of ammonia changes, under the
high temperature, into hy-
nd water, without the sepa-
s elements. Ammonia forms
e anid, ! 1R

talline compounds,
mustard and bitter alm
into splendid blue or red colo
when in contact with the bitter cons
of the bark of the apple-tree (phloridzin,)
with the sweet principle of the Fariolaria
dealbata (orcin,) or with the tasteless matter
of the Rocella tinctoria ( ) All blue
colouring matters which are reddened by

CHAPTER V.

ON THE ORIGIN AND ASSIMILATION OF
KITROGEN.

We cannot suppose that a plant could
attain maturity, even in the richest vege-
table mould, without the presence of matter
containing nitrogen; since we know that
nitrogen exists in every partof the vegetable
structure, The first and most important
question to be solved, therefore, is: How
and in what form does nature furnish nitro-

n to vegetable albumen, and gluten, to
ruits and seeds?

This question is susceptible of a very
simple so utiun.k . :
Plants, as we know, grow perfectly we
in pure charcoal, if supplied at the same
time with rain water. in Water can con-
tain nitrogen only in two forms, either as
dissolved atmospheric air, or as ammonia,
which consists of this element and hydro-

n. Now, the nitrogen of the air cannot

made to enter into combination with any
element except oxygen, even by the employ-
ment of the most powerful chemical means.
‘We have not the slightest reason for believ-
inﬁeﬂihat the nitrogen of the atmosphere
takes part in the processes of assimilation
of plants and animals; on the contrary, we
know that many plants emit the nitrogen
which is ahsorbed by their roots, either in
the gaseous form, or in solution in water.
But there are on the other hand numerous
facts, showing, that the formation in plants
of substances containing nitrogen, such as
gluten, takes place in proportion to the
quantity of this element which is conveyed
to their roots in the state of ammonia, de-
rived from the putrefaction of animal mauer.

Ammonia, 100, is capable of undergoing

such a multitude of transformations, when |

in contact with other bodies, that in this
respect it is not inferior 1o water, which pos-
sesses the same property in an eminent de-
gree. It possesses properties which we do
not find in any other compound of nitrogen :
when pure, it 15 extremely soluble in water;
it forms soluble compounds with all the
acids; and when in contact with certain
other substances, it completely resigns its

acids, and all red colouring substances
which are rendered blue by alkalies, contain
nitrogen, but not in the form of a base.

These facts are not sufficient to establish
the opinion that it is ammenia which affords
all vegetables, without exception, the nitro-
gn which enters into the composition of

eir constituent substances. Considerations
of another kind, however, give to this opi-
nion a degree of certainty which completely
excludes all other views of the matter.

Let us picture 1w ourselves the condition
of a well-caltured farm, so large as to be in-
dependent of assistance from other quarters.
On this extent of land there is a certain
quantity of ni n contained both in the
corn and fruit which it produces, and in the
men and animals which feed upon them,
and also in their excrements. We
sup&m@e this quantity to be known. The
land is cultivated without the importation
of any foreign substance containing nitro-

n. Now, the produets of this farm must

exchanged every year for money, and
other necessaries of life—for bodies, there-
fore, which contain no nitrogen. A certain
pmdpnninu of nitrogen is exported with corn
and cattle ; and this exportation 1akes place
every year, without the smallest compensa-
tion; yet after a given number of years, the
quantity of nitrogen will be found to have
increased. Whence, we may ask, comes
this increase of nitrogen? The nit in
the exerements cannot reproduce itself, and
the earth cannot yield it. Plants, and con-
sequently animals, must, therefore, derive
their nitrogen from the atmosphere.

It will in a subsequent part of this work
be shown that the last produets of the decay
and putrefaction of animal bodies
themselves in two different forms. T
are in the form of a combination of hydro-
genand nitrogen—ammonia—in the tem
ate and cold climates, and in that of a eom-
pound containing oxygen—nitrie acid—in
the tropics and hot cgimates. The forma-
tion of the latter is preceded by the produc-
tion of the first. Ammeonia is the last pro-
duct of the putrefaction of animal bodies;
nine acid is the produet of the transforma-
tion of ammonia. A generation of a thou-
sand million men is renewed every thi
years: thousands of millions of animals

character as an alkali, and is capable of as-

cease 10 live and are reproduced, in a much
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shorter period. Where is the nitrogen
which they contained during life? There is
no question which ean be answered with
more positive certainty. All anim lies
during their decay pet[tl the nit

they contain to the pk

of ammonia. Evei

s, at Paris, all the nitro-
g n the adipocire was in the
state of ammonia. Ammonia is the simplest
of all the ecompounds of nilroiei:hi and hy-

drogen is the element for w nitrogen
possesges the most powerful affinity. s
The nitrogen of putrified animals is con-

tained in the mhliharensmmnnia,in the
form of a gas which is capable of enteri
into combination with carbonic acid and o
forming a volatile salt. Ammonia in its
gaseous form, as well as all its volatile com-
s, is of extreme solubility in water.
mmonia, therefore, cannot remain long in
the atmosphere, as every shower of rain
must condense it, and convey it to the sur-
face of the earth. Hence, also, rain-water
must at all times contain ammonia, though
not always in equal quantity. It mus:lie
greater in summer than in spring or in win-
ter, because the intervals of time between
the showers are in summer greater; and
when several wet days occur, the rain of
the first must contain more of it than that
of the second. The rain of a thunder storm,
after a long-protracted drought, ought for
this reason to contain the greatest quantity
which is conveyed to the earth at one time.
But we have formerly stated, that all the
analyses of heric air hitherto made
have failed to demonstrate the presence of
ammonia, although, according to our view,
it can never be absent. [Is it possible that it
could have escaped our most delicate and
most exact apparatus? The m};mntit of ni-
trogen contained in a cubic foot of air is
certainly extremely small, but, notwithstand-
ing this, the sum of the quantities of “nitro-
gen from thousands and millions.of dead
animals is more than sufficient to sppply all
those living at one time with this element.
From the tension of aqueous vapour at
15° C. (59° F.)=6,98 lines (Paris mea-
sure,) and from its known specific gravity
at0° C. (320 F.ﬁz it follows that when the
temperature of the air is 592 F. and the
ight of the barometer 28", 1 cubic metre
or 35.3 cubic feet of aqueous vapour are
contained in 487 cubic metres, or 17,191
cubie feet of air: 35.3 cubie feet of aqueous
vapour weigh about 13 Ib. Consequently,
if we suppose that the air saturated with
moisture at 59° F, allows all the water
which it contains in the gaseous form to fall
as rain, then 1.1 pound of rain-water must
be oblained from every 11,471 cubic feet of
air. The whole quantity of ammonia con-
tained in the same number of cubic feet will
aleo be returned to the earth in this one
pound of rain-water. But if the 11471
cubic feet of air contain a single grain of

ceannot be too diulin-‘:tllrl

OF NITROGEN.

"] em
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P :ly small &opaﬂ.wn is absolutely in-
ap 'ngle by the most delicate and best
eudiometer ; it might be classed among the
errors of observauon, even were its quan-
tity ten thousand times greater. But the
detection of ammonia must be much more
easy when a pound of rain-water is ex-
amined, for this contains all the gas that
was diffused through 11,471 eabie feet of air.
If a pound of rain-water contain only }th
of a grain of ammonia, then a field of 26,910
ﬂuam feet must receive annually upwards
B8 lbs, of ammonia, or 71 lbs. of nitro-
gen; for by the observations of Schubler,
which were formerly alluded to, about
770,000 lbs. of rain fall over this surface in
four months, and consequently the annual
fall must be 2,310,000 lbs. This is much
more nitrogen than is contained in the form
of e albumen and gloten, in 2920
Ibs. of wood, 3085 lbs. of hay, or 200 cwt.
of beet-root, which are the yearly produce
of such a field ; but it is less than the straw,
roots, and grain of corn, which might grow

on the same surface, would contain.®
Experiments made in this laboratory
(Giessen) with the greatest care and exact-
ness have placed the presence of ammonia
in rain-water beyond all doubt. It has hi-
therto escaped observation, because no per-
son thought of searching for it. All the
rain-water employed in this inquiry was col-
lected 600 paces south-west of Giessen,
whilst the wind was blowing in the direc-
tion of the town. When several hundred
pounds of it were distilled in a copper still,
and the first two or three ﬁunda evaporated
with the addition of a little muriatic acid, a
very distinet crystallisation of sal-ammoniac
was obtained : the crystals had always a

brown or yellow colour.

Ammonia may likewise be always detected
in snow-water. Crystals of sal-ammoniac

* The advocates of the importance of humus as
a nourishment for planta, hnIg driven from their
position by the facts brought forward in the pre-
ceding chapters, have found in the ammonia D(Prﬁe
atmosphere an explanation of the manner in which
humus nglguirpa its solubility, and therefore its ca-
pability of being assimilated by plants.  Now, it
13 very true that humic acid is soluble in ammo-
mia; but the hamic acid of chemists iz not con-
fained tn sotls. Were 1t s0, on Irtuling monld
with water we should obtain a dark-coloured so-
lution of humate of ammonia. But we obiain a
solution which is entirely devoid of this acid. It
ept in mind that humie
acid is the product of the decomposition of humeus,
by means of caustic alkalies. Again, if the
eoloured =olutions of humates of ammonia, lime,
or magnesia, be poured upon d mould or de-
eayed oak-wood (which is nearly pure kumus,) and
allowed to filter, the solutions are observed to pass
through quite colourless; they are decolourised
just as :'Il' they had been filtere htllmng!] ¢I|arlgmi.

ere, then, kumus the property of ex-
tracting humic acid gm water ; or, in other words,
goila have the r of rendering humic aeid in-
soluble, or unfit for assimilation,—Ep.
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stem (of the maple-tree,

and in et

The juices of |
maﬁ&umu the maple

] pement of mm
parts s, the ammonia diminishes in

uantity, and when they are fully formed,
the tree yields no more juice.

The employment of animal manure in the
cultivation of grain, and the v bles
which serve for . ﬂt;_.mme ,isn[gmast
convincing at the nitrogen of vege-
tables is dl::?::d from ammonia. The

uantity of gluten in wheat, rye, and bar-
%y, is very different ; these kinds pf grain
also, even when ripe, contain this compound
of nitregen in very different proportions.
Proust found French wheat to contain 12.5
cent. of gluten; Vogel found that the
varian contained 24 per cent.; Davy ob-
tained 19 per cent. from winter, and 24 from
summer wheat; from Sicilian 21, and from
Barbary wheat 19 per cent. The meal of
Alsace wheat contains, according to Bous-
singault, 17.3 cent. of gluten; that of
wheat grown in the *Jardin des Plantes”
26.7, and that of winter wheat 3.33 per cent.
Such great differences must be l:-m'ug to
some cause, and this we find in the diffe-
rent methods of cultivation. An increase of
animal manure gives rise not only to an in-
crease in the number of seeds, but also to a
most remarkable difference in the proportion
of the substances containing nitrogen, such
as the gluten which they contain.

Animal manure, in as far as regards the
assimilation of nitrogen, acts only by the
formation of ammeonia. One hundred parts
of wheat grown on a soil manured with
cow-dung (a manure containing the smallest
quanti ﬂiﬂﬂg&n& affo only 11.95

gluten, and 64.34 parts of amylin,
or starch ; whilst the same quantity, grown
on a soil manured with human urine,
the maximum of gluten, namely 35.1 per
cent. Putrefied unne contains mitrogen in
the forms of carbonate, phosphate, and lac-
tate of ammonia, and in no other form than
that of ammoniacal salts. 4

* Putrid urine is employed in Flanders as
a manure with the best results. During the

trefaction of urine, ammoniacal salts are

ormed in large quantity, it may be said ex-
clusively; for under the influence of heat
and moisture, urea, the most prominent in-
ﬂzdiem of the urine, is converted into car-
ate of ammonia. The barren soil on the
coast of Peru is rendered fertile by means of
a manure called Guano, which 1s collected
from several islands in the South Sea®* It
iz sufficient to add a small quantity of guano

Tu ‘I'he guano, which forms a stratum several

feet in lhi-:inmu upon the surface of these islands,

consists of the putrid excrements of innumerable
o

and fruit in an unripe | ¢

OF NITROGEN.

e of organtc matter, and the
ure employed is formed only of wurate,
¢, oxalate, and earbonate of ammonia,
together with a few earthy salts,”’®
Ammonia, therefore, must have yielded
the nitrogen to these ts. Gluten is ob-
tained not only from corn, but also from
grapes and other plants; but that extracted
from the grapes is called vegetable albumen,
although 1t 15 identical in composition and
properties with the ordinary ﬁiuten

It is ammonia which yields nitrogen to
the vegetable albumen, the principal eon-
stituent of plants; and it must be ammonia
which forms the red and blue colouring
matters of flowers. Nitrogen is not pre-
sented to wild plants in any other form ca-
pable of assimilation. Ammonia, by its
transformation, furnishes nitric acid to the
tobacco plant, sun-flower, iwm, and
Bo officinalis, when they grow in a
soil completely free from nitre. Nitrates
are sary constituents of these plants,
which thrive only when ammonia is present
in ]‘arge quantity, and when they are also
subject to the influence of the direct rays of
the sun, an influence necessary to effect the
disengagement within their stem and leaves
of the oxygen, which shall unite with the
ammonia to form nitric acid.

The urine of men and of carnivorous
animals eontains a large quantity of nitrogen,
partly in the form of phosphates, partly as
urea. Urea is converted during putrefac-
tion into carbonate of ammonia, that is to
say, it takes the form of the very salt which
oceurs in rain-water. Human urine is the
most powerful manure for all vegetables
containing nitrogen ; that of horses and
horned cattle contains less of this element,
but infinitely more than the solid excrements
of these animals. In addition to urea, the
urine of herbivorous animals contains hip-
puric acid which is decomposed during pu-
trefaction into benzoic acid and ammonia.

ded | The latter enters into the composition of the

gluten, but the benzoic acid often remains
unch : for example, in the Jnthoxan-
thum .

The solid excrements of animals contain
comparatively very little nitrogen, but this
could not be otherwise. The food taken by
animals supports them only in so far as 1t
offers elements for assimilation to the various
organs which they may require for their
increase or renewal. Corn, grass, and all
plants, without excepuon, contain azotised
substances. The quantity of food which
animals take for their nourishment, dimi-
nishes or increases in the same proportion
as it contains more or less of the substances
containing nitrogen. A horse may be kept

sea fowl that remain on them during the breeding
geason. See the Chapter on Manures.)
31; Boussingault, Ann. de Ch. et de Phys. lxv. p.
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pported is a gradual

YRR

l'a thiis |
the animal increases neither in

strength, and sinks under every exertion. | pri

The yuantity of rice which an Indian eats
astonishes the European ; but the fact that
rice contains less nitrogen than any other
kind of grain at once explains the circum-
stance,

Now, as it is evident that the nitrogen of
the plants and seeds used by animals as food
must be employed in the process of assimila-
tion, it is natural to expect that the exere-
ments of these animals will be deprived of it
in proportion to the perfect digestion of the
food, and can only contain it when mixed
with secretions from the liver and intestines.
Under all circumstances, they must contain
less nitrogen than the food. When, there-
fore, a field is manured with animal excre-
ments, a smaller quantity of matter contain-
ing nitrogen is added to it than has been
taken from it in the form of grass, herbs, or
seeds. By means of manure, an addition
only is made to the nourishment which the
air supplies.

In a scientific point of view, it should be
the care of the agriculturist so to employ all

the substances t:mm.iuinF a hﬁ? proportion |
arm affo

of nitrogen which his rds in the

L CHEMISTRY.

shrubs. and other wild plants; but this s
not sufficient for the purposes of agricul-
ture. Agriculture differs essentially mﬁ

divation of forests, inasmuch as its
t consists in the production
rm_capable of as-

of mla“"ﬂ“ :
similation ; w
is confi incipally t
carbon. All the various mean
are subservient to these 1wo main
A part only of the carbonate of am
which is conveyed by rain to 11155 1
ceived by plants, because a cerl'.nlnt;?l.l )
of it is volatilised with the vapour of water ;
only that portion of it can be assimilat
which sinks deeply into the soil, or whicl
is conveyed directly to the leaves by dew, or
is absorbed from the air along with the car-
bonic acid. "
Liquid animal excrements, such as the
urine with ;?hich the a:ahlid excrements
im ated, contain the test part o
thﬂg:ﬁmnh in the state ugﬁw,in a form
therefore, in which it has mmglletel]r lost its
volatility ; when nted in this condition,
not the smallest portion of the ammonia is
lost to the plants; itis all dissolved by water,
and imbibed by their roots. The evident
influence of Hﬁ:ﬂl upon the growth of
rrasses—ithe striking ferulity and luxurian
of a meadow upon which it is stre

form of animal excrements, that they shall | depends only upon its fixing in the soil 1l e
serve as nutriment to hisown plants. This ammonia of the atmosphere, which

will not be the case unless those substances
are properly distributed upon his land. A

his land would serve hum no more than his
neighbours. The nitrogen in it would es-
cape as carbonate of ammonia into the at-
mosphere, and a mere carbonaceous residue
of decayed plants would, after some years,
be found in its place.

All animal excrements emit earbonie acid
and ammonia, as long as nitrogen exists in
them. In every stage of their putrefaction
an escape of ammonia from them may be
induced by moistening them with a potash
ley; the ammonia being apparent to the
senses by a peculiar smell, nmPl. by the dense
white vapour which arises when a solid
body moistened with an acid is brought near
it. This ammonia evolved from manure is
imbibed by the soil either in solution in
water, or in the gaseous form, and plants
thus receive a largfr supply of nitrogen
than is afforded to them by the atmosphere.

But it is much less the quantity of am-
monia, vielded to a soil by animal excre-
ments, than the form in which it is presented
by them, that causes their great nfluence
on its fertility. Wild plants obtain more
nitrogen from the atmosphere in the form of
ammonia than 1@9{ require for their growth,
for the water which evaporates through their
leaves and blossoms, emits, after some time,
a putrid smell, a peculiarity possessed only
by such bodies as contain nitrogen. Culu-
vated plants receive the same quantity of

nitrogen from the atmosphere as trees, | iy

heap of manure lying unemployed upon |

otherwise be volatilized, with the water
which evaporates.* The carbonate of am-
monia contained in rain-water is decom-
posed by gypsum, in precisely the same
manner as in the manufacture of sal-am-
moniac. Soluble sulphate of ammonia and
carbonate of lime are formed ; and this salt
of ammonia possessing no volatility is con-
sequently retained in the soil. All ‘the
sum gradually disappears, but its action
upon the carbonate of ammonia continues
as Ion.gb:i a trace of it exists. _
The beneficial influence of grp&um‘nﬁ
many other salts has been compared to o
of aromatics, which increase the activity o
the human stomach and intestines, and give
a tone to the whole s{:fm. But plants con-
tain no merves ; we know of no substance
capable of exciting them to inmﬁcaﬁmmm
madness, or of lulling them to sleep and re-
]:-E;SE. No substance can possibly cause their
ves to appropriate a greater quantity of
carbon from the atmosphere, when the other
constituents which the seeds, roots, and
leaves require for their growth are wantine.,
The favourable action of small quantiﬁﬁtﬁi
aromatics upon man, when mixed with his
food, is undeniable ; but aromatics are given
to_plants without Jood 10 be digested, and
still they flourish with greater luxuriance.

* It has long been the practice in some
the ““““"k'rt? sirew the floors of alahlﬂnn:ilnli
gypsum. This prevents the di=a ble odour
arising from the putrefaction of stable manure, by

decomposi the i i
i .—EE. ammoniacal salts which are
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It is quite evident, therefore, that the
common view concerning the influence
certain salis upon the wth of pla
evinces only :gnnmmolgﬁ cansdil .
_The action of gypsum or
clum I:'Eﬂ]!!' consi

-
ar

- of gypeum, it may be sufficient to remark
that llﬁ?lh of burned gypsum fixes as
much ammonia in the soil as 6880 lbs. of

horse’s urine® would yield to it, even on the

supposition that all the nilmE:n of the urea
nng hippuric acid were absorbed by the
plants without the smallest loss, in the form
of carbonate of ammonia. If we admit with
Boussingaultt that the nitrogen in grass
amounts 1o yyg of its weight, then every
pound of nitrogen which we add inecreases
the produce of the meadow 100 Ibs., and
this increased produce of 100 lbs. is effected
by the aid of a liule more than 4 lbs. of
gypsum.
ater is absolutely necessary to effect the
decomposition of the gypsum, on account
of its difficult solubility, 8315 art of gypsum
requires 400 parts of water for snluucnl;sand
also to assist in the absorption of the sul-
hate of ammonia by the plants : hence il
pens, that the influence of gypsum is
not observable on dry fields and meadows.
In such it would be advisable to employ a
salt of more easy solubility, such as chloride
of caleium.

The decomposition of gypsum by carbo-
nate of ammonia does not place instan-
taneously ; on the contrary, it proceeds very
gradually, and this explains why the action
of the gﬂmum lasts for several years.

The v:mta.%e of manuring fields with
burned clay, and the fertility of ferruginous
soils, which have been considered as facts
so incomprehensible, may be explained in
an eml]y simple manner. They have been
aseri to the t attraction for water,
exerted b]rdrg y and ferruginous earth ;
but common rfamblﬁelgand pumm u;his

rty in as great a degree : and besides,
%mﬁffinyﬂmeegm be aseribed to a hundred
E:mnds of water spread over an acre of
nd, in a condition in which it cannot be
serviceable either by the roots or leaves?
The true case is this :— ,

The oxides of iron and alumina are dis-
tinguished from all other metallic oxides by
their power of forming solid compounds
with ammonia. The precipitates obtained
by the addition of ammonia to salts of alu-

* The urine of the horse contains, according to
Fourcroy and Vaugueli, in 1000 paris,

Pl TR e W . o pAEIR

Hippurate of soda . . 24

Balts and water . . 979 *
1000 parts.

t Bonssingault, Ann. de Ch. et de Phys. t. Ixiii.
page 243.
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x alumina or oxide of iron also
108sess, in an eminent degree, the remark-
able property of attracting ammonia from
the atmosphere and of retaining it.  Vau-
quelin, whilst engaged in the trial of a crimi-
nal case, discovered that all rust of iron
contains a certain quantity of ammonia.
Chevalier afterwards found that ammonia
is a constituent of all minerals containin
iron ; that even hematite, a mineral whic
is not at all porous, contains one per cent.
of it. Bouis showed also, that the peculiar
odour observed on moistening minerals con-
taining alumina, is partly owing to their ex-
haling ammonia. Indeed, gypsum and
some varieties of alumina, pipe-clay for ex-
ample, emit so much ammonia, when mois-
tened with caustic potash, that even after
they had been exposed for two days, red-
dened litmus paper held over them becomes
blue. Soils, therefore, which contain ox-
ides of iron, and burned clay, must absorb
ammonia, an action which is favoured by
their porous condition ; they further prevent
the escape of the ammonia once absorbed
by their chemical properties. Such soils,
in fact, act precisely as a mineral acid would
do, if extensively spread over their surface ;
with this difference, that the acid would pe-
netrate the ground, enter into combination
with lime, alumina, and other bases, and
thus lose, in a few hours, its property of
absorbing ammonia from the atmosphere.
The addition of burned elay to soils has also
a secondary influence; it renders the soil
porous, and, therefore, more permeable to
air and moisture,

The ammonia absorbed by the clay or far-
ruginous oxides is se]mrnleﬂ{}' every shower
of rain, and conveyed in solution to the soil.

Powdered charcoal possesses a similar ac-
tion, but surpasses all other substances in
the power which it possesses of condensing
ammonia within its pores, particularly when
it has been previously heated to redness.
Charcoal absorbs 90 times its volume of am-
moniacal gas, which may be again separated
Ié)r simply moistening it with water. (De

aussure.) Decayed wood approaches very
nearly to charcoal in this power; decayed
oak wood absorbs 72 times its volume, after
having been completely dried under the air-
pump. We have here an easy and satisfac-
tory means of explaining still further the pro-

.l Y K la"
a hase.

e
o]

perties of humus, or wood in a decaying
state. It is not ouly a slow and constant
source of carbonic acid, but it is also a
means by which the necessary nitrogen is
con to plants,

Nitrogen is found in lichens, which grow
on basaltic rocks. Our fields produce more
of it than we have given them as manure,
and it exists in all kinds of soils and mine-
rals which were never in contact with or-
ganic substances. The nitrogen in these
cases could only have been extracted from
the atmosphere,
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and also into beer. The bran of flour con-
tains the greatest Tlntttit]" of it. It is this
salt which forms large crystalline concre-
ml!’:l- ﬂ'ﬂ-?“ .m“'ﬂting‘ 10 several pe ink:
weight, in the cecum of h
to millers; and wh 1
Wit e

different composition
s, all of which are in combi-
bases, such as potash, soda,

nation with
lime, or magnesia. These bases evidemly
!'Egujlle' the formation of the acids, for the
diminution of the one is followed by a de-
crease of the other: thus in the grape, for
example, the quantity of potash contained
in its juice is less when it is ripe than when
unripe ; and the acids, under the same
circumstances, are found to vary in a
similar manner. Such constituents exist in
small quantity in those parts of a plant in
which the process of assimilation is most
active, as in the mass of woody fibre; and
their quantity is greater in those organs
whose office 1t is to prepare substances con-
veyed to them for assimilation by other
parts. The leaves contain more inorganic
maiters than the branches, and the branches
more than the stem. The potato plant con-
tains more potash before blossoming than
alter it.

The acids found in the different families
of plants are of various kinds; it cannot be
supposed that their presence and peculiari-
ties are the result of accident. The fumaric
and oxalic acids in the liverwort, the kinovic
acid in the China nova, the rocellic acid in
the Ruwm:l liﬂr:ce.torin, the tﬂ.]'tﬁllﬁﬂ acid in

es, an numerous other organic
ﬂ‘i.fs, must serve some end in v ble life.
But 1if these acids cunal:aﬂi]{ex:s_t in vege-
tables, and are necessary to their life, which
is incontestable, it is equally certain that
some alkaline base is also indispensable, in
order to enter into combination with the
acids which are always found in the state of
salts. All plants vield by incineration ashes
containing earbonie acid ; all therefore must
contain salts of an organie acid.*

Now, as we km:-E the cﬂm::t of satura-
tion of organic acids to be unchanging, it
follows tlm quantity of the bases un%ted
with them cannot vary, and for this reason
the latter substances ought to be considered
with the strictest attention both by the agn-
culturist and physiologist.

We have no reason to believe thata plant
in a condition of free and unimpeded growth
produces more of its peculiar acids than it
requires for its own existence; hence, a
plant, on whatever soil it grows, must con-
tain an invariable quantity of alkaline bases.
Culture alone will be able to cause a devia-
tion.

* Salts of organic acids yield carbonates on in-
cineration, if they contain either alkaline or earthy
bases.

in | for another

~CEaadly 2
et g

kaline bases may be substituted
the aetion of all being the same,
Our conclusion is therefore by no means en-
daﬁered by the existence of a particular

1in one plant, which may be absent in
others of the same species. If this inference
be correct, the absent alkali or earth must be
supplied by one similar in its mode of ae-
tion, or in other words, by an equivalent of
another base. The number of equivalents
of these various bases which may be com-
bined with a certain portion of acid must
necessarily be the same, and therefore the
amount of oxygen contained in them must
remain unchanged under all circumstances
and on whatever soil they grow.

Of course, this argument refers only to
those alkaline bases which in the form of
organie salts form constituents of the plants.
Now, these salts are preserved in the ashes
of plants as carbonates, the quantity of
which can be easily ascertained.

It has been distinetly shown, by the analy-
gis of De Saussure and Berthier, that the
nature of a soil exercises a decided influence
on the qunnti:ly of the different metallic ox-
ides contained in the plants which grow on
it; that magnesia, for example, was con-
tained in the ashes of a pine-tree grown at
Mont Breven, whilst it was absent from the
ashes of a tree of the same species from
Mont La Salle, and that even the proportion
of lime and potash was very different.

Hence it has been concluded, (errone-
ously, I believe,) that the presence of bases
exercises no particular influence upon the
growth of plants: but even were this view
correct, it must be considered as a most re-
markable accident that these same analyses
furnish proof for the very opposite opinion.
For although the composition of the ashes
of these pine-trees were so very different,
they contained, according to the analyses of
De Saussure, an equal number of equiva-
lents of metallic oxides ; or, what is the same
thing, the quantity of oxygen contained in
all the bases was in both cases the same.

100 parts of the ashes of the pine-tree

from Mont Breven contained—
Carbonate of Potash 360
£ Lime 4634
i Magnesia 67T

Sum of the carbonates 56°71

Quantity of oxygen in the Potash 041
i o EE Lime a3
L £ " Magnesia 127

Sum of the oxyzen in the bases 901

100 parts of the ashes of the pine from
Mont La Salle contained*—

* According to the experiments of Saussure,
1000 parts of the wood of the pine from Mont
Brevon gave 11°87 ]ﬂrlsof asghes ; the same quan-
tity of wood from Mont La Salle yielded 11-28
parts. From this we might conclude that the two
pines, although brought up in different soils, yet
contained the same quﬁumy of inorganic elements.
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Magnesia I

Sum of the carbonates 5855
Quantity of oxygen in the Potash 085
is i T le B.lu

Sum of the oxvgen in the bases 8:95

The numbers 9:01 and 8-85 resemble each
other as nearly as could be expected even
in analyses made for the very purpose ol
ascertaining the fact above demonstrated
which the analyst in this case had not in
view, :

Let us now compare Berthier’s analyses
of the aches of two fir-trees, one of which
grew in Norway, the other in Allevard (de-
partement de I’Isére). One contained 50, the
other 25 per cent. of soluble salts, A greater
difference in the proportion of the alkaline
bases conld scarcely exist between two to-
tally different plants, and yet even here the

uantity of oxygen in the bases of both was
the same.

100 parts of the ashes of firwood from
Allevard contained, according to Berthier,
ginenn. de Chim. et de Phys. t. xxxii. p.

Potash & Soda 16'8 in which 3-42 must be oxygen.

Lime e 295 e Y] It T
Magnesia - AR B L e -
44.5 12:82

Only part of the potash and soda in these
ashes was in combination with organic
acids ; the remainder was in the form of
sulphates, phosphates, and chlorides. One
hundred parts of the ashes contain 3-1 sul-

huric acid, 42 phosphoric acid, and 0-3

ydrochloric acid, which together neutralize
a quantity of base containing 1-20 oxygen.
This number therefore must be substracted
from 12:82. The remainder 1162 indicates
the quantity of oxygen in the alkaline
bases, combined with organic acids in the
firwood of Allevard.

The firwood of Norway contained in 100
parts,—*

Potash . 14°1 of which 24 would be oxygen.

Soda 207 iy B ety s

Lime o 129 ogegl e &

Magnesia 4-35 LU T T L
5145 12-84

And if the quantity of oxygen of the
bases in combination with sulphuric and
phosphoric acid, wviz. 1-37, be again sub-
stracted from 12-84, 11-47 parts remain as
the amount of oxygen contained in the bases
w‘l_:&-:h were in combination with organic
acids.

—

* This caleulation is exact only in the case
where the quantity of ashes is equal in weight for
a given quantity of wood ; the difference cannot,
however, be admitted to be so great as 1o change
gengibly the above proportions  Berthier has naot
mentioned the proportion of ashes comtained in
the wood.

kable approximations cannc
hﬁﬁe:‘gﬁ?auﬂ ifpur!har e:amma:?g
confirm them in other kinds of

|other explanation than that already given
can be

It is not known 10
ganese, B.'llll -
ph:;inls; but we are
an nesia, can be extrs
paruul[?gtheir structure in the
of organic acids. The same 1St
lime, when not present as insoluble oxz
of lime. It must here be remembered, ths
in plants yielding oxalic acid, the acid
potash never exist in the form of a neu
or quadraple salt, but always as a d

acid salt, on whatever soil they mrm
tariar

The potash in grapes also is more [i
found as an acid sali, viz. cream tar,
(bitartrate of potash,) than in the form of a
neutral compound. As these acids and
bases are never absent from plants, and as
even the form in which they present them
selves is not subject to change, it may b
affirmed that they exercise an important in-
fluence on the developement of the fruits and
seeds, and also on many other functions of
the nature of which we are at present igno-
rant. .
The quantity of alkaline bases existing in
a plant also depends erid&nﬂ? on this eir-
cumstance of their existing only in the form
of acid salts,—for the capacity of saturation
of an acid is constant; and when we see
oxalate of lime in the lichens occupying the
place of woody fibre which is absent, we
must it as certain that the soluble or-
ganic salts are destined to fulfil equally im-
portant though different functions, so much
s0 that we could not conceive the complete
developement of a plant without their m
sence, that is, without the presence of
acids, and consequently of their bases.
From these considerations we must
ceive, that exact and trustworthy examina-
tions of the ashes of plants of the same kind
growing upon different soils Irﬁ]uuldhbe_ ofthe
greatest importance to vegetable physiology’
and would decide whether the acL above
mentioned are the results of an unchanging
law for each family of plants, and whether
an invariable number can be found to ex-
press the guantity of oxygen which each
species of plant contains in the bases united
with organic acids. In all probability such
inquiries will lead to mostimportant results;
for it is clear that if the production of a cer-
tain unchanging quantity of an organie aeid
is required by the peculiar nature of the
organs of a plant, and is necessary 1o its ex-
istence, then potash or lime must be taken
up by it in order to form salts with this acid;
that i’ these do not exist in sufficient quan-
tity in the soil, other bases must supply their
lace; and that the progress of a pﬁmt must
wholly arrested when none are present.
Seeds of the Salsola Kali, when sown in
common garden soil, produce a plant con-
taining both potash and soda; while the

B ops L ER e d L & E —— — R R J
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plants n from the seeds of this contain
only salts of potash, with mere traces of
muriate of soda. (Cadet.)

~ The examples cited above, in whicl
quantity of oxygen contained ‘in

was shown tuE:n he same, lead v

‘not retarded by

¢ bases contained in them.
But iy no means inferred that am

one base could replace all the others whic

are found in a plant in its normal condition.
On the contrary, it is known that certain
bases are indispensable for the growth of a
plant, and these could not be substituted
without injuring its developement. Our in-
ference has been drawn from certain plans,
which can bear without injury this substita-
tion; and it can only be extended to those
plants which are in the same condition. It
will be shown afterwards that corn or vines
can only thrive on soils containing potash,
and that this alkali is perfectly indispensable
to their growth. Experiments have not
been sufficiently multiplied so as to enable
us to point out in what plants potash or soda
may be replaced by lime or magnesia; we
are only warranted in affirming that such
substitutions are in many cases common.
The ashes of various kinds of plants contain
very different quantities of alkaline bases,
such as potash, soda, lime, or magnesia.
When lime exists in the ashes in large pro-
portion, the quantity of magnesia is dimi-
nished, and in like manner according as the
latter increases the lime or potash decreases.
In many kinds of ashes not a trace of mag-
nesia can be detected.

" The existence of vegetable alkalies in com-
bination with organic acids gives great
weight to the opinion that alkaline bases in
general are connected with the developement
of ﬁ]llﬂl.

toes are grown where they are not
supplied with earth, the magazine of inor-
ganic bases, (in cellars, for example,) a true
alkali, called Solanin, of very poisonous
nature, is formed in the sprouts which ex-
tend towards the light, while not the smallest
trace of such a substance can be discovered
in the roots, herbs, blossoms, or fruits of
potatoes grown in fields. (Owo.) In all the
species of the Cinchona, kinic acid is found ;
but the quantity of quinina, cinchonina, and
lime, which they contain is most variable.
From the fixed bases in the products of in-
cineration, however, we may eslimate pretty
accurately the quantity of the peculiar or-
ganic bases. A maximum of the first cor-
responds to a minimum of the latter, as
must necessarily be the case if they mutually
replace one another according to their equi-
valents. We know that different kinds of
opium contain meconic acid in combination
with very different quantities of narcotina,
morphia, codeia, &e., the quantity of one
of these alkaloids diminishing on the increase
of the others. Thus the smallest quantity
of morphia is accompanied by a maximum

of narcotina. Not a trace
can be discovered inp mar

o iR

@ there is-not on this account an absence
' acid, for the meconic is here replaced by

\ - sulphuric acid. Here, also, we have an ex-

ample of what has been before stated, for in
those kinds of opium where both these acids

- | exist, they are always found to bear a cer-

tain relative to one another. At-
tention 1o these facts must be very important
in the selection of scils destined for the cul-
tivation of plants which yield the vegetable
alkaloids.

Now il it be found, as appears to be the
case in the juice of poppies, that an organic
acid may be replaced by an inorganic, with-
out impeding the growth of a plant, we must
admit the probability of this substitution
taking place in a much higher degree in the

‘case of the inorzanic bases.

When roots find their more nﬂfrﬂgiate
base in sufficient quantity, they will take up
less of another.

These phenomena do not show themselves
so frequently in cultivated plants, because
they are subjected to special external condi-
tions for the purpose of the production of
particular constituents or particular organs.

When the soil, in which a white hyacinth
is growing in a state of blossom, is sprinkled
with the juice of the Phytolacca decandra,
the white blossoms assume in one or two
hours a red colour, which again disappears
after a few days under the influence of sun-
shine, and l.lmqr become white and colourless
as before.d The juice in this case evidently
enters into all parts of the plant, without
being at all changed in its chemical nature,
or without its presence being apparently
either necessary or injurious. But this con-
dition is not permanent, and when the blos-
soms have again become colourless, none
of the colouring matter remains; and if it
should oceur that any of its elements were
adapted for the purposes of nutrition of the
plant, then these alone would be retained,
whilst the rest would be excreted in an al-
tered form by the roots.

Exactly the same thing must happen
when we sprinkle a plant with a solution of
chloride ::P potassium, nitre, or nitrate of
strontia; they will enter into the different
parts of the plant, just as the ccloured juice
mentioned above, and will be found in its
ashes if it should be burnt at this period.
Their presence is merely accidental ; but no
conclusion can be hence deduced ag:.inst
the necessity of the presence of other bases
in plants. The experiments of Macaire-
Princep have shown, that plants made to
vegetate with their roots in a weak solution
of acetate of lead, and then in rain water,

* Robiquet did not obtain a trace of meconate
of lime from 300 Ibs. of opium, whilst in other
kinds the quantity was very considerable. Ann.
de Cham. lii. pe 425,

t Biot, in the Comptes rendus des Séances de
I’ Aeadémie des Sciences, 4 Paris, ler Sémestre,

1837, p. 12,
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ter all the salt of lead which

'd. i -|"-:' rmbﬂ[].. T |
therefore, to the soil all matters w
unnecessary to their existence. Again, v
a plant, freely exposed to the i
rain, and sunshine, is sprinkled with a solu-
ton of nitrate of strontia, the salt is ab-
sorbed, but it is again separated by the roots
and removed farther from them by every
shower of rain, which moistens the soil, so
that at last not a trace of it is to be found in
the plant.

Let us consider the composition of the
ashes of two fir-trees as analysed by an acute
and most accurate chemist. One of
grew in Norway, on a soil the constituents
of which never changed, but to which solu-
ble salts, and particularly common salt, were
conveyed 1n great quantity by rain-water.
How did it happen that its ashes contained
no appreciable trace of salt, although we are
certain that its roots must have absorbed it
after every shower?

We can explain the absence of salt in
this case by means of the direct and positive
observations referred to, which have shown
that plants have the power of returning to
the soil all substances unnecessary to their
existence; and the conclusion to which all
the foregoing facts lead us, when their real
value and bearing are apprehended, is that
the alkaline bases existing in the ashes of
plants must be necessary to their growth,
since if this were not the case they would
not be retained.

The perfect developement of a plant, ac-
cording to this view, is dependent on the
presence of alkalies or ine earths; for
when these substances are totally wanting
its growth will be arrested, and when they
are only deficient it must be impeded.

In order to apply these remarks, let us
compare two kinds of trees, the wood of
which contains unequal quantities of alka-
line bases, and we shall find that one of
these grows luxuoriantly in several soils upon
which the others are scarcely able to vege-
tate. For example, 10,000 parts of oak
wood yield 250 parts of ashes, the same
gggntiw of fir wood only 83, of linden wood

, of rye 440, and of the herb of the po-
tato plant 1500 parts.*

Firs and pines find a sufficient quantit
of alkalies in granitic and barren sandy soils
in which oaks will not grow; and wheat
thrives in soils favourable for the linden
tree, because the bases which are necessary
1o bring it to complete maturity, exist there
in sufficient quantity. The accuracy of
these conclusions, so highly important to
agriculture and 1o the cultvation of forests,
can be proved hy the most evident facts.

All kinds of grasses, the Equisetacee, for
example, contain in the outer parts of their
leaves and stalk a large quantity of silicic
acid and potash in the form of acid silicate

* Berthier, Annales de Chimie et de Physique,
t. xxx. p. 248,

these | stracted by the plants is restored during the

f potash. The proportion of this salt does
:-:-Ffary perceptibly in the soil of corn-fields,
because it is ugainnfmnveyedmf d m:ﬁt:uuﬁ
i trefyl ;

o = mgadngw, and henee
rop of grass* on

s, which contain
litle potash, evidently beeause one,of the
constituents indispensable to. he 2
the plants is wamu:ﬁ. Soils fo !
Imaft, grauwacke, a Pﬂﬁhﬂﬂg eri

ibus, the best for meadow d, on ag-
count of the quantity of potash which en
into their composition. The potash

nt ¢

annual irrigation. The potash contained in
the soil itself is inexhaustible 1n companson
with the quantity removed by ts. But
when we increase the crop of grass in a
meadow by means of gypsum, we remove
a greater quantity of potash with the hﬂg
than can under the same circumstances be
restored. Hence it happens that, after the
lapse of several years, the erops of grass on
the meadows manured with ﬁypaum dimi-
nish, owing to the deficiency of potash. But
if the w be strewed from time 10 time
with wood-ashes, even with the lixiviated
ashes which have been used by soap-boilers,
(in Germany much soap 15 made from the
ashes of wood,) then the grass thrives as
luxuriantly as before. The ashes are only
a ﬁns of rz:}mriqg t_he ﬁt:ﬂﬂ]:[ - P
arvest ol grain 18 o eVery lhll.'l!
or forty years from the soil of the Lu ry
l]:eag, b nire?'ing it with the “Ph?i: of the
eath plants (Erica vulgaris) w grow
on it. Thes;rlams during Jue long period
just mentioned collect the potash and soda,
which are conveyed to them by rain-water;
and it is by means of these alkalies that oats,
barley, and rye, to which they are indis-
nﬁrble, are enabled to grow on this sandy
eath. -
The woodeutters in the vicinity of Heidel-
ba}F have the privilege of cultivating the
soil for their own use, after felling the trees
used for making tan. Before sowing the
land thus obtained, the branches, roots, and
leaves, are in every case burned, and the
ashes used as a manure, which is found to
be quite indispensable for the of the
gramn. The soil itsell upon which the oats
grow in this district consists of sandstone ;
and although the trees find in it a quantity
of :llkahne earths _suﬂridcient for their own
sustenance, yet in its ordinary condition it is
incapable of producing grni:ll.Ir
The most decisive proof of the use of stiong
manure was obtained at Bingen (a town on
the Rhine,) where the produce and deve-
lopement of vines were highly increased by

* It would be of importance to exami
alkalies are contained in the ashes afti:enFmT-sT;I::
plants which grow in the humid hollows of downs,
and especially in those of the millet-grass. If
ﬁ:lmhmrbr;mnﬁmd in lﬂ:ms,“}t must certainly be
replac i asin i i
in the Plumbaginee. ooy R
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manuring them with such substancesasshav-
ings of horn, &c. ; but after some the
formation of the wood and leaves decreased
t the great loss of the possessor, to such a
degree that he has long egre
his departure from sual methods. By
the manure e +d bv him

hastened in their growth ; in
oot three years they had exhausted the

': ¢ A m - L. Eﬁﬂnﬂ‘mh f!l.'l'il:, IEE'FE'!,.
and waod, so that none remained for the fu-
ture mpaihh manure not having contained

3ﬂml‘lﬂ

re are vineyards on the Rhine the
plants of which are a hundred years old,
and all of these have been cultivated by
manuring Ihemhw'ith a cow-dung, ? manure
containing a proportion o tash,
although nr{llildr%e nitrogen. All the ];uumsh,
in fact, which is contained in the food con-
sumed by a cow is again immediately dis-
charged in its excrements.

The experience of a proprietor of land in
the vicinity of Gﬁuiulgen offers a most re-
markable example of the incapability of a
soil to produce wheat or s in general,
when it fails in any one of the materials ne-
cessary to their growth. In order to obtain
potash, he planted his whole land with
wormwood, the ashes of which are well
known 1o contain a_large Pmpurliﬂn of the
carbonate of that alkali. The consequence
was, that he rendered his land quite incapa-
ble of bearing grain for many years, in con-

uence of having entirely deprived the
soil of its potash.

The leaves and small branches of trees
contain the most potash; and the quantity
of them which is annually taken from a
wood for the purpose of being employed as
litter,® contain more of that alkali than all
the old wood which is cut down. The
bark and foliage of oaks, for example, con-
tain from 6 to 9 per cent. of this alkali; the
needles of firs and pines, & per cent.

With every Ibs. of firwood which
are yearly removed from an acre of forest,
only from 0-114 to 053 lbs. of alkalies are
abstracted from the soil, calculating the
ashes at 0-83 percent. The moss, however,
which covers the ground, and of which the
ashes are known to contain so much alkali,
continues uninterrupted in its growth, and
retains that potash on the surface, which
would otherwise so easily penetrate with
the rain through the sandy soil. By its de-
cay, an abundant provision of alkalies is
supplied 1o the rootsof the trees, and a fresh
supply is rendered unnecessary.

* [This refers to a custom some time since
very prevalent in Germany although now discon-
tinned. T'he leaves and small twigs of trees
were gleaned from the forests by poor people, for
the purpose of being used as litter for their cattle.
The trees, however, were found to suffer so much
in consequence, that their removal is strictly pro-
hibited. ''he canse of the injury was that stated
in the text.—En.]

41

_ The supposition of alkalies, metallic ox=
ides, or inorganic matter in gngml, being

oduced ts, is enti refuted b
.gle ﬂll-gmm’ﬁ facts. ) .

1t is thought very remarkable, that those
lants of the 3 tribe, the seeds of which
urnish food for man, follow him like the
domestic animals. But saline plants seek
the sea-shore or saline nprin , and the
Chenopodium the dunghill {rom similar
causes. Saline plants require common salt,
and the plants which ﬂgmw only on dung-
hills need ammonia and nitrates, and they
are attracted whither these ean be found,
just as the dung-fly is to animal excrements.
So likewise none of our corn-plants can
bear perfect seeds, that is, seeds yielding
flour, without a large supply of phosphate
of magnesia and ummcnia.su{ulam:es which
they require for their matarity. And hence,
these plants grow only in a soil where these
three constituents are found combined, and
no soil is richer in them than those where
men and animals dwell together; where the
urine and excrements of these are found
corn-plants appear, because their seeds can-
not attain maturity unless supplied with the
constituents of those matters.

When we find sea-plants near our salt-
works, several hundred miles distant from
the sea, we know that their seeds have been
carried there in a very natural manner,
namely, by wind or birds, which have
spread them over the whole surface of the
earth, although they grow only in those
places in which they find the conditions
essential 1o their life.

Numerous small fish, of not more than
two inches in length { Gasterosteus aculeatus,)
are found in the salt-pans of the graduating
house at Nidda (a village in Hesse Darm-
stadt.) No living animal is found in the
salt-pans of Neuheim, situated about 18
miles from Nidda; but the water there con-
tains so much carbonic acid and lime, that
the walls of the graduating house are covered
with stalactites. Hence the egas conveyed
to this place by birds do not find the condi-
tions mnecessary for their developement,
which they found in the former place.*

* The itch-insect (Aearus Scabiei) is considered
by Burdach as the production of a morbid condi-
tion, so likewise lice in children ; the original

eneration of the fresh-water muscle (mytilus) in
E!h&pﬂndn. of sea-plants in the vicinity of salt-
works, of nettles and grasses, of fish in pools of
rain, of trout in mountain sireams, &c., 15 ac-
cordine to the same natural philogopher not im-
possible. A soil consisting of crumbled rocks,
decayed vegetables, rain and salt water, &c., is
here supposed to possess the power of g-eneralinﬁ
ghell-fish, trout, and saltwort (salicormia.) A
inquiry is arrested by such opinions, when propa-
ated by a teacher who enjoys a merited re.{:uu.—
tion, obtained by knowledge and hard labour.
These subjects, however, have hitherte met
with the most superficial observation, ulihnu,i
they well ment strict investigation. The dark,
the secret, the mysterious, the enigmatie, 1s, in
| fact, 100 seducing for the }-é:rmhful and philosophic
D
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- How much more wonderful and inexpli-
B\ic docafitiBif b, that bodics whisksze:

. mained fixed in the strong heatofa
under certain conditions the property "5

volatilizing and, at ordinary temperatures,
of passing into a state, of which we cannot
say whether they have really assumed the
form of a gas or are dissolved in one! Steam
or vapours in general have a very singu
influence in causing the volatilization of
such bodies, that is, of causing them to as-
sume the gaseous form. A liquid during
evaporation communicates the power of as-
suming the same state in a ter or
degree to all substances dissolved in it,
although they do not of themselves possess
that property.

racie acid is a substance which is com-
pletely fixed in the fire; it suffers no change
of weight appreciable by the most delicate
balance, when exposed to a white heat, and,
therelore, it is not volatile. Yet its solution
in water cannot be evaporated by the gen-
tlest heat, without the escape of a sensible
quantity of the acid with the steam. Hence
it is that a loss is always experienced in the
analysis of minerals containing this acid,
when liquids in which it is dissolved are
evaporated. The quantity of boracic aeid
which escapes with a cubie foot of steam,
at the temperature of boiling water, cannot
be detected by our most sensible re-agents;
and nevertheless the many hund tons
annually brought from Italy as an article of
commerce, are procured by the uninter-
rupted accumulation of this apparently in-
appreciable quantity. The hot steam which
issues from the interior of the earth is al-
lowed to pass through cold water in the
lagoons of Castel Nuova and Cherchiago; in
this way the boracic acid is gradoally acen-
mulated, till at last it may be obtained in
erystals by the evaporation of the water. It
15 evident, from the temperature of the
steam, that it must have come out of depths
in which human beings and animals never
could have lived, and yet it is very remarka-
ble and highly important that ammonia is
never absent from it. In the large works in
Liverpool, where natural boracic acid is
converted into borax, many hundred pounds
of sulphate of ammonia are obtained at the
same time.

This ammaonia has not been produced by the
animal organism, it existed before the eveation
of humaen beings; it is a part, a primary
constituent, of the globe itself.

The experiments instituted under Lavoi-
sier’s guidance by the Direction des Poudres
et Salpétres, have proved that during the
evaporation of the saltpetre ley, the salt
volatilizes with the water, and causes a loss
which could not before be explained. It is
known also, that in sea storms, leaves of

mind, which would penetrate the deepest depths
of nature, without the assistance of the shaft or
ladder of the miner.  This is poetry, but not sober
philosophical inquiry.

v - hang he sea always containg
:.:mtghufﬁ' stance to make a solution
of nitrate of silver turbid, and every breeze

lar | must this away. Now,

ts in the direction of the wind are
Eluﬂred with crystals of salt, even at the
distance of from 20 to 30 miles from the
gea. But it does not require a storm to
eanse the velatilization of the salt, for the

of tons of sea water annually ev
the atmosphere, a correspon
of the salts dissolved in 1t, viz. of co
salt, chloride of potassium, magnesia,
the remaining constituents of the sea wat
will be conveyed by wind to the land.
This volatilization is a source of con-
siderable loss in salt works, especially where
the proportion of salt in the water is not
large. This has been completely proved at
the salt works of Nauheim, by the ‘ﬁ
intelligent director of that establishment, |
Wilhelmi. He hung a plate of glass be-
tween two evaporating houses, which were
about 1200 paces distant from each other,
and found in the morning, after the dryi
of the dew, that the glass was covered wi
crystals of salt on one or the other side, ac-
cording to the direction of the wind. .
By the continual evaporation of the
its salts* are spread over the whole surface
of the earth; and being subsequently car-
ried down by the rain, furnish to the vegeta-
tion those salts necessary to its existence.
This is the origin of the salts found in the
ashes of plants, in those cases where the
soil could not have yielded them. -
In a comprehensive view of the phe-
nomena of nature, we have no scale for
that which we are accustomed to n
small or great; all our ideas are proporti
to what we see around us, but how insi
nificant are they in comparison mﬂm
whole mass of the globe! that which is
auarcelf_ﬂhaewa;blnl;]in a t:nngned district
appears inconeeivably large when
in its extension through unljmiledmg:ﬂd
The atmosphere contains only a thousandth
part of its weight of earbonic acid ; and yet
small as this proportion appears, it is quite

* According to Marcet, sea-water contains in
1000 parts,
26°660 Chloride of Sodium.
4660 Sullphgln of Seda.
1"232 Chloride of Potassinm.
5152 Chloride of Magnesium.
0153 Bulphate of Lime.
According to M’ Clemm, the water of the North
Sea containg in 1000 parts,
E;ﬂ Emmlide n? Sodinm.
; oride of Magnesinm,
206 Eullphute of M?&neain.
125 Chloride of Porassium.
120 Sulphate of Lime.

In addition to these constituents, it also econ-
tains inappreciable quantities of carbonate of lime,
magnesia, iron, manganese, phosphate of lime,
:indudna wrfd bromides, silica, sulphuretted hy-

rogen, and organic matter, ther wi .
monia and earbonic acid, {Li:lﬁ;'u Aﬂﬂ:l-l:i%r

Chemie, Bd, xxxvii. 8. 3.)
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sufficient to supply the whole of the
generation of fgl?ing' hmmm
a thousand years, even 1f it were not re-
newed. Sea-water contains gy of its
weight of carbonate of lime g
w, although seg
piqund,_ is

air contains only from 4 to 6
en-thousandth paris of its volume of car-
acid, sea-water contains 1000 times
more, (10,000 volumes of sea-water contain
Bonillon. %) g o
illon, ; mmonia® is also
found in this water, so that the same condi-
tions which sustain living beings on the land
are combined in this medium, in which a
whole world of other plants and animals
exist,

The roots of planis are constantly en-
gaged in collecing from the rain those
alkalies which formed part of the sea-water,
and also those of the water of springs,
which penetrates the soil. Without alkalies
and line bases most plants could not
exist, and without plants the alkalies would

:mlvpenr gradually from the surface of the

When it is considered, that sea-water con-
tains less than one-millionth of its own
weight of iodine, and that all combinations
of iodine with the metallic bases of alkalies
are highly soluble in water, some provision
must necessarily be supposed to exist in the

nization of sea-weed and the different
kinds of Fuei, by which they are enabled
during their life to extract 1odine in the
form of a soluble salt from sea-water, and
to assimilate it in such a manner, that it is
not again restored to the surrounding me-
dium. These plants are collectors of iodine,
just asland plants are of alkalies; and they
yield us this element, in quantities such as
we could not otherwise obtain from the
water without the evaporation of whole
seas, .

We take it for granted that the sea-plants
require metallie iodides for their growth, and
that their existence is dependent on the
presence of those substances. With equal
justice, then, we eonclude, that the alkalies
and alkaline earths, always found in the
ashes of land-plants, are likewise necessary
for their developement.

CHAPTER VIIL

THE ART OF CULTURE.

Tue conditions necessary for the life of
all vegetables have been considered in the

* When the solid saline residue obtained by the
evaporation of sea-water is heated in a retort 1o
redness, a sublimate of sal-ammoniac iz obtained.
—MaRcET.

- | peculiar funecu

precedi of the work. bonic acid,
Em:]?i I:a.nl;mum: jmlieleqn'g:nu for all

- organs Certain inorganic
‘in their organism, and

many of them must be viewed as essential
constituents of particular parts.

_The atmosphere and the soil offer the same
kind of nourishment to the leaves and roots.
The former contains a comparatively inex-
haustible suitap»h_.r of carbonic acid and am-
monia; the latter, by means of its humus,
generates constantly fresh earbonic acid,
whilst, during the winter, rain and snow in-
troduce into the soil a quantity of ammonia,
sufficient for the developement of the leaves
and blossoms.

The complete, or it may be said, the abso-
lute insolubility in cold water of vegetable
matter in -:l_i' decay, (humus,) ap-
pears on ¢ consideration to be a most
wise arrangement of nature. For if bumus
possessed even a smaller degree of solubility
than that aseribed to the substance called hu-
mie acid, it must be dissolved by rain-water.
Thus, the [zeaﬂ],r irrigation of meadows,
which last for several weeks, would remove
a great part of it from the ground, and a
heavy and eontinued rain would impoverish
the soil. But it is soluble only when com-
bined with oxygen; it can be taken up by
water, therefore, only as carbonic acid.

When kept in adry place, humus may be
preserved for centuries; but when moist-
ened with water, it converts the surrounding
oxygen into carbonic acid. As soon as the
action of the air ceases, that is, as goon asit is
deprived of oxygen, the humus suffers no far-
ther change. Its decay cheals only when
plants grow in the soil containing it; for
they absorb by their roots the carbonic acid
as it is fumet!. The soil receives again from
living plants the earbonaceous matter it thus
loses, so that the proportion of humus in it
does not decrease.

The stalactitic eaverns in Franconia, and
those in the vicinity of Baireuth, and Streit-

, lie beneath a fertile arable soil; the
abyndant decaying vegetables or humus in
this soil, being acted on by moisture and air,
constantly evolve carbonie acid, which is dis-
solved by the rain. The rain-water thus
impregnated permeates the porous lime-
stone, which forms the walls and roofs of
the caverns, and dissolves in its passage as
much earbonate of lime as corresponds to
the quantity of carbonic acid contained in it.
Water and the excess of carbonie acid eva-
porate from this solution when it has reached
the interior of the caverns, and the limestone
is deposited on the walls and roofs in erys-
talline erusts of various forms. There are
few spots on the earth where so many cir-
cumstances favourable to the production of
humate of lime are combined, if the humus
actually existed in the soil in the form of
humic acid. Decaying vegelable matter,
water, and lime in solution, are brought to-
gether, but the stalactites formed contain no

o
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tinetly heard at the distance of several feet. the carbonic acid which the planis now ah-

lere the carbonic acid rising to.

displaces completely all the air, and conse-
quently all the oxygen, from the soil; and
and without oxygen neither seeds nor roots
can be developed; a plant will not vegetate

7 pla

tly to act as exterior organs
n; its quantity heightens the fer-
- tility of a soil by yielding more nourishment
this first period of growth, and conse-
quently by increasing the number of organs
of a heric nutrition. Those ';Em
which receive their first food from the sub-
stance of their seeds, such as bulbous plants,
could completely dispense with humus ; its
presence is useful only in so far as it in-
creases and a s their developement,
but it is not necessary—indeed, an excess of
it at the commencement of their growth is
In 4 cerlain measure injurious.

The amount of food which young plants
can take from the atmosphere in the form of
carbonic acid and ammonia is limited ; they
cannot assimilate more than the air contains.
Now, il the guantity of their stems, leaves,
and branches has been inereased by the ex-
cess of food yielded by the soil at the com-
mencement of their developement, they will
mtsuire for the completion of their growth,
and for the formation of their blossoms and
fruits, more nourishment from the air than
it can afford, and consequently they will
not reach maturity. In many cases the
nourishment afforded by the air under these
circumstances suffices only to complete the
formation of the leaves, stems, and branches.
The same result then ensues as when orna-
mental plants are transplanted from the pots
in which they have grown to larger ones,
in which their roots are permitted to increase
and muluply. All their nourishment is em-

yed for the increase of their roots and

ves; they spring, as it is said, into an
herb or weed, but do not blossom. en,
on the contrary, we take away part of the
branches, and of course their leaves with
them, from d trees, since we thus pre-
vent the developement of new branches, an
excess of nutriment is artificially procured
for the trees, and is employed by them in
the increase of the blossoms and enlargement
of the fruit. It is to effect this purpose that
vines are pruned. y

A new and peculiar process of vegetation
ensues in all perenmal plants, such as
shrubs, fruit and forest trees, after the com-
plete maturity of their fruit. The stem of
annual plants at this period of their growth
becomes woody, and their leaves change in
colour. The leaves of trees and shrubs, on
the contrary, remain in activity until the com-
mencement of the winter. The formation
of the layers of wood progresses, the wood
becomes harder and more solid, but after
August the leaves form no more wood; all

the surface | sorb is employed for the production of nu-
tritive matter for the following year: instead

of woody fibre, starch is formed, and is dif-

fused through every part of the plant by the
autumnal sap (sive d’Aoit.)? Aw::din
to the observations of M. Heyer, the mmﬁ

thus deposited in the body of the tree can be
ised in its known form by the aid of a
microscope. The barks of several as-
pens and pine-treest contain so much of this
substance, that it can be extracted from them
H-'s_t'mm tatoes by trituration with water. It
exists also in the roots and other pansnf{r&-
rennial plants. A very early winter, or sudden
change of temperature, prevents the forma-
tion of this provision for the following year;
the wood, as in the case of the vine-stock,
does not ripen, and its growth is in the next
year very himited.

From the starch thus accumulated, sugar
and gum are produced in the succeeding
spring, while from the gum those constitu-
ents of the leaves and young sprouts which
contain no nitrogen are in their turn formed.
After potatoes have germinated, the quantity
of starch in them is found diminished. The
juice of the maple-tree ceases to be sweet

rom the loss of its sugar when its buds,
blossoms, and leaves attain their maturity.

The branch of a willow, which contains
a large quantity of granuies of starch in
every part of its woody substance, puts forth
both roots and leaves in pure distilled rain-
water; but in proportion as it grows, the
starch disappears, it being evidently ex-
hausted for the formation of the roots and
leaves. In the course of these expeniments,
M. Heyer made the interesting observation,
that such branches when placed in snow-
water (which contains ammonia) produced
roots three or four times longer than those
which they formed in pure distilled water,
and that this pure water remained clear,
while the rain-water gradually acquired a
yellow colour.

Upon the blossoming of the sugar-cane,
likewise, part of the sugar disappears; and
it has been ascertained, that the sugar does
not accumulate in the beet-root until after
the leaves are completely formed.

Much auention Fms recently been drawn
to the fact that the produce of potatoes may
be much increased by plucking off the blos-
soms from the plants producing them, a
result quite consistent with theory. This
important observation has been completely
confirmed by M. Zeller, the director of the
Agricultural Sncia‘tjy at Darmstadt. In the
year 1839, two fields of the same size, lying
side by side and manured in the same man-
ner, were planted with potatoes. When the
plants had flowered, the blossoms were re-

* Hartig, in Erdmann und Schweiggzer-Seidels
Journal, V. 217. 1835. :

T It is well known that bread ia made from the
bark of pines in Sweden during famines.
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moved from those in one field, while those
in the other field were left untouched. The
former produced 47 bolls, the lauer only 37
bolls. -

‘These well-authenticated observations re-
move every doubt as to the part which sugar,
starch, and gum play in the developement of
plants; and it ceases to be enigmatical, why
these three substances exercise no influence
on the growth or process of nutrition of a
matured plant, when supplied to them as
food.
The accumulation of starch in plants
durine the antumn has been compared, al-
though certainly erronecusly, to the fatten-
ing of hibernating animals before their winter
sleep; but in these animals every vital fune-
tion, except the Emness of respiration, is
suspended, and they only require, like a
lamp slowly burning, a substance rich in
carbon and hydrogen to support the pro-
cess of combustion in the lunﬁ-a. On their
awaking from their torpor in the spring, the
fat has disappeared, but has not served as
nourishment. It has not caused the least
increase in any part of their body, neither
has it changed the quality of any of their
organs, With nutrition, properly so called,
the fat in these animals has not the least
connexion.

The annual plants form and colleet their
future nourishment in the same way as the
E}emnnial; they store it in their seeds in the

rm of vegetable albumen, starch and gum,
which are used by the germs for the forma-
tion of their leaves and first radicle fibres.
The proper nutrition of the plants, their in-
crease in size, begins after these organs are
formed.

Every germ and every bud of a perennial
plant is the engrafied embryo of a new indi-
vidual, while the nutriment accumulated in
the stem and roots, corresponds to the albu-
men of the seeds.

Nutritive matters are, correctly speaking,
those substances which, when presented
from without, are capable of sustaining the
life and all the functions of an organism, by
furnishing to the different parts of plants the
materials for the production of their peculiar
constituents.

In animals, the blood is the source of the
material of the muscles and nerves; by one
of its component parts, the blood supports
the process of respiration, by others, the

culiar vital functions every part of the

y is supplied with nourishment by it,
but its own production is a special function,
without which we could not coneeive life
to continue. [f we destroy the activity of
the organs which produce it, or il we inject
the blood of one animal into the veins of
another, at all events, if we carry this be-
yond certain limits, death is the consequence.

If we could introduce into a tree woody
fibre in a stale of solution, it would be the
same thing as placing a potato plant 1o
vegetate in a paste of starch. The office of

the leaves is to form starch, woody fibre,
and sugar; consequently, if we conv these
substances through the roots, the vital fune-
tions of the leaves must cease, and if the

rocess of assimilation cannot take another

orm, the plant must die. et
Other Eﬁﬁ;mﬁ L be present in a

plant, besides the starch, suga

these are to take part in the deve ]

of the , leaves, and fir:

There is no doubt that a grain of w
tains within itsell the component p
the germ and of the radicle fibres, and,
must suppose, exactly in the proportion ne-
cessary for their formation. These compc
nent parts are starch and gluten; and it is
evident that neither of them alone, but that
both simultaneously assist in the formation
of the root, for they both suffer changes
under the action of air, moisture, and a suit-
able temperature. The starch is converted
into sugar, and the gluten also assumes a
new form, and both acquire the capability of
being dissolved in water, and of thus ﬂ
conveyed to every part of the plant.
the starch and the gum are completely con-
sumed in the formation of the rt of
the roots and leaves; and excess ol either
could not be used in the formation of leaves,
or in any other way. '
The conversion of starch into sugar during
the germination of grain is ascribed to a
vegetable principle called diestase, which is
generated during the act of commencing
germination. But this mode of transforma-
tion can also be effected by gluten, alth
it requires a longer time, s, which have
germinated, always contain much more dias-
tase than is necessary for the conversion of
their starch into sugar, for five parts by weight
of starch can be con into sugar by one
partof malted barley. This excess of diastase
can by no means be rded as accidental,
for, like the starch, it aids in the formation
of the first organs of the young plant, and
disappears with the sugar; diastase contains
nitrogen and furnishes the elements of ve-
getable albumen. !
Carbonic acid, water, and ammonia, are
the food of fully-developed planis; swreh,
sugar, and gum, serve, when accompanied
by an azotised substance, to sustain the em-
bryo, until its first organs of nutrition are
unfolded. The nutrition of a feetus and de-
velopement of an egg proceed in a totally
different manner from that of an animal
which is separated from its parent; the ex-
clusion of air does not endanger the life of
the fetus, but would certainly cause the
death of the independent animal. In the
same manner, pure water is more advan-
tageous to the growth of a young plant,
than that containing carbonic acid, gut after
a month the reverse is the case. '
The formation of sugar in maple-trees
does not take place in 1E: roots, but in the
woody substance of the stem. The quantity
of sugar in the sap augments until it reaches
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a certain height in the stem of the plant,
abgve which point it remain.lae ionary.
ust as germinating barley uces a
substance which, in mnt:qtrw[;lrgﬂ starch,
causes it to lose its insolubility and to be-
come sugar, so in the roots of 1 .
the commencemen vegels
stance must be for ~whi
solved in water, ps meates the
Whatever it may be, which it finds deposited
here. It is certain, that when a is
bored into the trunk of a maple-tree _‘::at
above its roots, filled with sugar, and then
closed again, the sugar is dissolved by the
ascending sap. It is further possible that
this sugar may be disposed of in the same
manner as that formed in the trunks; at all
events it is certain, that the introduction of
it does not prevent the action of the juice
upon the starch, and since the quantity of
the sugar present is now ter than can
be exhausted by the leaves and buds, it is
excreted from the surface of the leaves or
bark. Certain diseases of trees, for example
that called honey-dew, evidently depend on
the want of the due proportion between the
quantity of the azotised and that of the un-
azotised substances which are applied to
them as nutriment.
In whatever form, therefore, we supply

plants with those substances which are the

roduects of their own action, in no instance
o they appear to have any effect upon their

rowth, or to replace what they have lost.
gug&r, gum, and starch, are not food for
plants, and the same must be said of humic
acid, which is so closely allied to them in
composition.

i
- el
ned, whic

the bark, roots, leaves, and branches. The
exudations of mannite, gum, and sugar, in
strong and healthy Elanta cannot be ascribed
to any other cause.

« Analogous phenomena are presented by
the process of digestion in the human or-
ganism. In order that the loss which every
part of the body sustains by the processes
of respiration and perspiration may be re-
stored to it, the organs of digestion require
to be supplied with food, consisting of sub-
stances containing nitrogen, and of others
destitute of it, in_ definite proportions. If
the substances which do not contain nitrogen
preponderate, either they will be exﬁmn ed
m the formation of fat, or they will pass

unchanged through the orgapism. This is

rticularly observed in those people who

ve almost exclusively upon potatoes; their

excrements contain a large quantity of un-
changed granules of starch, of which no
trace can be detected when gluten or flesh
is taken in proper proportions, beeause in
this case the starch has been rendered capa-
ble of assimilation. Potatoes, which when
mixed with hay alone are scarcely capable
of supporting the strength of a horse, form
with bread and oats a strong and wholesome
fodder.

It will be evident from the preceding con-
siderations, that the products generated by
a plant may vary exceedingly, according to
the substances given it as food. A super-
abundance of carbon in the state of carbonic
acid conveyed through the roots of plants,
without being accompanied by nitrogen,
cannot be converted either into gluten, al-
bumen, wood, or any other component part
of an organ ; but either it will be separated

If now we direct our attention to the par- | in the form of excrements, such as sugar,

ticular organs of a plant, we find every libre
and every particle of wood surrounded by a
juice containing an azotised matter; while
starch, granules, and sugar are enclosed
in cells formed of a substance containing ni-
trogen. Indeed every where, in all the juices
of the fruits and blossoms, we find a sub-
stance destitute of nitrogen, accompanied
by one which contains that element.
The wood of the stem cannot be formed,
i wood, in the leaves, but another sub-
stance must be produced which is capable
of being transformed into wood. This sub-
stance must be in a state of solution, and
accompanied by a eompound containing ni-
trogen; il is very probable that the wood
ar:ggthu vegetable gluten, the starch granules
and the cells containing them, are formed
simultaneously, and in this case a certain
fixed proportion between them would be a
condition necessary for their production.
Aceording to this view, the assimilation
of the substances generated in the leaves
will (ceeteris paribus) depeml on the quan-
ity of nitrogen contained in the food. When
a sufficient quantity of nitrogen is not pre-
sent to aid in the assimilation of the sub-
stances which do not contain it, these sub-

stances will be separated as excrements from

' starch, oil, wax, resin, mannite, or gum, or

these substances will be deposited in greater
or less quantity in the wide cells and vessels.

The quantity of gluten, vegetable albu-
men, and mucilage, will avgment when
plants are supplied with an excess of food
containing nitrogen ; and ammoniacal salts
will remain in the sap, when, for example,
in the culture of the beet, we manure the
soil with a highly nitrogenous subsiance, or

when we suppress the functions of the leaves
by removing them from the plant.

We know that the ananas is scarcely
eatable in its wild state, and that it shoots
forth a great quantity of leaves when treated
with rich animal manure, without the fruit
on that account aequiring a large amount
of sugar; that the quantity of starch in po-
tatoes increases when the soil contains much
humus, but decreases when the soil is ma-

* M. T'rapp, in Giessen, possesses a Cleroden-
dron fragrans, which grows in the house, and ex-
udes on the surface of its leaves in September
large colourless drops of sugar-candy, which form

regular erystals upon drying ;—I am not aware
whether the juice of this 'plml containg sugar.
Professor Redtenbacher, of Prague, informs me
that he has analysed the crystals, and found them
to be perfectly pure sugar.—Ebp.

———— — — e —
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ﬁrﬁ];f the only difference which can be ob-
served being in its height and size, in the
number of m_!wn%_ branches, leaves, blos-
soms, and fruit. Whilst the individual or-
gt:s of a plant increase on a fertile soil,

y diminish on another where those sub-
for thei

the proportion ﬂf‘ﬂi.e constituents which
113 T }s‘e‘ﬁ.l]ld of those which do not
ints varies with the amount of nitro-

stances which are ne

P e o o ]
pement of the stem, leaves,

I:lnam_:rms, and fruit of plants is dependent on
certain conditions, the know of which
enables us 1o exercise some influence on
their internal constituents as well as on their
size. It is the duty of the natural philoso-
?her to discover what these conditions are;
or the fundamental principles of agriculture
must be based on a knowledge of them.
There is no profession which can be com-
pared in importance with that of agricul-
ture, for to it belongs the production of food
for man and animals; on it depends the
welfare and developement of the whole
human species, the riches of states, and all
commerce. There is no other profession in
which the application of correct principles
is productive of more beneficial efiects, or is
of greater and more decided influence.
Hence it appears quite unaccountable, that
we may vainly search for one leading prin-
ciple in the writings of agriculturists and
vE.%tahle physiologists.

he methods employed in the cultivation
of land are different in every country, and
in every district; and when we inquire the
causes of these differences, we receive the
answer, that they depend upon ecircum-
stances. (Les circonstances font les assole.
ments.) No answer could show ignorance
more plainly, since no one has ever yet de-
voted himself to ascertain what these cir-
cumstances are. Thus also when we inquire
in what manner manure acts, We are an-
swered by the most intelligent men, that its
action is covered by the veil of Isis; and
when we demand further what this means,
we discover merely that the excrements of
men and animals are supposed to contain
an incomprehensible ing which assists
in the nutrition of plants, and increases their
size. This opinion is embraced without
even an attempt being made to discover the
component parts of manure, or to become
acquainted with its nature.

In addition to the general conditions, such |
as heat, light, moisture, and the component
parts of the atmosphere, which are neces-
sary for the growth of all plants, certain
substances are found to exercise a peculiar
influence on the pement of particular
families. These substances either are al-
ready contained in the soil, or are supplied
to it in the form of the matters known under
the general name of manure. But what
does the soil contain, and what are the com-
ponents of the subsmnc?-gﬂ used as manure? |

Until these points are satisfactorily deter-
mined, a rational system of agriculture can-
notexist. The power and knowledge of the
physiologist, of the grinu]tunatand chemist
must be united for the complete solution of
these questions ; and in to attain this
end, a commencement must be made,

The general object of agriculture is to
produce in the most advantageous manner
certain qualities, or a maximum size, in
certain parts or organs of particular ;Il]l&nts.
Now, this object can be attained only by the
application of those substances which we
know to be indispensable to the developement
of these parts or organs, or by supplying the
conditions necessary to the production of the
qualities desired.

The rules of a rational system of agricul-
ture should enable us, therefore, to give to
each plant that which 1t requires for the at-
tainment of the object in view.

The special nl:i'ect of agriculture is to ob-
tain an abnormal developement and IP!‘GIII.E—
tion of certain parts of plants, or of certain
vegetable matters, which are employed as
food for man and animals, or for the pur-
pose of industry.

The means employed for effecting these
two purposes are very different. Thus the
mode of culture, employed for the purpose
of procuring fine pliable siraw for Floren-
tine hats, is the very opposite to that which
must be adopted in order lo produce a maxi-
mum of corn from the same plant. Peculiar
methods must be used for the production of
nitrogen in the seeds, others for giving
strength and solidity to the straw, and others
again must be followed when we wish to
give such strength and solidity to the straw
as will enable 1t to bear the weight of the
£ars.

‘We must proceed in the culture of plants
in precisely the same manner as we do in
the fattening of animals. The flesh of the
stag and roe, or of wild animals in general,
is quite devoid of fat, like the muscular flesh
of the Arab; or it contains only small quan-
tities of it. The production of flesh and fat
may be artificially increased; all domestic
animals, for example, contain much fat.
We give food to animals, which increases
the acuvity of certain organs, and is itself
capable of being transformed into fat. We
ar:lg to the t}uamily of food, or we lessen the
processes of respiration and perspiration by
preventing motion. The conditions neces-
sary to effect this purpose in birds are dif-
ferent from those in quadrupeds; and it is
well known that charcoal powder produces
such an excessive growth of the liver of a
goose, as at length causes the death of the
animal. + Ay

The inerease or diminution of the vital
activity of vegetables depends only on heat
and solar IEFM’ which we have not arbitra-
rily at our di
supply those substances which are adapted
for assimilation by the power already pre-
sent in the organs of Et.he plant. But what

sposal : all that we can do is o

e
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A thousandth part of loam mixed with

the quartz in new red sandstone, or with
the in the different limestone forma-
tions, affords as much to a soil only
twenty inches in depth as is sufficient to

PR ey St i oo e
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‘minerals with ehalk and sand in such a pro-
portion as to give free access to air and
moisture. The land in the vicinity of Vesu-
wvius may be considered as the type of a fer-

tile soil, and its fertility is greater or less in
different parts, according to the proportion
of clay or sand which it contains.

The soil which is formed by the disinte-
gration of lava, cannot possibly, on account
of its origin, contain the smallest trace of
vegetable matter, and yet it is well known
that when the volcanic ashes have been ex-
posed for some time to the influence of air
and moisture, a soil is gradually formed in
which all kinds of plants grow with the
ereatest luxuriance. This fertility is owing
to the alkalies which are contained in the
lava, and which by exposure to the weather
are rendered capable of being absorbed by
plants. Thousands of years have been ne-
cessary to convert stones and roeks into the
soil of arable land, and thousands of years
more will be requisite for their perfect re-
duction, that is, for the complete exhaustion
of their alkalies.

We see from the composition of the water
in rivers, streamlets, and springis, how little |
rain-water is able to extract alkali from a
soil, even after a term of years ; this water
18 y soft, and the common salt,
which even the softest invariably contains,
proves that those alkaline salts, which are
carried to the sea by rivers and streams,
are returned again to the land by wind and
rain

Nature itself shows us what plants re-
quire at the commencement of the develope-
ment of their germs and first radicle fibres.
Bequerel has shown that the gramine,
ecuminose, erucifere, cichoraces, umbelli-
eree, conifere, and cucurbitacee emit acetic
acid during germination. A r]:mt which
has just broken through the soil, and a leaf
just burst open from the bud, furnish ashes

incineration, which contain as much,
and generally more, of alkaline salts than
at any permdl' of their life. (De Saussure.)
Now we know also, from the experiments
«of Bequerel, in what manner these alkaline
salts enter young plants; the acetic acid
formed during germination is diffused |
h the wet or moist soil, becomes

saturated with lime, in, and alkalies,
and is again absorbed by the radicle fibres
in the form of neutral sa After the ces-

sation of life. when plants are subjected to|
decomposition by means of decay and putre- .

a1

faction, the soil receives again that which
had been extracted from it.

Let us suppose that a soil has been formed
by the action of the weather on the compo-
nent parts of granite, grauwacke, mountain
limestone, or porphyry, and that nothing has

; on it for thousands of years.

a | Now this soil would become a magazine of

alkalies in a condition favourable for their
assimilation by the roots of plants.

The interesting iments of Struve
have proved that water impregnated with
carbonic acid decomposes rocks which con-
tain alkalies, and then dissolves a part of
the alkaline carbonates. It is evident that
EED“ also, by producing ecarbonic acid

ring their decay, and by means of the
acids which exude from their roots in the
living state, contribute no less powerfully to
destroy the coherence of rocks. Next to the
action of air, water, and change of tempera-
ture, plants ﬂ!emeives are the most power-
ful hage:nta in effecting the disintegration of
rocks.

Air, water, and the change of temperature

the different species of rocks [or
vielding to plants the alkalies which they
contain. A soil which has been exposed
for cenluries to all the influences which
affect the disintegration of rocks, but from
which the alkalies have not been removed,
will be able to afford the means of nourish-
ment to those vegetables which require
alkalies for its growth during many years;
but it must gradually become exhausted,
unless those alkalies which have been re-
moved are again replaced ; a period, there-
fore, will arrive when it will be necessary
1o expose it from time to time to a farther
disintegration, in erder to obtain a new sup-
ply of soluble alkalies. For small as is the
quantity of alkali which plants require, it is
nevertheless quite indispensable for their
perfect developement. But when one or
more years have elapsed without any alka-
lies having been extracted from the soil, a
new harvest may be ex]med.

The first colonists of Virginia found a
country the soil of which was similar to that
mentioned above; harvests of wheat and
tobaeco were obtained for a century from
one and the same field, without the aid of
manure ; but now whole districts are con-
verted into unfruitful pasture-land, which
without manure produces neither wheat nor
tobaceo. From every acre of this land there
were removed in the space of one hundred
years 12,000 lbs. of alkalies in leaves, grain,
and straw ; it became unfruitful, therefore,
beeause it was deprived of every particle of
alkali, which had been reduced to a soluble
state, and because that which was rendered
soluble again in the space of one year was
not sufficient to satisfy the demands of the

lants. Almost all the eulivated land in
urope is in this condition ; fallow is the
term applied to land left at rest for farther
disintegration. It is the greatest possible
mistake to suppose that the temporary dimi-
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8:54 parts (Schrader;) and one hundred
parts of the stalks of oats, only 442;—the
n;lliaea of all these are of the same compo-
sition.

We have in these facts a clear proof of
what plants require for their growth. Upon
the same field, which will yield only one
harvest of wheat, two crops of barley and
three of oats ma&h& mﬂmdl.”

I plants of the grass kind require sili-
te of potash. Now this is conveyed to
“the soil, or rendered soluble in it by the irri-
~gation of meadows. The equiselacee, the
reeds and species of cane, for example,
which contain such large quantities of sili-
ceous earth, or silicate o h, thrive
luxuriantly in marshes, in argillaceous soils,
and in ditches, streamlets, and other places
where the change of water renews con-
stantly the supply of dissolved silica. The
amount of silicate of potash removed from
a meadow in the form of hay is very con-
siderable. We need only call to mind the
melted vitreous mass found on a meadow
between Manheim and Heidelberg after a
thunder-storm. This mass was at first sup-
d to be a meteor, but was found on ex-
amination (by Gmelin) to consist of silicate
of potash; a flash of lightning had struck a
stack of hay, and nothing was found in its
place except the melted ashes of the hay.

Potash is not the only substance necessa
for the existence of most plants; indeed 1
has been already shown that the potash may
be replaced in many cases by soda, magne-
sia, or lime; but other substances besides
alkalies are required to sustain the life of
plants. &

Phosphoric acid has been found in the
ashes of all plants hitherto examined, and
always in combination with alkalies or alka-
line earths.®* Most seeds contain certain

uantities of phosphates. In the seeds of
giﬂ"erent kinds of corn particularly, there is
abundance of phosphate of magnesia.

Plants obtain their phosphorie acid from
the soil. It is a constituentof all land capa-
ble of cultivation, and even the heath at
Liineburg contains it in appreciable quan-
tity. Phosphoric acid has been detected

* Professor Connall was lately kind enough to
ghow me about half an ounce of a saline powder,
which had been taken from an interstice in the

of a piece of teak timber. It consisted es-
gentiall phosphate of lime, with small quan-
tities of carhonate of lime and phosphate of mag-
nesia.  This powder had been sent to Sir David
Brewster fromn India, with the assaranee that it
was the same substance which usually is found 1n
the hollows of teak timber. It has long been
known that silica, in the form of tabashkeer, is se.
creted by the bamboo; but I am not aware that
phosphates have been found in the same condi-
tion, Without mare preeise information, we must
therefore suppose that they are leftin the hollows
by the d&ﬂﬂ-{ of the wood. Decay is a slow
cess of eombustion, and the incombusiible ashes
must remain after the orﬁ:ic_ matter has been
consumed. But if thiz explanation be ecorrect, the
wood of the teak-tree must contain an énormous

quantity of earthy phosphates.—Enp.

also in all mineral waters in which its pre-
sence has been lested; and in those in
which it has not been found it has not been
sought for. The most superficial strata of
the deposits of sulphuret of lead (galena)
contain erystallised plmsﬁham of lead (green-
lead ore ;) clay-slate, which forms extensive
strata, is covered in many es with crys-
tals of phosphate of alumina (Wavellite ;)
all its hmu?'li' mr&ued-imn?erli;id ':rith it
Phosphate of lime ?aﬁu is found even
in the voleanic hu‘l::l ers -n}n the Laacher
See in the Eifel, near Andernach.*

The soil in which plants grow furnishes
them with phosphorie acid, and they in turn
yield itto animals, to be used in the forma-
tion of their bones, and of those constituents
of the brain which contain phosphorus.
Much more phosphorus is thus afforded 1o
the body than it requires, when flesh, bread,
[ruit, and husks of grain are used for food,
and this excess is eliminated in the urine
and the solid excrements. We may form
an idea of the quantity of phosphate of
magnesia contained in grain, when we con-
sider that the concretions in the ceeum of
horses consist of phosphate of magnesia
and ammonia, which must have been oh-
tained from the hay and cats consumed as
food. Twenty-nine of these stones were
taken after death from the rectum of a horse
belonging to a miller, in Eberstadt, the total
weight of which amounted to 3 lbs. ; and
De. F. Simon has lately described a similar
concretion found in the horse of a carrier,
which weighed 14 Ib.

It is evident that the seeds of corn could
not be formed without phosphate of magne-
gia, which iz one of their invariable con-
stituents; the plant could not under such
circumstances reach matarity.

Some plants, however, extract other mat-
ters from the soil besides silica, potash, and
phosphoric acid, which are essential con-
stituents of the plants ordinarily cultivated.t
These other malters, we must suppose,
supply, in part at least, the place and per-
form the functions of the substanees just
named. We may thus regard common salt,
sulphate of potash, nitre, chloride of potas-
sium, and other matlers, as necessary con-
stituenis of several plants.

Clay-slate contains generally small quan-
tities of oxide of copper; and soils formed
from micaceous schist conlain some metallic
fluorides. Now, small quantities of these
substances also are absorbed into plants, al-
though we cannot affirm that they are ne-
cessary to them.

It appears that in certain cases flouride of
calcium may take the place of phosphate
of lime in the bones and teeth ; at least it is
impossible otherwise to explain its constant
presence in the bones of antediluvian ani-

pro- | mals, by which they are distinguiished from

* See the analyses of soils in the Appendix.
t For more minute information regarding eoila
gee the supplementary t:hngtm at the end of Part 1.
E
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to lie uncultivated for a year. During this
interval of rest, the soil fn agmm,
h:;la nrml'-inal Fanii‘rtf., s oo T

T been further observed, that certain
plants, such as clover, and flax, thrive
on the same soil only after a lapse of years;
whilst others, such as hemp, ﬂacm'
mubm ,rye, and oats may be culti-

m Ik W) :

.
ol

Y, rye and oats, are considered to be-
m"ie class which impoverish a soil ;
whilst by wheat, hops, madder, late turnips,
teasel, flax, weld, and lico-
i he entirely exhausted.
The excrements of man and animals have
been employed from the earliest times for
the purpose of increasing the fertility of
soils ; and it is completely established by all
experience, that they resiore certain consti-
tuenis io the soil, which are removed with
the roots, fruit or grain, or entire plants
grown upon it.
- Bul it has been observed that the crops are
not always abundant in q:oupultinn to the
uantity of manure erglg yed, even al-
ugh it may have been ol the most power-
ful kind ; that the produce of many plants,
for example, diminishes, in spite n]Y &e a
parent replacement by manure of the su
stanves removed [rom the soil, when they
are cultivated on the same field for several
years in succession.

On the other hand it has been remarked,
that a field which has become unfitted for a
certain kind of plants was not on that ac-
count unsuited for another; and upon this
observation, a system of agriculture has
been ually founded, the principal ob-
_Leg of which 1s to obtain the greatest possi-

produce with the least expense of ma-
nure.

Now it was deduced from all the foregoi
facts that plants require for their grow
different constituents of soil, and 1t was
very soon perceived, that an alternation of
the plants cultivated maintained the fertility
of a soil quite as well as leaving it al rest or
fallow. It was evident that all plants must

ive back to the soil in which they grow
s;lferem proportions of certain substances,
which are capable of being used as food by
a succeeding generation.

But agriculture has hitherto never songht
aid from chemical principles, based on the
knowledge of those substances which plants
extract from the soil on which they grow,
and of those restored to the soil by means of
manure. The discovery of such principles
will be the task of a future generation, for
what can be expected from the present,

which recoils with seeming distrust and
aversion from all the means of Mﬂisl.im:el
offered it by chemistry, and which does not |
understand the art of making a rational ap- |
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plication of chemical discoveries? A future
eneration, however, will derive incaleula.
advantage from these means of help.
Of all the views which have been adopted
?a.rdin the cause of the favourable effects
 the alternations of crops, that proposed
by M. Decandolle alone deserves to be men-
tioned as resting on a firm basis.

- Decandolle f:]p\?:um that the roots of
lants imbibe soluble matter of every kind

om the soil, and thus n ily absorb a
number of substances which are not adapted
to the purposes of nutrition, and must sub-
sequently ex by the roots, and re-
turned to the as excrements. Now, as
excrements cannot be assimi hty the
plant Whmhlficimmd them, the more of these
matters w the soil contains, more
unfertile must it be for the plants of the
same species. These excrementitious mat-
ters may, however, still be capable of assi-
milation ﬁ]r another kind of plants, which
would thus remove them from the soil, and
render it a?a.m fertile for the first. And if
the plants last grown also expel substances
from their roots, which can be appropriated
as food by the former, they will improve the
soil in two ways.

Now a great number of facts appear at
first sight to give a high degree of probabi-
lity to this view. Every gardener knows
that a fruit-tree cannot be made to grow on
the same spot where another of the same
species has stood ; at least not until afier a
lapse of several years. Before new vine-
stocks are planted in a vineyard from which
the old have been rooted out, other plants
are cultivated on the soil for several years,
In connexion with this it has been observed,
that several plants thrive best when growing
beside one another; and on the cnnu-arg,
that others mutually prevent each other’s
developement. Whenee it was concluded,
that the beneficial influence in the former
case depended on a mutual interchange of
nutriment between the plants, and the in-
jurious one in the latter on a poisonous
action of the excrements of each cn the
other respectively.

A senies of experiments by Macaire-
Princep gave great weight to this theory.
He proved beyond all doubt that many
plants are capable of emitting extractive
matter from their roots. He found that the
excretions were greater during the night
than by day (?), and that the water in
which plants of the family of the Legunii-
nosee grew acquired a brown colour.  Plants
of the same species placed in water im-
pregnated with these excrements were im-

in their growth, and faded prema-
turely, whilst, on the contrary, corn-plants
grew vigorously in it, and the colour of the
water diminished sensibly ; so that it ap-
peared as if a certain quantity of the excre-
ments of the Leguniinose had really been
absorbed by the corn-plants. These ex-
periments afforded, as their main result,
that the characters and properties of the ex-
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crements of different species of plants are

- different from one another, and that some

plants expel excrementitious matter of an
acrid and resinous character; others mild
substances resembling gum. The former of
these, according to Macaire-Princep, may
be regarded as poisonous, the latter as nu-
tritious. et ’

The experiments of Macaire-Princep af-
ford positive proof that the roots, probably
of all planis, expel matters, which cannot
be converted in their organism either into
woody fibre, starch, vegetable albumen, or

luten, since their expulsion indicates that
ﬁ}ey are quite unfitted for this purpose.
But they cannot be considered as a confir-
mation of the theory of Decandolle, for they
leave it quite undecided whether the sub-
stances were extracted from the soil, or
formed by the plant itself from food received
from another source. It is certain that the

ummy and resinous excrements observed
Ey Macaire-Princep could not have been
contained in the soil, and as we know that
the carbon of a soil is not diminished by
culture, but, on the contrary, increased, we
must conclude that all excrements which
contain carbon must be formed from the food
obtained by plants from the atmosphere,
Now, these excrements are compounds,
produeed in consequence of the transforma-
tions of the food, and of the new forms
which it assumes by entering into the com-
position of the various organs.

M. Decandolle’s theory is properly a
modification of an earlier hlypnthesis, which
supposed that the roots of different plants
extracted different nutritive substances from
the soil, each plant selecting that which
was exactly suited for its assimilation. Ae-
cording to this hypothesis, the matters in-
capable of assimilation are not extracted
from the soil, whilst M. Decandolle consi-
ders that they are retwrned 1o it in the form
of excrements. Both views explain how it
happens that alter corn, corn cannot be
raised with advantage, nor after peas, peas ;
but they do not explain how a field 15 im-
proved by lying fallow, and this in propor-
tion to the care with which it is tilled and
kept free from weeds; nor do they show
how a soil gains carbonaceous matter by the
cultivation of certain plants, such as lucerne
and sainfoin.

Theoretical considerations on the process
of nutrition, as well as the experience of all
agriculturists, so beautifully illustrated by
the experiments of Macaire-Princep, leave
no doubt that substances are exereted from
the roots of plants, and that these matters
form the means by which the carbon re-
ceived from humus in the early period of
their growth is restored to the soil. But
we may now inquire whether these excre-
ments, in the state in which they are ex-
}-»el]zd, are capable of being employed as

ood by other plants,

The excrements of a carnivorous animal
contain no constituents fitted for the nou-

chment of another of the same species;
]l::':l!: is possible that an herbiverous animal,
gested matters capable of being digested in
their organism, from the very circumsiance
of their organs of digestion having a different
structure. ‘This is the only sense in which
we can conceive that the excrements of one |
animal could yield matier adapted fnuhi
nutrition ?::r 'an?ﬂmr- m ao

A number of substan
food of animals pass through their ali
organs without change, and are
from the system ; these are excrem
not excretions. Now a part of sucl
mentitious matter might be assimila
passing through the digestive appara
another animal. The organs ol se
form combinations of which only the
ments were contained in the food. The
production of these new mm?umﬂl'h?ﬁ
consequence of the changes which the food
undergoes in becoming chyle and
and of the further transformations to which
these are subjected by f:ntem:%' into the
composition of the organism. These mat-
ters, likewise, are eliminated in the excre-
ments, which must therelore consist of two
different kinds of subsiances, namely, of the
indigestible constituents of the food, and of
the new compounds formed by the vital pro-
cess, The latter substances have been pro-
duced in consequence of the formation of
fat, muscular fibre, cerqhml and nervous
substance, and are quite incapable of being
converted into the same substances in any
other animal organism. 17

Exactly similar conditions must subsist in
the vital processes of plants. When sub-
stances which are incapable of being em-
ployed in the nutrition of a plant exist in
the matter absorbed by its roots, they must
be again returned to the soil. Such exere-
ments might be serviceable and even indis-
pensable to the existence of several other
plants. But substances that are formed in
a vegetable organism during the process of
nutrition, which are produeed, therefore, in
consequence of the formation of woody fibre,
starch, albumen, gum, acids, &c., cannot
again serve in any other plants to form the
same constituents of vegetables.

The econsideration of these facts enables
us to distinguish the difference between the
views of Decandolle and those of Maecaire-
Princep. The substances which the former
physiologist viewed as excrements, belonged
to the soil; they were undigested matters,
which although not adapted for the nutrition
of one plant might yet be indispensable to
another. Those matters, on the contrary,
designated as excrements by Macaire-Prin-
cep, could only in one form serve for the
nuirition of vegetables. It is scarcely ne-
cessary to remark that this excrementitious
matter must undergo a change before another
season. Duaring autumn and winter it be-
gins to suffer a change from the influence

of air and water; its putrefaction, and at
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length, by continued contact with the air,
which tillage is the means of procuring, its
decay are effected ; and at the commence-
ment of spring it has become converted,
either in whole or in part, into a substance
which supplies the place of humus, by being
4 constani souree ol carbonie acid.

thhe qumkneu:u;}f w;;:unwhieh this dlit:aynf

e excremenis of plants proceeds depends
on the composition of the soil, and on its
greater or less porosity. It will take place
very quickly in a calcareous soil: for the
Power of organic excrements to attract oxy-
gen and to putrefy is increased by contact
with the alkaline constituents, and by the
general nature of such kinds of soil,
which freely permit the access of air. But
1t requires a longer time in heavy soils con-
sisting of loam or clay.

The same plants can be cultivated with
advantage on one soil after the second year,
but in others not until the fifth or ninth,
merely on account of the change and de-
struction of the excrements, which have an
injurious influence on the plants being com-
pleted in the one, in the second year; in the
others, not until the ninth.

In some neighbourhoods clover will not
thrive till the sixth year, in others not till the
twelfth ; flax in the second or third year.
All this depends on the chemical nature of
the soil, for it has been found by experience
that in those districts where the intervals at
which the same plants can be caltivated
with advantage are very long, the time can-
not be shortened even by the use of the most
powerful manures. The destruction of the
peculiar excrements of one crop must have
taken place before a new crop can be pro-
duced.

Flax, peas, clover, and even potatoes, are
plants the excrements of which, in argilla-
ceous soils, require the ]unﬁest time for their
conversion into humus; but it is evident
that the use of alkalies and burnt lime, or
even small quantities of ashes which have
not been lixiviated, must enable a seoil to
permit the cultivation of the same plants in
a much shorter time.

A soil lying fallow owes its earlier fer-
tility, in part, to the destruction or conver-
gion into humus of the excrements contained
in it, which is effected during the fallow
season, at the samée time that the land is
exposed to a farther disintegration.

n the soils in the neighbourhood of the
Rhine and Nile, which contain mueh pot-
ash, and where crops can be obtained in close
succession from the same field, the fallowing
of the land is superseded by the inundation ;
the irrigation of meadows effects the same
purpose. It is beeause the water of rivers
and streams containg quegen in solution that
it effects the most complete and rapid putre-
faction of the excrements contained in the
soil which it penetrates, and in which it is
continually renewed. If it was the water
alone which produced this effect, marsh
meadows should be most fertile. Hence 1t

8

is not sufficient in irrigating meadows to
convert them into marshes, by covering for
several months their surface with water,
which is not renewed ; for the advantage of
irrigation consisis prineipally in supplying
oxygen to the roots of plants. The quantity
of water necessary for this purpose is very
small, so that it is sufficient to cover the
meadow with a very thin layer, i this be
frequently renewed. :
he cultivation of meadows forms one of
the most important branches of rural eco-
nomy. [Itcontributes materially to the pros-

perity of the agriculturist by increasing his

stock of cattle, and eonsequently by furnish-
ing him with manure, which may ap'!:llil!d
to the augmentation of his . Indeed,
the great progress which has been made in
Germany in the improvement of caule is
mainly attributable to the atiention which is
devoted in that country to the culture of
meadows. The environs of Siegin, in Nas-
sau, are paﬁinulaﬂr famed in this respect,
and every year a large number of young
farmers repair to it, for the purpose of sludf'-
ing this branch of agricullure in situ. In
that district the culture of grass has auained
such great perfection, that the produce of
their meadow-land far exceeds that obtained
in any other part of Germany. This is ef-
fected simply by preparing the ground in
such a manner as to enable it to be irrigated
both in spring and in autumn. The surface
of the soil is fitted to suit the locality, and
the quantity of water which can be com-
manded. Thus if the meadows be situated
upon a declivity, banks of from one to two
feet in height are raised at short distances
from each other. The water is admitted
small channels upon the most elevated bank,
and allowed to discharge itself over the sides
m such a manner as to run upon the bank
sitvated below. The grass grown upon
meadows irrigated in this way is three or
four times higher than that obtained from
fields which are covered with water that is
deprived of all egress and renewal.

t follows from what has preceded that the
advantage of the alternation of crops is ow-
ing to two causes.

A fertile soil ought to afford to a plant all
the inorganic bodies indispensable for its ex-
istenee in sufficient quantity and in such
condition as allows their absorption.

All plants require alkalies, which are
contained in some, in the Graminee for ex-
ample, in the form of silicates; in others,
in that of tartrates, citrates, acetates, or ox-
alates,

When these alkalies are in combination
with silicic acid, the ashes obtained by the
ineineration of the plant contain no carbonie
acid ; but when they are united with organic
acids, the addition of a mineral acid to their
ashes causes an ellervescence.

A third species of plants requires phos-
phate of lime, another phosphate of mag-
nesia,and several do not thrive without car-
bonate of lime.
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mum 5 per cent. In all cases, however,
they were richer in this element than the
excrements of other animals. Berzelius
obtained by the incineration of 100 parts of
dried excrements, 15 of ashes, which
were prm:irally composed of the phosphates
of lime and magnesia. v
The following quantitative organic ana-
lysis l}m recently m&umted ln;ﬁ
poseof ascertaining the proportion o,
nitrogen, and mmgnnmmamr contained in

fiwces, in comparison with the food taken.®
@arhairy
A Carbon . ’ . 4524
H - . :“ﬁ
wﬁ Tﬂﬂ‘l:] o] i
gen {t ot - 3030

Fa i
L] * L] 13.'53

The inorganic matter contained in the
excrements analyzed is nearly two per cent.
less than that found by Berzelius; but the
proportion always varies, according to the
nature of the food.

It is quite eertain that the v ble con-
stituents of the excrements with which we
manure our fields eannot be entirely without
influence upon the growth of the erops on
them, for they will decay, and thus furnish
carbonic acid to the young plants, But it
cannot be imagined that their influence is
very great, when it is considered thata good
soil is manured only once every six or seven
years, or once every eleven or twelve years,
when sainfoin or lucerne has been raised on
it, that the quantity of carbon thus given to
the land corresponds to only 58 per eent. of
what is removed in the form of herbs, straw,
and grain; and farther that the rain-water
received by a soil contains much more car-
bon in the form of carbonic acid than these
v ble constituents of the manure.

‘he peculiar action then, of the solid ex-
crements is limited to their inorganic con-
stituents, which thus restore to a soil that
which is removed in the form of corn, roots,
or grain. When we manure land with the
dung of the cow or sheep, we supply it
with silicate of potash some salts of

hosphoric acid. In human feces we give
it the phosphates of lime and magnesia;
and in those of the horse, phosphate of
magnesia, and silicate of pi . In the
straw which has served as litter, we add a
farther quantity of silicate of potash and
phosphates ; which, if the straw be putre-

ed, are in exactly the same condition in
which they were before being assimilated.

It is evident, therefore, that the soil of a
field will alter but little, if we collect and
distribute the dung carefully ; a certain por-
tion of the posphates, however, must be lost
every year, being removed from the land

* The details of the analysis are as follows:—
2:356 grammes left 0320 gramme ashes after
incineration ; these consisted of the phosphate of
lime and magnesia. 0352 gramme yielded, on
combustion with oxide of copper, 05376
carbonic acid, and 0-218 gram. water. (L. P.)

with the corn and eattle, and this portion
will aceumulate in the neighbourhood of
large towns. The loss thus suflfered must
be com ted for in a well-managed farm,
and this is panly done by allowing the fields
to lie in grass. In Germany, it is considered
that for every 100 acres ol corn-land, there
must, in order to eflect a profitable eultiva-
tiom, be 20 acres of pasture-land, which pro-
duce annually, on an a'reraf[e, 500 Ibs. of
hay. Now, assuming that the ashes of the
excrements of the animals fed with this ha
amount to 6.82 per cent., then 341 Ibs. o
the silicate of lime and posphates of magne-
sia and lime must be yielded by these exere-
ments, and will in a certain measure com-
pensate for the loss which the corn-land had
sustained.

_ The absolute loss in the salts of phgzghn-
ri¢c acid, which are not again replaced, is
:Eﬂmd over s0 great an extent of surface,

t it scarcely deserves to be taken ac-
count of. But the loss of phosphates is
;fu.i.u replaced in the pastures by the ashes

the wood used in our houses for fuel.

We could keep our fields in a constant
state of fertility by n?;]nciug every year as
much as we remove from them in the form
of produce ; but an increase of fertility, and
consequent increase of crop, can only be
obtained when we add more to them than
we take away. It will be found, that of two
fields pla under conditions otherwise
similar, the one will be most fruitful upon
which the plants are enabled to appropriate
more easily and in greater abundance those
contents of the soil which are essential to
their growth and developement.

From the foregoing remarks it will readily
be inferred, that for animal excrements,
other substances containing their essential
constituents may be substituted. In Flan-
ders, the yearly fms of the necessary matters
in the soil is completely restored by covering
the fields with ashes of wood or bones,
which may or may not have been lixiviated,
and of which the greatest part consists of
the phosphates of lime and magnesia. The

reat importance of manuring with ashes
Eas been long recognised by agriculwrisis
as the result of experience, So great a
value, indeed, is attached to this material in
the vicinity of Marburg and in the Wette-
rau,* that it is transported as a manure
from the distance of 18 or 24 miles. Its use
will be at once perceived, when it is eon-
sidered that the ashes, after having been
washed with water, contain silicate of pot-
ash exactly in the same proportion as in
straw QI} 3i 03 4+ K 0.,) and that their
only other constituents are salts of phospho-
ric acid.

But ashes obtained from various kinds of
trees are of very unequal value for this pur-
pose ; those from oak-wood are the least,

* Two well-known agricultural districts ; the
first in Hesse-Cassel, the second in Hesse-Darm-
stadt. =
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very simple manner. An unpoetical hand
has pointed out the cause of wonderful
and apparently inexplicable hd.inuiﬂuﬂ
of the spnnss in Savoy, by which the inha-
bitants cured their goitre ; it was shown that
Il.Jth ::vuntmn sm:]’lﬂ qu}uuu'hties-nf iodine. In
urnt spo or the same purpose
the same :ﬂmt was also detem-lq}iu The
extraordinary efficacy of Peruvian bark was
g:'il;:n debgind on a small q'l_mntitrﬂnf a
ine body existing in it, viz. quinine;

the causes of Em Ja_cu of

- Calico-printers used for a time the
solid excrements of the nwﬁ order to
brighten and fasten colours on cotton goods;
this material appeared quite indispensable,
and its action was ascribed to a latent prin-
ciple which it had obtained from the living
organism. But since its action was known
to depend on the phosphates contained in it,
it has been comp Etel'ﬂ laced by a mix-
ture of salts, in whie “:Ec principal con-
stituents are the phosphates of soda and
lime.*

Now all such actions depend on a definite
cause, by ascertaining which we place the
actions themselves at our command.

It must be admitted as a principle of agri-
culture, that those substances which have
been removed from a soil must be com-
pletely restored to it, and whether this resto-
ration be effected by means of excrements,
ashes,or bones, is in a t measure a mat-
ter of indifference. A time will come when
fields will be manured with a solution of glass,
(silicate of potash,) with the ashes of burnt
straw, and with salts of phosphoric acid,
prepared in chemical manufactories, exactly
as at present medicines are given for fever
and goitre.

There are some plants which require
humus, and do not restore it to the sl by
their excrements ; whilst others can do with-
out it altogether, and add humus to a soil
which contains it in small quantity, Hence
a rational system of agriculture would em-
ploy all the humus at command for the su

ly of the former, and not expe'nd any of it
En‘ the latter; and would in fact ma{e use
of them for supplying the others with
humus. . h )

‘We have now considered all that is requi-
site in a soil, in order to furnish its plants
with the materials necessary for the forma-
tion of the woody fibre, the grain, the roots,
and the stem, and now proceed to the con-
sideration of the most important object of
agriculture, viz. the production of nitrogen
in a form capable of assimilation—the pro-
duction, therefore, of substances containing

* This mixture of zalis iz sold 10 ealico-printers
in large quantities under the name of ** dung sub-
etitme't It wounld be well worth experiment 10
try its effecis as a manure upon land.  Tts cost is
HEI".' or 4d. per pound, and is not, therefore, dearer
than nitrate of soda, which is now so0 extensively
umd.—Eﬂ.

this element. The leaves, which nourish
the woody matter, the roots, from which the
leaves are formed, and which prepare the
substances for entering into the composition
of the fruit, and, in short, every part of the
organism of a plant, contain azotised matter
in very varying proportions, but the seeds
and roots are always particularly rich in
them.

Let us now examine in what manner the
greatest possible produoction of substances
containing nitrogen can be effected. Nature,
by means of the atmosphere, furnishes ni-
trogen to & plant in quantity sufficient for
its normal growth. Now its th must
be considered as normal, when it produces
a single seed capable of reproducing the
same plant in the following year. Sucha
normal condition would sﬁce for the ex-
istence of plants, and prevent their extine-
tion, but they do not exist for themselves
alone; the greater number of animals de-
pend on the vegetable world for food, and
by a wise adjustment of nature, plants have
the remarkable power of converting, to a
certain degree, all the nitrogen offered to
them into nutriment for animals.

We may furnish a plant with carbonic
a-::i_d, and all the materials which it may re-
quire; we may supply itwith humus in the
most abundant quantity ; but it will not at-
tain complete developement unless nitrogen
is aleo afforded to it; an herb will be formed,
but no grain ; even sugar and starch may
he ]gru—:luced, but no gluten.

ut when we give a plant nitrogen in
considerable quantuy, we enable it to attract
with greater energy from the atmosphere
the carbon which is necessary for its nutri-
tion, when that in the soil is not sufficient;
we afford 10 it a means of fixing the carbon
of the atmosphere in s organism.

We cannot ascribe much of the power
of the excrements of black cattle, sheep,
and horses, to the nitrogen which they con-
tain, for its quantity is too minute. But that
contained in the feces of man is proportion-
ably much greater, although by no means
constant. In the faces of the inhabitants of
towns, for example, who feed on animal
matter, there is much more of this consti-
tuent than in those of peasants, or of such
people as reside in the country. The feces
of those who live principally on bread and
potatoes are similar in composition and pro-
perties to those of animals.

All excrements have in this respect a ver
variable and relative value. Thus those o
black cattle and horses are of great use on
soils consisting of lime and sand, which
contain no silicate of potash and phosphates;
whilst their value ismuch less when ngaplied
to soils formed of argillaceous earth, basalt,
granite, porphyry, clinkstone, and even
mountain-limestone, because all these con-
tain potash in considerable quantity. In
such soils human excrements are extremely
beneficial, and increase their fertility in a
remarkable degree; they are, of course, as

|
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advantagecus for other soils also; but for
the manure of those first mentioned, the ex-
crements of other animals are quite indis-
pensable.

OF URIKNE.

We possess only one other natural source
of manure which acts by its nitrogen, be-
sides the feces of animals,—namely, the
urine of man and animals.

Urine is employed as manure either in
the liquid state, or with the fieces which
are impregnated with it. It is the urine
contained in them which gives to the solid
fwces the property of emitting ammonia,—a
property which they themselves possess only
in a very slight degree.

When we examine what substances we
add 1o a soil by su‘rpl]ring it with urine, we
find that this liguid contains in solution am-
moniacal salts, urie acid (a substance con-
taining a large quantity of nitrogen,) and
salts of phosphoric acid.

According to Berzelius 1000 parts of hu-
man urine contain :—

Tres o o omtipe Soe oomioenl Sus  SIEID
Free Lactic acid, Lactate of Ammonia, and
animal matter not separable from them 17°14

Urie acid - - i 1-00
Mucus of the bladder . - o .S 032
Sulphate of Potash my st o gt o b
Sulphate of Soda - - - - 316
Phosphate of Soda - - - 5 . 204
Phosphate of Ammonia - » - 165
Chloride of Sodium e W Ry RS
Muriate of Ammonia - - . = 1:50
Phosphates of Magnesia and Lime - - 100
Sibcionsearth:. - - = .. . 003
Water - - - . - . . 03300

100000

If we subtract from the above the urea,
lactate of ammonia, free lactic acid, urie
acid, the phosphate and muriate of ammo-
nia; 1 per cent. of solid matter remains,
nnnsistinﬁ of inorganic salts, which must

ssess the same action when brought on a
Egld, whether they are dissolved in water or
in urine, Hence the powerful influence of
urine must depend upon its other ingredients,
namely, the urea and ammoniacal salts.
The urea in human urine exists partly as
lactate of urea, and partly in a free state.
(Henry.) Now when urine is allowed 1o
putrely spontaneously, that is, to pass into
that state in which it is used as manure, all
the urea in combination with lactic acid is
converted into lactate of ammonia, and that
which was free, into volatile carbonate of
ammonia.

In dung-reservoirs well constructed and
protected from evaporation, this earbonate
of ammonia is retained in the state of solu-
tion, and when the putrefied urine is spread
over the land, a part of the ammonia will
escape with the water which evaporates,
but another portion will be abso by the
soil, if it contains either alumina or iron;
but in general only the muriate, phosphate,
and lactate of ammonia remain in the

und. It is these alone, therefore, which
Enn;hle the soil to exercise a direct influence
on plants during the progress of their growth,
and not a particle of them escapes WI“E%
sorbed by the roots. . e
On aceount of the formation of this ear-
bonate of ammonia the urine becomes alk;
line, although it is acid in its natural
When it is lost by being volatilized in the
air, which happens in most cases, the los:
suffered is nearly equal to one half of t
weight of the urine employed, so t .
fix it, that is, if we deprive it of its
we increase its action two-fold.
enece of carbonate of ammonia in
urine long since suggested the manul
of sal-ammoniac from this material. W
the lauter salt possessed a high price,
manufacture was even carried on
farmer. For this purpose the liquid o
from dunghills was placed in vessels
and subjecied to distillation; the prod
this distillation was converted into muria
of ammonia by the common methed.
machl]v‘. But it is evident that such a
thoughtless proceeding must be wholly re-
linquished, since the nitrogen of 100 lbs, of
sal-ammoniac (which contains 26 parts ¢
nitrogen) is equal to the quantity of nitroger
contained in 1200 lbs. of the grain of wheat,
1480 Ibs. of that of barley, or 2755 lbs. of
]m%. (Boussingault.) ' H
he carbonate of ammonia formed by the
putrefaction of urine, can be fixed or de-
prived of its volatility in many ways. '
If a field be strewed with gypsum, and
then with putrefied urine or the drainin
of dunghills, all the carbonate of amm
will be converted into the sulphate which |,
will remain in the soil. .
But there are still simpler means of effect-
ing this purpose ;—gypsum, chloride of cal-
cium, sulphuric or muriatic acid, and super-
phosphate of lime, are all substances of a
very low price, and completely neutralise
the urine, converting its ammonia into salts
which possess no volatility. v
Il a basin, filled with concentrated mu-
riatie ac_ld, 15 placed in a common necessary,
so that its surface is in free communication
with the vapours which rise from below, it
becomes filled after a few days with erystals
of muriate of ammonia. The ammonia, the
presence of which the organs of smell am
testify, combines with the muriatic acid
loses entirely its volatility, and thick clouds
or fumes of the salt newly formed hang over
the basin. In stables the same may be seen.
The ammonia that escapes in this manoer
18 not only entirely lost, as far as our
tion 1s concerned, but it works also m-
though not less certain destruction of the
walls of the building. For when in eontact
with the lime u.&f 1h; “‘:Ltmr' it is converted
mto mitric acid, whic ually dissolves
the lime. The injury thmunerto a build-
ing by the formation of the soluble nitrates,
has received (in Germany) a special name
—salpeterfrass.
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The ammonia emitted from stables and
necessaries is always in combination with
carbonic acid. Carbonate of ammonia and
sulphate of lime (gypsum) cannot be brought
together at common temperatures, without
mutual decomposition. 'I_'E:-ammnnipenm
into combination with the sulphuric acid,
and the carbonie acid with the lime, form-
ing compounds which are not volatile, and
consequently destitute of all smell. Now,
if we strew the floors of our stables, from
time to time, with common um, they
will lose all their offensive smell, and none
of the ammonia which forms can be lost,
but will be retained in a condition service-

~as manure.

‘With the exception of urea, uric acid
%tummm ::lntt]ugi: t}mn any other sub-
stance generated by iving organism; it
is soluble in wntar,band mm thus absorbed
by the roots of plants, and its nitrogen as-
similated in the form of ammonia, and of
the oxalate, hydrocyanate, or carbonate of
ammonia.

It would be extremely interesting to study
the tlljm'mt'nﬂll;aﬁnnFs th:ch uric acid suffers
m a livin nt. For the purpose of experi-
ment, lhlf pFllanl should be made to gﬂ}rm
charcoal powder previously heated to red-
ness, and then mixed with pure uric acid.
The examination of the juice of the plant,
or of the component parts of the seed or
fruit, would be a means of easily detecting
the differences.

KIGHT-50IL.

Ix respect to the quantity of ni con-
tained in excrements, 100 parts of the urine
of a healthy man are equal to 1300 parts of
the fresh dung of a horse, according to the
analyses of Macaire and Mareet, and to 600
parts of those of a cow. Hence it is evident
that it would be of much importance to

iculture if none of the human urine were
lost. The powerful effects of urine as a
manure are well known in Flanders,* but
they are considered ivaluable by the Chi-
nese, who are the oldest agricultural people

we know. lndeed so much value is attached | '

10 the influence of human excrements
these people, that laws of the state forbid
that any of them should be thrown away,
and reservoirs are placed in every house, in
which they are collected with the greatest
eare. [MNo other kind of manure is used {or
their corn-fields.t

b}' in that state."’

* See the article ** On the Agriculture of the

Netherlands,” Jours. 1 Agri, Soc., vol, ii.
part 1, page 43, for much interesting information
on this subjeet. 2

+ Davis, in his His of China, states that
every substance convertible into manure is dili-

ntly husbanded. ** The cakes that remain afier
ﬁ;a expression of their vegetable oils, horns and
hoofs reduced to powder, together with soot and
ashes, and the contents of common sewers, are
much used. ‘The plaster of old kiichens, which
in China have no ¢ imn-aﬁa but an opening at the
top, is much valued ; 2o that they will sometimes

put a new plaster on a l:an:hen for the sake of the | —

China is the birth-place of the experi-
mental art; the incessant striving after ex-
periments has conducted the Chinese a thou-
sand years since to discoveries, which have
been the envy and admiration of Europeans
for centuries, “ija]t{ in regard to dyin
and painting, and to the manufactures o
Elurce ain, silk, and colours for painters.

hese we were long unable to imitate, and
yet they were discovered by them without
the assistance of scientific prineiples ; for in
the books of the Chinese we find recipes
and directions for use, but never explana-

tions of processes.

old.”” The ammonia contained in the fuel forms
nitrate of lime with the lime in the mortar, “* All
Eﬂquf hair mr:mulzlﬂ as amq:.i:&' i:rdlf:rhm'
vings are ca y appropriated to that pur-
pose. annual produce must be considerable
in a country where some hundred millions of
heads are kept constantly shaved. Dung of all
animale, but more cially night-soil, isesteemed
above all others. Being sometimes formed into
cakes, it is dried in the sun, and in this state be-
comes an object of sale to farmers, who dilate it
previous to use. They construct large cisterns
or pits, lined with lime plaster, as well as earthen
tubs, sunk into the ground, with straw over them
to prevent evaporation, in which all kinds of vege-
tables and ammal refuse are collected. These
heinlge diluted with a sufficient quantity of liquid,
are left to undergo the putrefaciive fermentation,
and then applied to the land. Inthe case of every
thing emet rice, the Chinese seem to manure the
plant itself rather than the soil, Hup,plringtit co-
pionsly with their liquid preparation.” >

L ']""I-m (hinese hushandman," observes Sir G.
Staunton, (Embagsy, vol. ii.,) ** always sieeps the
seeds he intends to sow in liquid manure, until
they swell, and %frminatmn begins 1o appear,

h experience has taoght him will have the
effect of mlening the growth of plants, as well
as of defending them against the insects hidden
in the ground in which the seeds are sown. To
the roots of plants and fruit-trees, the Chinese
farmer applies liquid manure likewise."

tly, we extract the following from a com-
municaiion to Professor Webster, of Harvard
College, United States :—'* Human urine is, if
possible, more husbanded by the Chinese than
night-goil for manure ; every farm, or patch of
land for cultivation, has a tank, where all sub-
stances convertible into manure are carefully de-
ited, the whole made liquid by adding urine
in the proportion required, and invariably applied
This iz exactly the process fol-
lowed in the Nethar'lu%ﬂa. See Qutlines of Flem-
izh Husbondry, page 22, ;

“ The hugﬁm of mllactinﬁeuﬂne and night-
soil employs an immense number of persons, who
deposit tubs in every house in the cities for the
reception of the urine of the inmates, which ves.
sels are removed daily, with as much care as our
farmers remove their honey from the hives."

When we congider the immense value of night-
soil as a manure, it is quite astounding that so
little attention is paid to preserve it. The quantity
is immense which is carried down by the drains
in London to the River Thames, serving no other

than to pollute its waters. It has been
shown, by a very simple calculation, that the
value of ':ie manura thus amounts annually
to geveral millions of pounds sterling. A sub-
stance, which by its_putrefaction generates mias-
mata, may, by artificial means, be rendered totally
inoffensive, inodorous, and transportable, and yet
aéudine prevents these means being resorted to.
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66 AGRICULTURAL CHEMISTRY.

Half a century sufficed to Europeans not

only to equal but to surpass the Chinese in |p

the arts and manufactures, and this was
owing merely 1o the application of correct
principles deduced from the study of che-
mistry. But how infinitely inferior is the
%r::ulmre of Europe to that of China!
Chinese are the most admirable gar-
deners and trainers of plants, for each of
which they understand how to prepare and
apply the besi-adapted manure. The agri-
culture of their eountry is the most t
in the world ; and there, where the climate
in the most fertile districts differs little from
the European, very little value is attached
to the excrements of animals. With us,
thick books are written, but no experiments
instituted ; the quantity of manure consumed
by this and lh::ufhnt is expressed in hun-
dredth parts, yet we know not what
manure is ! :

It we admit that the liquid and solid ex-
cremenis of man amount on an average to
14 Ib. daily, (§ lb. of urine and # Ib. feces,)
and that both taken together contain 3 per
cent. of nitrogen, then in one year they will
amount o lbs., which eontain 16-41 lbs.
of nitrogen, a quantity sufficient to yield the
nitrogen of B&i]ha. of wheat, rye, oats, or
of 900 Ibs. of barley. (Boussingault.)

This is mueh more than is necessary to
add to an acre of land in order to obtain,
with the assistance of the nitrogen absorbed
from the atmosphere, the richest possible
crop every year. Every town and farm
might thus supply isell’ with the manure,
which, besides containing the most nitrogen,
contains also the most phosphates; and if
rotation of the crops were adopted, they
would be most abundant. By using, at the
same time, bones and the lixiviated ashes
of wood, the excrements of animals might
be completely dispensed with.

When human excrements are treated in
a proper manner, 5o as 10 remove the mois-
ture which they contain without permitting
the escape of ammonia, they may be put

transported even to great distances.

This is already attempted in many towns,
and the preparation of night-soil for trans-

rtation constitutes not An unimportant
ranch of industry. But the manner in
which this is done is the most injudicious
which could be conceived. In Paris, for
example, the excrements are preserved in
the houses in open casks, from which they
are collected and placed in deep pits at
Montfaucon, but are not sold until they have
attained a certain degree of dryness by eva-
poration in the air. But whilst lying in the
receplacles appropriated for them in the
houses, the greatest part of their urea is

converted into carbonate of ammonia ; lae- th
tate and phosphate of ammonia are also

formed, and the vegetable matters contained
in them putrefy ; all their sulphates are de-
composed, whilst their sulphur forms sul-
phuretted hydrogen and hydro-sulphate of

‘of a carbonate, Various methods have been
t _ ?rnpﬂsedtﬂeﬁ'ectthis urpose. Some manu- .
into such a form as will allow them to be |fac

2. The mass, when dried by ex-
am:;n:: the air, has lost more than half of
the nitrozen which the excrements originally
contained ; for the ammonia escapes inio
the atmosphere along with the water which
evaporates; and the residue now consisis
principally of phosphate of lime, with phos-
phate ung lactate of ammonia, and small
quantities of urate of magnesia and fauy
matter, Nevertheless it is still a very pow-
erful manure, but its value as such ‘would
be twice or four times as great, if the exere-
ments before being dried were neutralise
with a cheap mineral acid.

In other manufactories of ma
night-soil, whilst still soft, is mixed
a of wood, or with earth, both
substances contain a .
tic lime, by means of which a comp
pulsion of all its ammonia is effecte
15 completely deprived of smell.
a residue applied as manure can act ¢
ﬂlﬂ hﬂﬁphﬂlﬂﬂ whiiﬂl it- Eﬁ]} COT
all the ammoniacal salts have heen

posed and their ammonia expelled.
The p tion of night-soil is now ear-
ried on in London to a considerable extent.
Owing to the variable nature of the ate,
artificial means are employed in its desieca-
tion. The nightsoil, after belzg subjected
to one or other of the modes of treatment
described below, is ?aca:l upon iron plates
heated by means of furnaces. Wi
As soon as the night-soil is collected, it is
placed in large hmag trenches, until a suffi-
cient quantity is accumulated for the pur-
poses of the manufacturer. But here it
undergoes the same process of putrefaction
to which allusion has been made, tlﬂ‘;
quires a iarly offensive smell from
evolution of sulphuretted hydrogen and
other gases, which are observed to
Unless some means be employed, at th
stage of the process, to retain the ammonia,
it escapes into the atmosphere in the form

wrers mix the night-soil with chloride of
lime, and evaporate off the water by the aid
of heat. This possesses the advantage of
depriving the excrements of smell, and at
the same time partially fixes the ammonia
'which would otherwise Chloride
of lime always contains a considerable ex-
cess of lime; hence part of the ammonia
contained in the night-soil is expelled by /!
means of it.

More simple and economical methods
might be employed. A patent, which has
been taken out for the preparation of this
useful manure, states in its specification,
that the night-soil is to be mixed with cal-

cined mud and ﬁntl?'-dividmi charcoal. By

is means, the smell is completely and in-
stantaneously removed, and the ammonia
retained by virwe of the affinity which alu-
mina and charcoal exert for that compound.
This plan is both simple and efficacious, but
the ammonia is apt to be expelled by the
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plication of the heat employed in drying
the manure, The addition of a cheap mine-
ral acid 1w the night-soil, before admixture
with these i ients, would materially
mmprove hoth of the above processes,
It would no doubt hehiglfl;nadmmgauua
In the preparation of manures, to prepare
them so that they contained all the i-
enis necessary for the E;Epl of the plants
to which they are applied. But these will
of course var “to the nature of
the soils and plants for which they are in-
tended. Thus bones, soap-boilers’ waste,
nitrate of soda, and ashes of wood, will
often be found to form adtant?eum addi-
~tions.  Sulphate of magnesia (Epsom salts)
would, in most m, _fnhr;n ain innllgahle
ingredient in night-soil. _
. tary lgrh?pter lil:'l.g SBoils.y T ‘pg
of the decomposition proceeding from
the action of this salt ul::n night-soil are,
s of ammonia, phosphate of mag-
nesia, and the double phosphate of magnesia
and ammonia. Now all these salts exert a
::rdy f?ﬁmnmhla influence upon v ion,

te of magnesia is, In man
cases, p%nﬂh nsable to the gro
and developement of certain plants. This
sugrestion is well worthy of the attention
of the farmer.

Perhaps the best and most practical me-
thod of fixing the ammoniacal salts of urine
and night-soil, is to mix them with the
ashes of peat or coal. When the latter are
employed, care must be taken to select such
as are of a porous, earthy consistence. The
ashes both of peat and coal contain in gene-
ral magnesia; hence their value as an in-
gredient of prepared night-soil. When
magnesia is not present, it will be necessary
1o add some ma%nes.im limestone or Epsom

salts. The night-soil should be mixed tho-
roughly with the ashes, and exposed to the
air to The disagreeable smell is thus

uickly remoyed, and a pulverulent manure
gbu:ined! which can be applied to the fields
with facility. ;

Animal charcoal, which has served for
the discoloration of sugar, possesses the pro-
perty of removing the offensive smell of
night-soil, and is of itself an admirable ma-
nure. In cases where it can be procured
with facility, it will be found to add to the
efficacy of the latter.

GITANOG.

The sterile soils of the South American
coas: are manured with a substance called
guano, consisting of urate of ammonia and
other ammoniacal salis, by the use of which
a luxuriant vegetation and the richest erops
are obtained. Guano has lately been im-
ported in econsiderable quantity into Liver-
pool and several other English ports, and is
now experimentally employed as a manure
by English agriculturists. A consideration
n¥ its composition and mode of action can-
not, therefore, fail to be acceptable.

‘of insuring them further protection.

67

Much speculation has arisen as to the
true origin of mﬁ,‘ but the most certain
proof is now ed, that it has been pro-
duced by the accumulation of the exere-
ments of innumerable sea-fowl which inhabit
the islands upon which it is found. Meyen,
the latest writer upon this subject, com-
pletely coincides with this opinion ; for he
sayst—<* Their number is Legion; they
completely cloud the sun, when they rise
from their resting-place in the morning in
flocks of miles. in length.” Yet, notwith-
standing their great number, thousands of
years must have elapsed, before the excre-
ments could have accumulated to such
thickness as they possess at t. Guano
has been used by the Peravians as a manure
since the twelfth mturw and its value was
considered so inestimable, that the govern-
‘ment of the Incas issued a decree, by which
capital punishment was inflicted upon any
person found destroying the fowl on the
Guano islands. Overseers were also ap-
pointed over each provinee, for the pu :
nder
this state of things, the accumulation of the
excrements may have well taken place. All
these regulations are, however, now aban-
doned.f Rt:wem Eti{mﬂ- ttll:mt the anuua;_l con-
sumption of guano for the purposes o
culture amounts to 40,003 EP as. E
increase of crops obtained by use of
guano is very remarkable. According to
the same authority, the erop of toes 18
increased 45 times by means of it, and that
of maize 35 times. The manner of ?ply—
inEethe manure is singular. Thus in Ariea,
where so much pepper ( Capsicum baccatum)
is cultivated, each plant is manured three
times : first upon the appearance of the roots,
second upon that of the leaves, and lasdy
Epcn the formation of the fruit. (Humboldt.)

rom this it will be cbserved, that the Pe-
ruvians follow the plan of the Chinese, in
manuring the plant rather than the soil.
The composition of Fuarm points out how
admirably it is fitted for a manure; for not
only does it contain ammoniacal salts in
abundanee, but also those inorganic consti-
tuents which are indispensable for the de-
reluﬁement of plants.

The

most recent analysis is that of Vile-

kel, who found it to consist of
Urate of Ammonia . . 9.0
Oxalate of Ammonia ' 10.6
Oxalate of Lime : 1 7.0
Phosphate of Ammonia . . . 6.0
Phosphate of Magnesia and Ammonia 2.6
Sulphate of Potash e 5.5
Sulphateof 8Boda. . .. .« e . . 58
Sal-ammoniac = . . thghl 2 R
- Phosphate of Lime . & i 14.3
Clay and Sand 2 TR e 1.7

* Much of the information regarding Guano
here given is extracied from a paper in Lichig's
Annafen, xxxvil. 3, 201,

t Reise um die Erde, B. i. 5. 434,

tl a'lit'l'dhuﬂ, Historia de los Yncas, vol. i.
p. 14,
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powder, and moistened bones generate heat
and enter into putrefaction ; the gelatine
which they contain is ,and its
nitrogen converted into carbonate of ammo-
nia and other ammoniacal salis, which are
retained in a great measure by the powder
nself. EBQM& burnt till quie white, and re-
cently heated to redness, absorb 7.5 times
their volume of pure ammoniacal gas.)

ARTIFICIAL MANURES.

Wi have now examined the action of the
animal or natural manures upon plants; but
it is evident that if artificial manures con-
tain the same constituents, they will exer-
cise a similar action upon the plants to
which they are applied. We shall only
notice here one or two of those principally

€m :

: Blzl:f it has been ascertained that animal
manures act (as far as the formation of or-
ranic matler is concerned ) only by the am-
monia which they contain, attention has
been devoted by ‘chemists to discover a
more economical means of presenting this
ammonia to plants. The water which dis-
tils from the retorts in the preparation of
coal gas is strongly charged with this alkali,
but is at the same time mixed with tar and
other empyreumatic impurities. It has been
customary to allow the tarry matter to sub-
side, and decant off the clear, supernatant
liguor. This liquor, being diluted to such
a degree as to be tasteless, is applied as a
manure to the field.

Now, the ammoniacal liquor of the gas-
works contains the ammonia in the form of
carbonate and hydro-sulphate of ammonia
(sulphuret of ammonium). The latter com-
pound is a deadly poison to vegetables, nor
can we conceive that by dilution its proper-

ties can be changed. The carbonate of

ammonia is volatile, and escapes into the at-
mosphere. To obviate this latter inconveni-
ence and render it more transportable, it has
been proposed to convert the carbonate into
the sulphate, by means of gypsum.* But
this does not remove the hydro-sulphate.
A more simple and efficacious method is to
add a solution of sulphate of iron (the green
vitriol of the shnps? to the liquor, until no
further precipitation ensues. Sulphuret
and carbonate of iron are thus formed, and
the whole of the ammonia enters into com-
bination with the sulphuric acid, and forms
sulphate of ammonia. Care must be taken
1o avoid too great an excess of su:;ghate of
iron; and the liquor thus prepared should
be [freely e::pom? to the air to promote the
oxidation. ;

The liquor still, however, contains em-
pyreumatic matters, which are injurious to
ants. These may be removed iq evapo-
rating the liquor to dryness, and heating the
residue to incipient redness. By this means
they are rendered insoluble, and the sul-

= Three Lectures on Agriculture, by Dr. Dau-
beny, page 7.

hate of ammonia is not affected, unless the
t has been carried too far. The liquor
properly diluted has been found very advan-
tageous, even without the removal of the

muﬁyreumaﬁn matier.
itrate of soda has lately engaged much
attention, and is su to exert its fa-

vourable action upon vegetation by yieldin
nitrogen to those ﬁ?hew constituents wh.i(-.g
contain it. The experiments which have
hitherto been instituted with this manure do
not warrant us-in concluding with positive
certainty that it is the nit alone to
which it owes its efficacy, but they certainly
render this a plausible explanation of its
virtues. Thus Mr. Pusey, the late able
ident of the Royal Agricaltural Society,
o ey o 7
u [ urine, soot, liquor,
and niu-atapgf soda.* Now theg?;-ree for-
mer act by virtue of the ammonia which
enters into their composition. The usual
effects produced by these and nitrate of soda
are to increase the intensity of the green
colouring matter, to augment the quantity
of straw, but to produce a light grain. Mr.
Hyettt has ecommunicated the results of an
analysis of two samples of wheat grown
under similar circumstances, one of which
had been treated with nitre, the other not.
The former contained 23:25 per eent. of
gluten, and 1-375 of albumen; the latter
only 19 per cent. of gluten, and 0:62 of al-
bumen. Here the azotised matters appear
to have considerably increased in quantty.
There is nuthing opposed to the supposition
that nitrie acid may be decomposed b
EL!:ints and its nitrogen assimilated. e
that vegetables possess the power of
decomposing carbonic acid, and of nprgm-
priating its earbon for their own use. Now
this acid is infinitely more difficult to decom-
pose than nitric acid. But there are other
circumstances which u;&?m the adoption
of the view that nitrate of soda acts by vir-
tue of the ni n which enters into its
composition. ere this the case, the ac-
tion should be more uniform than it has
hitherto been found to be. On some soils
the salt does not possess the smallest infiu-
ence ; whilst on others it affords great bene-
fit. We can only furnish an explanation of
this seeming caprice by a relerence to the
chemical composition of the soil upon which
it is applied. If the advantages attending
the ap Rcaliun of nitrate of soda are due to
the alkaline base which it contains, then it
is evident that this manure can be of small
value on soils containing a quantity of alka-
lies sufficient for the purposes of the plants
wn upon them; whilst, on the other
and, such as are deficient in these must ex-
perience benefit through its means.t In

* Journal of the Royal Agriculiural Society,
vol. ii., p. 123 ]

t Journal of the Royal Agricultural Society,
vol. ii., p. 143, y

I General Sir Howard Elphinstone informs me
that he found carbonate of soda (soda ash) an ex-

. —
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certain cases in which nitrate of soda has
failed, nitrate of potash (common

has been very successful. An of
wheat grown with nitrate of soda and witrate
of potash would be of interest, in order to
determine whether a mutual substitution of
their respective bases is effected. It is to be
hoped that future experiments will throw
more light upon the action of this interest-

ing manure, for theory cannot be satisfied
with those already existing., It has been

usttal to employ a less quanti ight
ufnimwofpnmhthmufm;rumbrufm.
This procedure seems rather empirical, for
unless sanctioned by ience, it would
d priovi a to be better to add the great-
est quantity of that salt which possesses the

highest equivalent. Now the equivalent of
nitrate of potash is considerably higher than
that of nitrate of soda.

Charcoal in a state of powder must be
considered as a very powerlul means of pro-
moting the growth of plants on heavy soils,
and particularly on such as consist of ar-
gillaceous earth.* ¢ et

Ingenhouss proposed dilute sulphuric acid
as a means ol increasing the fertility of a
soil. Now, when this acid is sprinkled on
caleareous soils, gypsum (sulphate of lime)
is immediately formed, which of course
prevents the necessity of manuring the soils
with this material. 100 parts of coneen-
trated sulphuric acid diluted with from 800
to 1000 parts of water, are eguivalent to
176 parts of gypsum.

SUPPLEMENTARY CHAPTER.

ON THE CHEMICAL CONSTITUENTS OF SDILS.

Tux fertility of a scil is much influenced
by its physieal properties, such as its poro-
sity, colour, attraction for moisture, or state
of disintegration. But independently of

these conditions, the ferti]h?' epends upon
the chemieal constituents of which the soil
15 composed.

We have already shown, at considerable
length, that those alkalies, earths, and phos-
phates, which constitute the ashes of plants,
are perfectly indispensable for their deve-
lopement ; and that plants cannot flourish
upon soils from which these compounds are
absent. The necessity of alkalies for the
vital processes of plants will be obvious,
when we consider that almost all the differ-

cellent manure for his land. The crops obtained
by means of it presented the same general charac-
ters as those manured with nitrate of potash, and
exhibited a greater intensity of colour. If this is
found unifermly to be the case, it will very much
sirengthen the supposition that the action of ni-
trate of soda is due to itz alkaline constituent,—
En.

= For much valuable information on the sub-
jeet of manures, see ** Agricultural Chemistry,"
vol. viii. of Sir H. Davy's collected Works.

AGRICULTURAL CHEMISTRY.

ent families of plants are distinguished by
containing nemﬂ, acids, differing very mnz
in composition ; and further, that these acids
do not exist in the juice in an isolated state,
but rally in combination 1!'11311 ceriain
alkaline or earthy bases. The juice of the
vine contains tartaric acid, that of the sorrel
oxalic acid. It is quite obvious that Etgml;
liar action must be in operation 1n the or-
aanism of the vine and sorrel, by means of
which the generation of tartarie and oxalie
acid is effected ; and also that the same ac-
tion must exist in all plants of the
genus. A similar cause forces col
1o extract silicic acid from the soil.

number of acids found in different

which may be added acetic, malic,
aconitic, maleic, kinovic acids, i
When we observe that the proper a
of each family of plants are never abser
from it, we must admit that the pla
longing to that family could not attain |
fection, if the generation of their
acids were prevented. Hence, if th
duction of tartarie acid in the vine were
dered impossible, it could not produs
pes, or in other words, would not fro
ﬁ:w the generation of organic acids is.
vented in the vine, and, , in all plants
which yield nourishment to men and ami-
mals, when alkalies are absent from the st
in which they grow. The ic acids in
plants are very rarely found in a free stat
mn gell:.ew are in combination with
potash, s s OF magnesia. lThus,
silicic acid is found as silicate of potash,
acetic acid as acetate of potash or
oxalic acid as oxalate of potash, or
lime, tartaric acid as bitartrate of potash,
&e. The potash, soda, lime, and magnesia
in these plants are, therefore, as indispensa-
ble for their existence as the carbon from
which their organie acids are produced.
In order not to form an erroneous conelu-
sion ing the processes of vegetable
nutrition, it must be admitted that plants re-
quire certain salts for the sustenance of their
vital functions, the acids of which salts exist
either in the soil (such as silicic or phos-
phoric acids) or are generated from nultri-
ment derived from the atmosphere. Hence,
if these salts are not contained in the soil, or
il the bases necessary for their production
be absent, they cannot be formed, or in other
words, plants cannot grow in such a soil.
The juice, fruit, and leaves of a plant can-
not atlain maturity, if the constituents ne-
cessary for their formation are wanting, and
salts must be viewed as such. These salis
do not, however, occur simultaneously in
all plants. Thus, in saline plants, aod!; is
the only alkali found; in corn tz, lime
and potash form constituents. Several con-
tain both soda and . some both potash
and lime ; whilst others contain po
magnesia. The acids vary in a similar
manner. one t may contain

=
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phosphate of lime, a second, phosphate of
magnesia, a third, an alkali combined with
silicic acid, and a fourth, an alkali in com-
bination with a acid. The re-

ecive quantities of the salts required by

ants are very unequal. The de of a
soil 1o produce one, but not kind of
plant, is due to the presence of a base which
the former requires, and the absence of that,
;Ilf;pent?b]&tffied o nt :ffﬁ

atter. pon the correct wledge

bases and salts requisite for the sustenance
of each plant, and of the composition of the
soil upon which it grows, depends the
whole system of a rational theory of agri-
culture; and that knowledge alone can ex-
plain the process of fallow, or furnish us
with the most mnmgenua methods of af-
fording plants proper nourishment.

Give—so says the rn:t?:nal —1o one
plant such substances as are necessary for
1ts develo 1, but spare those, which are
not nc&mit&, for the production of other
plants that require them.

It is the same with regard to these bases
as it is with the water which is necessary
for the roots of various plants. Thus,
whilst one plant flourishes luxuriantly in an
arid soil, a second requires much moisture,
a third finds necessary this moisture at the

cement of its developement, and a
%ﬂh such as potatoes) after the appear-
ance of the It would be very er-
roneous to present the same quantity of
water to all plants indi-wriminmig. Yet
this obvious prineiple is lost sight of in the

manuring of plants. An empirical system
of agriculture has administered the same
kind of manures to all plants; or when a
selection has been made, it was not based
upon a knowledge of their peculiar charac-
ters or composition.

The cost of labour in England has given
rise to the production of much ingenuity in
the invention of machines, which have pro-
duced improvements in the mode of appli-
cation of manures. In order to use these
with advantage, pulverulent manures are
emploved, in of the common stable
manure, which is generully mixed with
much straw.

The necessity for such forms of manure
naturally nugf@tad the employment of bone |
dust, dried , lime, ashes, &c. Now, |
a]thnuEh by these means the necessary
phosphates are furnished to a soil, and solid
animal excrements rendered unnecessary, !
they have led to the neglect of the liquid |
excrements, that is, of the urine of men and |
animals, which is thus completely lost to
agriculture. For although the meadows
receive, during autumn and winter, whenl
cattle are fed upon them, the solid and liquid
excrements of these animals, yet the urine
of man, into which all the nit ous con- |
stituents of animals are ﬂna]lrr eposited, isi
completely lost to the fields. This most im-
portant of all manures, so properly estimated
in Flanders, Germany, and China, is alto-

ther lost to the English agriculturist. In

rge towns it is allowed to run into
the rivers, or sink into the ground in such a
manner as to be of no benefit to the vegeta-
ble kingdom.

The most important growth in England
1s that of wheat ; then ey, oats, beans,
and turnips. Potatoes are miyr cultivated
to @ great extent in certain localities; rye,
beet-root, and rape-seed, not very generally.
Lucerne is only known in a few districts,
whilst red clover is found universally. Now,
the selection of inorganic manures for these
plants may be fixed upon by an examina-
tion of the composition of their ashes. Thus
wheat must be cultivated in a soil rich in
silicate of potash. If this seil is formed
from feldspar, mica, basalt, clinkstone, or
indeed of any minerals which disintegrate
with facility, crops of wheat and barley may
be grown upon it for many centuries in suc-
cession. But, in order to support an unin-
terrupted succession, the annual disintegra-
tion must be sufficiently great to render
soluble a quantity of silicate of potash suf-
ficient for the supply of a full crop of wheat
or barley. If this 1s not the case, the soil
must either be allowed to lie fallow from
time to time, or plants may be cultivated
upon it which contain little silicate of pot-
ash, or the roots of which are ena {11}
penetrate deeper into the soil than corn
plants in search of this salt. During this
interval of repose, the materials of the soil
disintegrate, and potash in a soluble state is
liberated on the layers exposed to the action
of the atmosphere. When this has taken
place, rich crops of wheat may be again

l:x]i‘ecwd.
he alkaline phosphates, as well as the
phosphates of mzﬁnes.ia and lime, are ne-
cessary for the production of all corn-plants.
ana:'{ones contain the latter, but none of
the former salts. These must, therefore, be
furnished by means of night-soil, or of
urine, a manure which is particularly rich
in them.* Wood ashes have been found
very useful for wheat in caleareous soils ;
for theze ashes contain both phosphate of
lime and silicate of potash. In like manner
stable manure and niiht-mjl render clayey
soils fertile, by furnishing the magnesia in
which they are deficient. The ashes of all
kinds of herbs and decayed straw are capable
of replacing wood ashes. 3

A compost manure, which is adapted to
furnish aﬁa?he inorganic matters 1o wheat,
oats, and barley, may be made, by mixin
equal parts of bone dust and a solution o
silicate of potash (known as soluble glass in
commerce, :llluwj.m;_’l this mixture 1o dry in
the air, and then adding 10 or 12 parts of

ypsum, with 16 parts of common salt.

uch a compost would render unnecessary

* It has been already stated that bran confains

hate of soda and phosphate of magnesia, so

that it is useful as a manure where phosphates are
desired.—Enb.
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the surface, with this difference only, that it
contains more potash, soda, and chlorine,*
and is interspersed with ) 15 of fresh-
walter shells. Hence it is tEat the soil pro-
duces the deep-rooted plants in such luxu-
riance.

24. Soil of a sterile moor, which had
been burned three times, and upon which

buckwheat had been cultivated. 100 parts
contained :—

Humus, soluble in alkalies - - 9250
Vegetable remains, charcoal, quarzy
sand, and earthy particles - D750

100000
100 parts by weight left, after ignition, 10
parts of ashes. llgtllnpam of ashes
consisted of :—
Silica and siliceous sand . - T9600
Alumina - - - 6288
Peroxide ?l} iron = = « OB5ST
Carbonate of i.ﬂa - £ . T652
Carbonate of magnesia - - 1640
Potash - - . - - (0080
Soda sty - - - 0028
Phosphoric acid . . 0215
Et}l&hpm of lime (gypsum) - = 3235
Chlorine - - - - 0005

100000

Soils such as this, after having been
burned several times, and made to produce
buckwheat, are completely deprived of
their potash and soda; and in consequence
of this are rendered quite barren. Hence it
is that ashes of wood exert such an astonish-
in%ﬁeﬂ'ect upon them.

. Analysis of a very fertile loamy sand,
from Osnabrick, near Rotherfeld. Tt is re-
markable for being manured only once every
10 or 12 years, and bears beautilul wheat as
the last crop. 100 parts contain:—

Silica, with coarse siliceous sand -
Alumina E = . <
Peroxide and protoxide of iron, with a

B6-200
2000

salt, lime, ia, and saltpetre. It after-
wards reaches the soil, and manures it with
these ingredients. It is only in this manner
that we are enabled to explain the fertility
of this soil ; for, reasoning from its chemical
composition, we would be induced, d@ priori,
10 suppose that it would be barren. At the
base of this hill, certain portions of the land
are covered with calcareous tufl, containing
the above salts: a fact which proves that
the water which penetrates through the soil
must also contain them in soluton. The
large proportion of humus exhibited by the
analysis depends upon the nature of the
manure to which it was treated. ’

26. Analysis of a heavy alluvial soil,
from Norden. 100 parts contain :—

Silica, and wery fine siliceous sand - B4543
Alomina - . - - 3458
Peroxide of iron - - - 3488
Peroxide of man 0560
Lime - - - » - (rdlg
agnesia - - - . 0740
Potash - - - = = atrace
Soda, in combination with silica G004

Phosphoric acid, in combination with
lime - 2 - - = 0260
Sulphuric acid - 0008
Chlorine .. . 0008
Humus, soluble in alkalies - o416
Humus and nitrogenous matier 0°196
100°0D00

The portion of the soil subjected to analy-
sis was taken at a depth of 10 inches, from
a field which had received no manure for
several years, It had previously produced
in suceession barley, beans, wheat, and
grass, the latter for two years. The soil is
remarkable, in a chemical point of view,
from the large quantil{ of soda which it
contains. Although the sulphuric acid,
chlorine, and potash are present in small
quantity, yet this does not Eresnnt any bar-
rier to the developement of the fants, as the
surface-soil is 18 inches in depth.

, 27. Analysis of a heavy alluvial soil in
P GI;::L? o of ;:ﬁ;lﬁ':& . g gm the vicinity of Norden. !05 paris contain :—
Carbonic acid, and a little phosphate of Silica, and very fine siliceous sand 79174
lime - P : «  4'160| Algmina - . - . 3016
Carbonate of magnesia 0°520 | Peroxide of iron . . 4'960
Potash and soda = 0035 | Peroxide of manganese - 0600
Phosphorie acid - - - 0020 | Carbonate of lime = 8 - 2171
Sulphuric acid - X ’ - 0021 | Carbonate of magnesia . - 2226
Chlorine - - . - - 0°010 | Potash, in combination with silica - 0025
Humus, soluble in alkaline carbonates - 0544 | Soda, idem - ¥ . - G349
Humus . . - . 3-370 | Phosphoric acid . . - 0534
Nitrogenous matter - 0120 | Sylphuric acid : - - atrace
Chlorine s - 0005
100-000 ﬂumus, splljuhte in alkalies : 0T

A kS ¥ with mit enous matler = £
The soil in question lies on the southern - it P
exposure of a hill, which consists of layers 100000

of limestone and marl. The rain-water
penetrates through these layers, and becomes
saturated with the soluble =alis contained in
them, such as potash, gypsum, common

* The portion of the suface-soil subjected to
analysis was taken from the field after long-con-
tinued rain. Hence the small quantity of salts of
potash and soda.

The specimen for analysis was taken at a
depth of 10 inches from the surface of a
field, which had been manured five years
previously, and had produced since that time
raFe, rye, wheat, and beans. The crops of
all these were plentiful, and of excellent
quality. It is singular that this soil, which
contains such a small proportion of gypsum,



















" APPENDIX TO PART I.

with several of the Bromeliaces, and

> With the Citrus, and also,
and even with the Palme. The same ad-
vantage was found in the ease of almost all
those plants for which sand is used, in order
to keep the earth porous, when charcoal was
mixed with the soil instead of sand; the
vegetation was always rendered stronger and

more ‘Fl’im‘ﬂll!.
“ Atthe same time that these experiments
were performed with mixtures of charcoal

with different soils, the charcoal was also
used free from any addition, and in this case
the best results were obtained. Cuts of
plants from different genera took root in it
well and quickly; [ mention here only the
: and fulgens which took
root in ten days, Pandanus ulilis in three
ths, P. amerylli , Chamadorea ela-
tior in four weeks, Piper

Ficus, Cecropia, Mmﬁm&

hes, s Lawrus, Stifftia,
Wﬂmm, in from eight to ten

ys, and several others amounting to forty
ies, including Nex, and many others.
ves, and pieces of leaves, and even pe-
i, or petioles, took root and in part
ed in pure charcoal. Amongst others
we may mention the foliola of several of the
ife as having taken root, as also did
parts of the leaves of the Begonia Telfairiee,
and Jacaranda brasiliensis; leaves of the
Euwphorbia fastuosa, Mﬂ Barrilieri, Ficus,
G.ydﬂm": I nl'g,muﬂhu, esemby ymﬂlﬂiﬂmu
g.]ﬂg the delicate leaves?fthl: ot e ermum
and Martymia, pieces of a leaf of the JAgave
americand ; tuﬁapl:fPinw &e.; and all with-
out the aid of a preﬁuusi’g formed bud.

“ Pure charcoal acts excellently as a
means of curing unhealthy plants. A Do-
rianthes excelsa, for example, which had
been drooping for three years, was rendered
completely healthy in a very short time by
this means. An orange-tree which had the
very common disease in which the leaves
become yellow, acquired within four weeks
its healthy green colour, when the upper
surface of the earth was removed from the

in which it was contained, and a rin

of chareoal of an inch in thickness strew
in its place around the periphery of the pot.
The same was the case with Gardenia.

< [ should be led too far were I to state all
the results of the experiments which 1 have
made with charcoal. The object of this
paper is merely to show the general effect
exercised by this substance on vegetation ;
but the reader who takes particular interest
m the subject will find more extensive ob-
servationsin the ‘4 ine Deutsche Garten-
zeifung’ of Otto and Dietrich, in Berlin; or
Loudon’s Gardener’s Magazine for March,
1841.

¢« The charcoal employed in these experi-
ments was the dust-] owder of charcoal
from firs and pines, such as is used in the
forges of blacksmiths, and may be easily
procured in any quantity. It was found to

- —unchanged in their vital
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Thave most effect when allowed to lie during

the winter exposed to the action of the air.
In order to ascertain the effects of different
kinds of charcoal, experiments were also
made upon that obtained from the hard
woods and peat, and also upon animal char-
coal, although I foresaw the probability that
none of them would answer so well as that
:ﬁsine—w&nﬂ, both on account of its porosity

the ease with which it is decomposed.®

“ [t is superfluous to remark, that in treat-
ing plants in the manner here described, they
must be plentifully supplied with water,
since the air having such free access pene-
trates and dries the roots, so that unless this
precaution is taken, the failure of all such
experiments is unavoidable.

“ The action of charcoal consists primaril
in its preserving the pans of the plants wi
which it is in contact—whether they be
roots, branches, leaves, or pieces of leaves

EWH for a long
space of time, so that the plant obtains time
to develope the organs which are necessary
for its further support and propagation.
There can scarcely be a doubt also that the
charcoal undergoes decomposition ; for after
being used five to six years it becomes a
coaly earth; and if this is the case, it must
yield earbom, or carbonic oxide, abundantly
to the plants growing in it, and thus afford
the principal substance necessary for the
nutrition of vegetables.t In what other
manner indeed can we explain the deep

n colour and great luxuriance of the
eaves and every part of the plants, which
can be obtained in no other kind of soil, ac-
cording to the opinion of men well qualified
to judge? It exercises likewise a favourable
influence by decomposing and absorbing the
maltters excreted by the roots, so as to Txeep
the soil free from the putrefying substanees
which are often the cause of the death of the
spemgiolee. Its porosity, as well as the power
which it possesses of absorbing water with
rapidity, and, after its saturation, of allow-
ing all other water to sink through it, are
causes also of its favourable effects.  These
experiments show what a elose affinity the
component parts of charcoal have to all
plants, for every experiment was crowned
with success, although plants belonging toa

* M. Lukas has recently repeated these expen-
ments, and found that the animal charcoal ob-
tained by the caleination of bones possesses a de-
eided ,ﬂ.l:i':lﬂl'llﬂge over all other kinds of charcoal.
which he subjected to experiment.—Liebig's An-
nalen, Band xxxix. Heft 1. 8.127,

t As some misconception has arisen regarding
this explanation of the action of charcoal upon ve-

etation, and an idea propagated that the intro-
Eumiqm of these opinions into this work incorpo-
rated them with those of Liebiz, 1t is necessary to
state that 1hﬂ¥ are merely inserted here as part of
the papers of M. Lukas. The true explanation
has been given in a former part of the work, viz.,
that charcoal possesses the power of absorbing
carbonic acid and ammonia from the atmosphere,
which serve for the mu?{nhmant of plants.—Enp.
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combination with any of its constituents.
In this respect, its decomposition depends
evidenily upon the same causes which effect
that of iodide of nitrogen, or fulminatin
silver. Yet it is singular that the canse
the sudden separation of the component
parts of peroxide of hydrogen has been
viewed as different from those of common de-
composition, and has been ascribed to a new
Enwer termed the catalylic force. Now, it

as not been considered, that the presence
of the um and silver serves here only
to accelerate the decomposition ; for without
the contact of these metals, the peroxide of
hydrogen dmmploses spontaneously, al-
though very slowly. The sudden separa-
tion of the constituents of peroxide of hydro-
gen differs from the decomposition of Ignse-
ous hypochlorous acid, or solid iodide of
nitrogen, only in so far as the decomposition
takes place in a liquid.

A remarkable action of peroxide of hydro-
gen has attracted much attention, because it
differs from ordinary chemical phenomena.
This is the reduction which certain oxides
suffer by contact with this substance, on the
instant at which the oxygen separates from
the water. The oxides thus easily reduced,
are those of which the whole, or part at
least, of their oxygen is retained merely by
a feeble affinity, such as the oxides of silver
and of gold, and peroxide of lead.

- Now, other oxides which are very stable
in composition, effect the decomposition of
xide of hydrogen, without experiencin
smallest change; but when oxide
silver is employed 1w effect the decomposi-
tion, all the oxygen of silver is carried away
with that evolved from the peroxide of hy-
drogen, and as a result of the decomposition,
water and metallic silver remain. When
peroxide of lead is used for the same pur-
pose, half its oxygen escapes as a gas. Per-
oxide of manganese may in the same man-
ner be reduceﬁ to the protoxide, and oxygen
set at liberty, il an acid is at the same time
present, which will exercise an affinity for
the protoxide and convert it into a soluble
salt. 1If, for example, we add to peroxide
of hydrogen sulphuric acid, and then per-
axide of manganese in the state of fine pow-
der, much more oxygen is evolved than the
compound of oxygen and hydrogen could
yield ; and if we examine the solution which
remains, we find a salt of the protoxide of
manganese, so that half of the oxygen has

been evolved from the peroxide of that metal. |

A similar phenomenon oceurs, when car-
bonate of silver is treated with several or-
ganic acids. Pyrovic acid, for example,
combines readily with pure oxide of silver,
and forms a salt of sparing solubility in
water. But when this acid is brought in
contact with earbonate of silver, the oxygen
of part of the oxide escapes with the car-
bonie acid, and metallic silver remains in
the state of a black powder. (Berzelius.ﬂ

Now no other explanation of these phe-
nomena can be giﬁfé than that a body in

the act of combination or decomposition
enables another body, with which it is in
contact, 1o enter into the same state. It is
evident that the active state of the atoms of
one bodog has an influence upon the aoms
of a body in contact with it; and il these
atoms are capable of the same change as the
former, they likewise undergo that change;
and combinations and decompositions are the
consequence. But when the atoms of the
second body are not capable of such an
action, any further disposition to change
ceases from the moment at which the atoms
of the first body assume the state of rest,
that is when the changes or transformations
of this body are quite completed.

This influence exerted by one compound
upon the other, is exactly similar 10 that
which a body in the act of combustion exer-
cises upon a combustible body in its vicinity ;
with this difference only, that the causes
which determine the participation and du-
ration of these conditions are different. For
the cause, in the case of the combustible
body, is heat, which is generated every mo-
ment anew; whilst in the phenomena of
decomposition and combination, which we
are considering al present, the cause is a

|Imd1r in the state of chemical action, which
exerts the decomposing influence only so
long as this action continues.

umerous facts show that motion alone
exercises a considerable influence on chemi-
cal forces. Thus, the power of cohesion
does not act in many saline solutions, even
when they are fully saturated with salts, if
!he{ are permitted to cool while at rest. In
| such a case, the salt dissolved in a liquid
does not erystallize; but when a grain of
sand is thrown into the solution, or when it
receives the slightest movement, the whole
liquid becomes suddenly solid while heat
isevolved. The same phenomenon happens
with water, for this In%uid may be cooled
much under 32° F. (0° C.,) if kept com-
pletely undisturbed, but solidifies in a mo-
ment when put in motion,

The atoms of a body must in fact be set
|in motion before they can overcome the vis
inerlice 50 as to arrange themselves into cer-
tain forms. A dilute solution of a saltof
pumsh mixed with tartarie acid yields no
precipitate whilst at rest; but if motion is
communicated to the solution by agitating
it briskly, solid erystals of eream of tartar
| are deposited. A solution of a salt of mag-
nesia also, which is not rendered turbid by
| the addition of phosphate of ammonia, de-
posits the phosphate of magnesia and am-
monia on those parts of the vessel touched
with the rod employed in stirring.

In the processes of combination and de-
composition under consideration, motion, by
overcoming the vis inerlie, gives rise im.
mediately to another arrangement of the
atoms of a body, that is, to the production
of a compound which did not before exist in
it. Of course these atoms must previously
possess the power of arranging themselves
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constituents of water; others are produced
in consequence of a further disunion of
those first formed. The urea and carbonate
of ammonia are generated by the combina-
tion of two of the produets, and in their for-
mation the whole of the elements have as-

These examples show, that the resulls of
I sition by fermentation or putrefac-
tion comprehend very different phenomena.
The first kind of transformation is, the
transposition of the elements of one complex
compound, by which new ounds are
produced with or without the assistance of
the elements of water.
newly formed in I}hrf manner, either the
same proporuons of those com t
LTI 5T
_ ion, are found, or with them, an
excess, consisung of the constituents of wa-
ter which had assisted in promoting the dis-
union of the elements. .
_ The second kind of transformation con-
sists of the transposiuons of the atoms of
two or more compounds, by which

2 elements of arrange themselves
y into new products, with or with-

t the co-operation of the elements of wa-

ter. In this kind of transformations, the
new products contain the sum of the con-
~ slituents of all the compounds which had
~ taken a in the decomposition.
- 3 The fir thui’thesgtwn r}mles u:‘dmtr;l:l-
- position is that designated fermentation, the
second putrefaction ; and when these terms
‘are used in the following pages, it will
always be w0 ﬂisﬁng;}iah the two processes
above described, which are so different in
their results.

CHAPTER V.
FERMENTATION OF SUGAR.

Tue liar decomposition which su
suffers mhe ?iewedl:::a type of all ﬁ;
transformations designated fermentation.®
Thénard obtained from 100 grammes of
cane-s 0.5262 of absolute Fuhnl. 100
m;}ﬂ:’w from the cane yield, there-

* When yeast is made into a thin paste with
water, and 1 cubie centimetre of this mixture in-
troduced into a graduated glass receiver filled with
mercury, in which are 19 grammes of a
solution of cane sugar, contathing 1 gramme of
pure solid sugar; itis found after the mixture has
bmmnﬁnrm hours to a temperature of
from 20 to 25 C, (68—77 F.,) that a volume of
¢arbonic acid has been formed, which, at 0° C.
{32° F.) and an a ric pressure indicated by
0.76 metre Bar. would be from 245 to 250 cubic
centimetres. But to this quantity we must add 11
eubie centimetres of ca ic acid, with which
the 11 grammes of liquid would be saturated, so
that in Eil 255—259 cubic ecutimetres of carbonic
acid are obtained. This volume of carbonic acid
corresponds to from 0.503 te 0.5127 grammes by

weight.

In the producis
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fore, 103.89 parts of carbonie acid and aleo-
hol. The entire carbon in these products is
equal to 42 parts, which is exactly the quan-
mﬁrigin y contained in the sugar.
e analysis of sugar from the cane,
roves that it contains the elements of car-
nic acid and aleohol, minus 1 atom of
water. The aleohol and carbonic acid pro-
d_ul.‘:ﬁ} by the fermentation of a certain qu]t;m
tity of sugar, contain together one equivalent
of oxygen and one equivalent of hydrogen,
the ts, therefore, of one equivalent
of water, more than the contained,
The excess of weight in the products is
thus explained most satisfactorily ; it is ow-
ing, namely, to the elements of water hav-

ing taken part in the metamorphosis of the

it is known that 1 atumofm.ﬁmtliu
12 equivalents of carbon, from the
pmpnrnunﬂ in which it unites with bases,

from the composition of saccharic acid
the product of its oxidation. Now none of
these atoms of carbon are contained in the
sugar as carbonie acid, because the whole
quantity is obtained as oxalic acid, when
sugar 15 treated with hypermanganate of

h (Gregmiy ;) and as oxalic acid is a
ower degree of the oxidation of carbon than
carbonie acid, it is impossible to conceive
that the lower degree should be produced
from the higher, by means of one of the
most powerful agents of oxidation which

We possess.
It can be also proved, that the h'idmgen
of the sugar does not exist in it in the form

of aleohol, for it is converted into water
and a kind of ecarbonaceous matter, when
treated with acids, particularly with such as
contain no oxygen ; and this manner of de-
composition 15 never suffered by a com-
pound of aleohol. 3

Sugar contains, therefore, neither alcohol
nor carbonic acid, so that these bodies must
be produced by a different arrangement of its
atoms, and by their union with the elements
of water. .

In this metamorphosis of sugar, the ele-
ments of the yeast, by contact with which
its fermentation was effected, take no appre-
ciable part in the transposition of the ele-
ments of the sugar; for in the products
resulting from the action, we find no com-
ponent part of this substance. :

We may now study the fermentation of
a vegelable juice, which contains not only
saccharine matter, but also such substances
as albumen and gluten. The juices of
parsneps, beet-roots, and onions, are well
adapted for this pur When such a
juice is mixed with yeast at common
temperatures, it ferments like a solution of
sugar, Carbonic acid gas escapes from it
with effervescence, and in the liquid, alcohol
is found in quantity exaectly corresponding
to that of the sugar originally contained in
the juice. Butsuch a juice undergoes spon-
| taneous decomposition at a temperature of
| from 959 to 1049 (350—40° C.) Gases
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when 1ns putrefaction has recommenced, in
consequence of its being kept in a warm
mh%gtmn :‘:1‘:1 some time. :

east utrefying animal and vegeta-
ble matters m:f'a.n pe];-l:ﬁdauf hydrogen does
on oxide of suver, when they induce bodies
with which they are in contact to enter into
the same state of decomposition. The dis-
turbance in the attraction of the constituents
of the peroxide of hyd effects a disturb-
ance in the attraction of the elements of the
oxide of silver, the one being decomposed,
ﬂnheamunt of the decomposition of the
other,

Now if we consider the s of the
fermentation of pure sugar, in a practical
point of view, we meet with two facts of
constant occurrence. When the quantity
of ferment is too small in proportion to that
of the sugar, its putrefaction will be com-
pleted the transformation of all the

1s effected.  Some sugar here remains
undecomposed, because the cause of its
transformation is absent, viz. contact with a
Imgin a state of decomposition.

t when the quantity of ferment pre-
dominates, a certain quantity of it remains
after all the sugar has fermented, its decom-

position proceeding very slowly, on account S 1
: ity i the strongest affinities are overcome,

of its insolubility in water. This residue
ferment is still able to induee fermentation
“when introduced into a fresh solution of su-

- gar, and retains the same power until it has

- gﬂed through all the stages of its own
- transformation. Hence a certain quantity
of yeast is necessary in order to effect the
transformation of a certain portion of sugar,
‘not because it acts by its quantity in increas-
ing any affinity, but because its influence
s solely on its presence, and its pre-
sence is necessary, until the last atom of
8 is decomposed.
hese facts and observations point out the
existence of a new cause, which effects
combinations and decompositions, This

' place carbonic an

cause is the action which bodies in a state,
of combination or decomposition exercise
substances, the component paris of |
which are united mﬁlherb}f a feeble affinity.
This action resembles a peculiar power, at-
tached to a body in the state of combination
or decomposition, but exerting its influence
ond the sphere of its own attractions.

e are now able to account satisfactorily
for many known phenomena.

A quantity of hippuric acid may be
obtained from the fresh urine of a horse, by
the addition of muriatic acid ; but when the
urine has undergone putrefaction, no trace
of it can be discovered. The urine of man
contains a considerable quantity of urea;
but when the urine putrefies, the urea en-
tirely disappears. hen urea is added to a
solution of sugar in the state of fermentation,
it is decomposed into earbonic acid and am-
monia. No asparagin can be detected in a

utrefied infusion of asparagin, liquorice-

Fu-c:-t, or the root of marshmallow (Althea
afficinalis. i3

o7
It has already been mentioned, that the
strong affinity of nitrogen for hydrogen, and

that of carbon for oxygen, are the cause of
the facility with which the elements of azo-
tised eompounds are disunited ; those affini-
ties aiding each other, inasmuch as by vir-
tue of them different elements of the com-
unds strive 1o take possession of the dif-
erent elements of water. Now since 1t 13
found that no body destitute of nitrogen pos-
sesses, when pure, the property of decom-
posing spontaneously whilst in contact with
water, we must aseribe this property which
azotised bodies possess in so eminent a de-
. 1o Wlﬂeﬂling peculiar in the nature of
compounds of nitrogen, and to their con-
stituting, in a certain measure, more highly
Orﬁmzﬁd atoms.
very azotised constituent of the animal
or vegetable organism runs spontaneously
ﬁp?ﬂgh lon, when exposed to moisture
a temperature,

Azotised matters are, accordingly, the
only causes of fermentation and putrefaction
in vegetahle substances.

Puirefaction, on account of its effects, as
a mixed ormation of many different
substances, may be classed with the most
powerful processes of deoxidation, by which

‘When a solution of gypsum in water is
mixed with a decoction of sawdust, or any
other organic matter capable of putrefaction,
and preserved in well-closed vessels, it is
found after some time, that the solution con-
tains no more sulpharie acid, but in its
and free hydro-sulphuric
acid, between which the lime of the gypsum
is shared. In stagnant water containi
sulphates in solution, erystallised pyrites is
observed to form on the decaying roots,

Now we know that in the putrefaction of
wood under water, when air therefore is ex-
cluded, a part of its carbon combines with
the oxygen of the water, as well as with the
oxygen which the wood itself contains;
whilst its hydrogen and that of the decom-
posed water are liberated either in a pure
state, or as carburetted hydrogen. The
products of this decomposition are of the
same kind as those generated when steam is
conducted over red-hot charcoal.

It is evident, that if with the water a sub-
stance containing a large quantity of oxygen,
such as sulphuric acid, be also present, the
matters in the state of putrefaction will make
use of the oxygen of that substance as well
as that of the water, in order 1o form car-
bonic acid; and the sulphur and hydrogen
being set free will combine whilst in the
nascent state, Fmtluc:iug hydrosulphuric
acid, which will be agamn decomposed il
metallic oxides be present; and the results
of this second decomposition will be water
and metallic sulphurets.

The putrefied leaves of woad (Isatis tine-
toria,) in contact with indigo-blue, water,
and alkalies, suffer farther decomposition,
and the indigo is lien;'.iliisﬂl and dissolved.
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1o what happens in combustion at high tem-
peratures. It is well known, for example,
when no more oxygen is admitted to a
compound of earbon and hy than is
sufficient to combine with its hydrogen, the
carbon is not burned, but is separated as
lamp-black ; while, if the quantity of oxy
15 not sufficient even to consume all the hy-
drogen, new compounds are formed, such
as naphthalin and similar matters, which
contain a smaller proportion of hydrogen
than those compounds of carbon and hydro-
n which bp;renuuslj' existed in the com-
ustible substance.

_There is no example of carbon combinifg
directly with oxygen at common tempera-
tures, but numerous facts show that hydro-
gen, in certain states of condensation, pos-
sesses that p:r:&:erty. Lamp-black which
has been heated 1o redness may be kept in

contact with ox , without formin
Bbonit peid; Tt lapap-tlack, impeedal

with oils which contain a large proportion
of hydrogen, gradually becomes warm, and
inflames spontaneously. The spontaneous
inflammability of the charcoal used in the
fabrication of gunpowder has been correctly
ascribed to the hydrogen which it contains

‘can be detected in the air surrounding it; it
18 not formed until the temperature of the
mass has reached a red heat. The heat
which produces the inflammation is there-
caused by the oxidation of the car-

~ The substances which undergo erema-
causis may be divided intw two classes. The
first class comprehends those substances
which unite with the oxygen of the air,
without evolving carbonic acid; and the
second, such as emit carbonic acid by ab-
sorbing oxygen. .

When the oil of bitter almonds is exposed
to the air, it absorbs two equivalents of
oxygen, and is converted into benzoic acid ;
but half of the oxygen absorbed combines
with the hydrogen of the oil, and forms
water, which remains in union with the
anhydrous benzoic acid.®

* According to the experiments of Débereiner
100 parts of pyrogallic acid absorhs 38:09 parts o
oxygen when in contact with ammonia and water ;
the acid being cha in consequence of this ab-
sorption into a mouldy substance, which contains
less oxygen than the acid itself. It is evident that
the s nce which is formed is not a higher
oxide ; and it is found, on comparing the quantity
of the oxygen absorbed with that of the hrdmgen
contained in the aeid, that they are exactly in the
proportions for forming water. .

&ol:an colourless orcin is exposed together with
ammonia to the contact of oxygen Em. the beau-
tiful red-coloured oreein is produced. Now, the

nsiderable quantity ; for during its re. by
er, no trace of carbonic acid |

anly ¢ s which take place here are, that the
a tion of oxygen by the elementz of orein
and ammonin causes the formation of water; 1
equivalent of orcin C18 H12 08, and 1 equivalent
u?ammmia N H3, absorb 5 equivalents of oxygen,
and 5 equivalents of water are produced, the com-

position of orcin being C18 H1o 08 . (Dumas.
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But, although it appears very probable
that the oxygen acts primarily prinei-
pally upon hydrogen, the most combustible
constituent of organic matter in the state of
decay ; still it cannot thence be concluded
that the carbon is quite devoid of the power
to unite with oxygen, when every particle
of it is surrounded with hydrogen, an ele-
ment with which the oxygen combines with
greater facility.

‘We know, on the contrary, that although
nitrogen cannot be made to combine with
oxygen directly, yet it is oxidized and forms
nitric acid, when mixed with a large quan-
tity of hydrogen, and burned in oxygen gas.
In this case 1ts affinity is evidently increased
by the combustion of the hydrogen, which
is in fact communicated to it. It is con-
ceivable, that in a similar manner, the car-
bon may be directly oxidised in several cases,
obtaining from its contact with h in

-eremacausis a property which it does not

itself possess at common temperatures. But
the formation of earbonic acid during the
eremacausis of bodies containing hydrogen,
must in most cases be ascribed to another
cause. It appears to be formed in a man-

‘ner similar to the formation of acetic acid,

the eremacausis of saliculite of potash.*
An alkaline solution of hmmatin bein
exposed to an atmosphere of oxygen, ﬂ'g
grm. absorb 286 cubic centimetres of oxy-
gen gas in twenty-four hours, the alkali ac-
quiring at the same time 6 cubic centimetres
of carbonic acid. (Chevreul.) But these
6 cubic centimetres of carbonic acid contain
only an equal volume of oxygen, so that it
is certain from this experiment that § of the
oxygen absorbed have not united with the
earbon. It is hi"hlglprohab]e, that duri
the oxidation of the ydrogen, a portion ::%
the carbon had united with the oxygen con-

 tained in the heematin, and had separated

from the other elements as carbonie acid.

The experiments of De Saussure upon
the decay of woody fibre show that such a
separation is quite possible. Moist woody
fibre evolved one volume of carbonic acid
for every volume of oxygen which it ab-
gorbed. It has just been mentioned that
carbonic acid contains its own volume of
nx‘}i'gem Now, woody fibre contains carbon
and the elements of water, so that the result
of the action of ﬂxr%fn upon it is exactl
the same as if pure charcoal had combined
directly with oxygen. But the characters
of woody fibre show, that the elements of
water are not contained in it in the form of
water; for, were this the case, starch, sugar,
and gum must also be considered as hydrates
of carbon.

In this case it is evident, that the oxygen absorbed
has united merely with the h n.

* This =alt, when expo io o moet atmo-
sphere, absorba 3 atoms ﬂfﬁlrgﬁn ; melanic aced
is produced. a body r@‘HMh!iﬂi umus, in conee-
quence of the fnqnmmn of which, the elements
of 1 atom of acetic acid are separated from the
galiculous acid.
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ously mto fermentation and faction, do
not in reality suffer those changes without
some previous disturbanee in the attraction
of their elements. Eremacausis always
tedes fermentation and putrefaction, and it
15 not until after the absorption of a certain
J’rﬁ:ﬂ uf_nx{fen that the I. of a trans-
n in the interior o substances
nh?u: themselves.
Lis a very general error to suppose that
ﬁmyn sihhstanm have the v:E:E::; un-
ergoing change spontaneously, wi the
aid of an unmnfu . Wf;en they are
not in a state of change, it is necessary, be-
fore they can assume that state, that the
existing equilibrium of their elements should
be disturbed ; and the most common cause
of this disturbance is undoubtedly the atmo-
sphere which surrounds all bodies.
The juices of the fruit or other part of a
plant which very readily undergo decom

sition, retain their properties unch as

long as they are protected from immediate | general

contact with the air, that is, as long as the
cells or organs in which they are contained
resist the influence of the air. It is not
until afier the juices have been exposed to
the air, and have absorbed a certain quan-
tity of oxygen, that the substances dissolved
in them begin to be decomposed.
The beautiful experiments of Gay-Lussac
upen the fermentation of the juice of grapes,
~ as well as the important practical improve-
~ ments to which they have led, are the best
roofs that the atmosphere possesses an in-
luen u%nu the changes of organic sub-
- stances. The juice of grapes which were
expressed under a receiver filled with mer-
cury, so that air was completely excluded,
did not ferment. But when the smallest
portion of air was introduced, a certain
uantity of oxygen became absorbed, and
?etmenmiunimmediately began. Although
the juice was expressed from the grapes
contact with air, under the conditions there-
fore necessary ‘to cause its fermentation, still
this change did not ensue when the juice
was heated in close vessels to the tempera-
ture of boiling water. When thus treated,
it eould be preserved for years without
2

losing its pro of fermenting. A fresh
mw air at any period caused it
o t

Animal food of every kind, and even the
most delicate vegetables, may be preserved
unchanged if heated 10 the temperature of
boiling water in vessels from which the air
is completely execluded. Food thus pre-
pared has been kept for fifieen years, and
upon opening the vessels afier this long
time, has been found as fresh and well-fla-
voured as when originally placed in them.

The action of the oxygen in these pro-
cesses of decomposition 1s very simple; it
excites changes 1 the composition of the
azotised matters dissolved in the juices ;—
the mode of combination of the elements of
those matters undergoes a disturbance and
change in consequence of their contact with
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oxygen. The oxygen acts here in a similar
manner to the fricton or motion which af-
feets the mutual decomposition of two salts,
the erystallization of salts from their solution,
or the explosion of fulminating mercury. It
causes the state of rest to be converted into
a state of motion.

‘When this condition of intestine motion
is once excited, the presence of oxygen is
no longer necessary. The smallest particle
of an azotised body in this act of decompo-
sition exercises an influence upon the parti-
ticles in contact with it, and the state of
motion is thus propagated through the sub-
stance. The air may now be completely
excluded, but the fermentation or putrefac-
tion proceeds uninterruptedly to its comple-
tion. It has been remarked that the mere
contact of carbonic acid is sufficient to pro-
duce fermentation in the juices of se
fruits. |

The contact of ammonia and alkalies in
may be mentioned amongst the
chemical conditions which determine the
commencement of eremacausis; for their
presence causes many substances to absorb
oxygen and to decay, in which neither oxy-
gen nor alkalies alone produce that change.

Thus alcohol does not combine with the
oxygen of the air at common temperatures,
But a solution of potash in alcohol absorbs
oxygen with much rapidity, and acquires a
brown ecolour. The aleohol is found after a
short time o contain acetic acid, formic acid,
and the products of the decomposition of
aldehyde by alkalies, including aldehyde
resin, which gives the liquid a brown colour.

The most general condition for the pro-
duetion of eremacausis in organic matter is
contact with a body already in the state of
eremacausis or putrefaction. We have here
an instance of true contagion; for the com-
munication of the state of combustion is in
reality the effect of the contact.

It 15 decaying wood which causes fresh
wood around it to assume the same condi-
tion, and it is the very finely divided woody
fibre in the act of decay which in moisteneid
gall-nuts converts the tannic acid with such
rapidity into gallic acid.

A most remarkable and decided example
of this induction of combustion has been
observed by De Saussure. It has already
been mentioned, that moist woody fibre,
cotton, silk, or vegetable mould, in the act
of fermentation or putrefaction, converis
oxygen gas which may surround it into car-
honic acid, without change of volume. Now,
De Saussure added a certain quantity of hy-
drogen gas to the oxygen, and observed a
diminution in volume immediately after the
addition. A part of the hydrogen gas had
disappeared, and along with it a portion of
the oxygen, hut a corresponding quantit
of carbonic acid gas had not been formed.
The hydrogen and oxygzen had disappeared
in exactly the same proportion as that in
which they combine to form water; a true
combustion of the h].rdrﬂngeu, therefore, had

1
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Kuhlmann could not suceeed in causing
pure nitrogen to combine directly with oxy-
gen, even under the most favourable circum-
stances ; thus, with the aid of spongy plati-
num at different temperatures, no union
moTkhp]aue.

e carbon in the cyan
lharefnrg, have given rise mnﬁ
of the ni induetion,
¢ On the ‘l:md. ;:nfanlf ;ve find mtammnnia

a com ydrogen and nitrogen)
cannot g)a: osed to the action of oxygen,
without the formation of an oxide of nitro-
gen, and in consequence the production of
nitrie acid.

It is owing to the great facility with which
ammonia is converted into nitric acid, that
it is so difficult to obtain a correct determi-
nation of the quantity of nitrogen in a com-
pound subjected to analysis, in which it is
either contained in the form of ammonia, or
from which ammonia is formed by an eleva-
tion of temperature. For when ammonia is
passed over red-hot oxide of copper, it is
converted, either completely or partially,

into binoxide of

When mmom;:s is conducted over
peroxide of manganese or iron heated to
redness,a lﬂ.:se ﬂ_unnuqr of nitrate of ammo-
nia is Etn.m ,if the ammonia be in excess;

gas must,
combustion

and the same decomposition hap when
and oxygen are passed

‘over red-hot s platinum.

It appears, efore, that the combination

of oxygen with nitrogen occurs rarely during
‘the combustion of compounds of the latter
element with carbon, but that nitric acid is
always a product when ammonia is present
in the substance exposed to oxidation.
- The cause wherefore the ni in am-
monia exhibits such a strong dispesition to
become converted into nitric acid is un-
doubtedly that the two products, which are
the result of the oxidation of the constituents
of ammonia, possess the power of uniting
with one another. Now this is not the case
in the eombustion of eompounds of carbon
and nitrogen ; here one of the products is
carbonic a{:uﬂ’, which, on account of its
seous form, must oppose the combination
of the oxygen and nitrogen, by preventing
their mutual contact, while the suferinr
affinity of its carbon for the oxy uring
the act of its formation will aid this effect.
When sufficient access of air is admitted
during the combustion of ammonia, water
is formed az well as nitric acid, and both of
these bodies combine together. The pre-
sence of water may, indeed, be considered as
one of the conditions essential to nitrification,
since nitric acid cannot exist without it.
Eremacausis is a kind of putrefaction, dif-
fering from the common process of putrefac-
tion, only in the part which the oxygen of the

air plays in the transformations of the body in |

decay. When this is remembered, and when
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form, nitrogen possesses a much greater dis-
position to unite with oxygen than it has in
any of its other compounds; we can with
ditficulty resist the eonclusion, that ammo-
nia is the general cause of nitrification on
the surface of the earth.

Azotised animal matter is not, therefore,
the immediate cause of nitrification, it con-
tributes to the production of nitric acid only
in so far as it is a slow and continued source
of ammonia.

Now it has been shown in theformer part
of this work, that ammonia is always pre-
sent in the atmosphere, so that nitrates
might thence be formed in substances which
themselves contained no azotised matter. It
is known also, that porous substances pos-
sess generally the power of condensing am-
monia; there are few fi inous earths
which do not evolve ammoniacal products
when heated to redness, and ammonia is the
cause of the peculiar smell perceived upon
moistening aluminous minerals. Thus, am-
monia, by being a constituent of the atmo-
sphere, is a very widely diffused cause of
nitrification, which will come into play
whenever the different conditions necessar
for the oxidation of ammonia are combined.
It is probable that other organic bodies in
the state of eremacausis are the means of
causing the eombustion of ammonia; at all
evenls, the cases are very rare, in which
nitric acid is generated from ammonia, in
the absence of all matter capable of erema-
causis.

From the preceding observations on the
causes of fermentation, putrefaction, and de-
cay, we may now draw several conclusions
calculated to correct the views generally en-
tertained respecting the fermentation of wine
and beer, and several other important pro-
cesses of decomposition which oceur in
nature.

_— =

CHAPTER IX.

ON VINQUS FERMENTATION (—WINE AND
BEER.

It has already been mentioned, that fer-
mentation is excited in the juice of grapes
by the aceess of air; aleohol and carbonic
acid being formed by the decomposition of
the sugar contained in the fluid. But it was
also stated, that the process once commenced,

' continues until all the sugar is completely

decomposed, quite independently of any
further influence of the air. _

In addition to the alcohol and earbonic
acid formed by the fermentation of the
juice, there is also produced a yellow or
gray insoluble substance, containing a large
quantity of nitrogen. It is this body which

 possesses the power of inducing fermenta-

it is considered that in the transposition of the | tion in a new solution of sugar, and which
elements of azotised bodies their nitrogen as- | has in consequence received the name of
sumes the form of ammonia, and that in this ferment.
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stances, consequently, in which it is
pable of combining with an acid.

The products of the fermentation and
putrefaction of neutral vegetable and animal
matters are generally accompanied by sub-
slances of an offensive odour; but the most
remarkable example of the generation of a
true ethereal oil is seen in the fermentation
of the Herba centaurium minorius, a plant
which possesses no smell.  When it is ex-
posed in water to a slightly elevated tempe-
rature it ferments, and emils an a ble
Eeueuat.ing odour. By the distillation of the
Yo

inca-

uid, an ethereal oily substance of great

atility is obtained, which excites a prick-
ing sensation in the eyes, and a flow of
tears. (Bichner.)

The leaves of the tobacco plant present
the same rhenumal; when fresh they pos-
sess very little or no smell. 'When they are
subjected to distillation with water, a weak
ammoniacal liquid is obtained, v which
a fauy crystallizable substance swims, which
does not contain ni » and is quite desti-
tute of smell. But when the same plant,
after being dried, is moistened with water,
tied together in small bundles, and placed
in heaps, a peculiar process of decomposi-
tion takes place. Fermentation commences,
and is accompanied by the absorption of
oxygen ; the leaves now become warm and
emit the characteristic smell of prepared to-
bacco and snufl. When the fermentation is
carefully promoted and two high a heat
avoided, this smell increases and becomes
more delicate ; and after the fermentation is
completed, an oily azotised volatile matter
called nicotine is found in the leaves. This
substance—nicotine, which possesses all the
properties of a base, was not present before
the fermentation. The different kinds of
tobacco are distinguished from one another,
like wines, by having very different odorife-
rous substances, which are generated along
with the nicotine.

We know that most of the blossoms and
vegetable substances which ss a smell
owe this property to a volatile oil existing
in them ; but it is not less certain, that others
emit a smell only when they undergo ehange
or decomposition. 4

Arsenic and arsenious acid are both quite
inodorous. It is only during their oxidation
that they emit their characteristic odour of
garlic. The oil of the berries of the elder-
tree, many kinds of oil of turpentine, and oil
of lemons, possess a smell only during their
oxidation or decay. The same 18 the case
with many blossoms; and Geiger has shown,
that the smell of musk is owing to its gradual
putrefaction and decay.

It is also probable, that the peculiar odor-
ong pﬂ'nc:'ple of many vegetable substances
is newly formed during the fermentation of
the saccharine juices of the plants. At all
events, it is a fact, that very small quantities
of the blossoms of the violet, elder, linden,
or cowslip, added to a fermenting liquid, are
sufficient to communicate a very strong taste

AGRICULTURAL CHEMISTRY.

and smell, which the addition of the water
distilled from a quantity a hundred times
greater would not effect. The various kinds
of beer manufactured in Bavaria are dis-
tinguished by different flavours, which are
given by allowing small quantities of the
herbs and blossoms of particular plants to
ferment along with the wort. On the Rhine,
also, an artificial bouquet is often given to

wine for fraudulent 'purpmﬂ, by the addition
of several species of the sa _a_lad roe to the
fermenting liquor; but the fictitious perfume
thus obtained differs from the genuine aroma,
by its inferior durability, by being gra-
dually dissipated. Ay

The juice of grapes grown in different
climates differs not only in the proportion
of free acid which it contains, but also in
respect of the quantity of ;lgur&imulﬂ_i_-;h
it. The quanuty of azotised matter in the
juice seems to be the same in whatever pa
the grapes may grow ; at least no difference
has been o in the amount of yeast
formed during fermentation in the south of
France, and on the Rhine. e

The grapes grown in hot climates, as well
as the g:led juice obtained from them, are

ionally rich in sugar. Hence, durin
o bt e mém\z

decomposition of its azotised .
their separation in the insoluble st
effected before all the sugar has be
verted into aleohol and ecarbonie
certain quantity of the sugar conse
remains mixed with the wine in an
composed state, the condition necessary fo
its further decomposition being absent.

The azotised matters in the juice of g
of the temperate zones, on the contrar
not completely separated in the ins
state, when the entire transformation
sugar iz eflected. The wine of these grapes,
therefore, does not contain sugar, but vari-
able quantities of undecomposed gluten in
e th e e

is gluten gives the wine 1
of becoming spontaneously converted into
vinegar, when the access of air is not pre-
vented. For it absorbs oxygen and becomes
insoluble; and its oxidation is communi-
cated to the alcohol, which is converted into
acetic acid.

By allowing the wine to remain at rest in
casks with a very limited access of air, and
at the lowest possible temperature, the oxida-
tion of this azotised matter is effected with-
out the alecohol undergoing the same change,
a higher temperatare being necessary lo
enable aleohol to combine with oxygen. As
long as the wine in the stilling-casks de-

its yeast, it can still be cauvsed to ferment

y the addition of sugar, but old well-layed

wine has lost this property, because the con-

dition necessary for fermentation, namely,a

substance in the act of decomposition or
putrefaction, is no longer present in it.

In hotels and other places where wine is
drawn gradually from a cask, and a pro
tional quantity of air necessarily introduced,
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Is eremacausis, that is, its conversion into
acetic acid, is prevented by the addition of a
small quantity of sulphurous acid. This
acid, by entering into combination with the
oxygen of the air contained in the cask, or
dissolved in the wine, prevents the oxidation
of the organic matter.

The various kinds of beer differ from one
another in the same way as the wines:

English, French, and most of the German
beers, are converted into vinegar when ex-

to the action of air. But this propert

18 not possessed by Bavarian beer, whing
mnyahédl;tﬂ:_-t in vessels only half filled with-
out itying or experiencing any change.
This valuable quality is uhrmiEed l'gr it hrma
peculiar management of the fermentation of
the wort. The perfection of experimental
knowledge has here led to the solution of
one of the most beawtiful problems of the
theory of fermentation.

- Wort is proportionally richer in gluten
than in sugar, so that during its fermenta-
tion in the common way, a great quantity
of yeast is formed as a thick scum. The

arbonic acid evolved duning the process at-
taches itsell to the particles of the yeast, by
which they become specifically lighter than
the liguid in which they are formed, and rise
to its surface. Gluten in the act of oxida-
tion comes in contact with the particles of

e deco: ing sugar in the interior of the
~ The nic acid from the sugar
soluble ferment from the gluten are
ged simultaneously, and cohere to-

uten remains dis-

vl 1
quantity of
'!;_ﬂhaﬁ;“ the fermented liquid, even after the
transformation of the sugar is completed,
~ and this gluten causes the conversion of the
aleohol into acetic acid, on account of its
strong disposition to attract oxygen, and to
undergo decay. Now, it is plain, that with
its separation, and that of all substances ca-
w of attracting oxygen, the beer would
the property of becoming acid. This
end is completely attained in the process of
fermentation adopted in Bavaria.

The wort, after having been treated with
hops in the usual manner, is thrown into
very wide flat vessels, in which a large sur-
face of the liquid is exposed to the air.
The fermentation is then allowed to proceed,
while the temperature of the chambers in
which the vessels are placed is never allowed
to rise above 45 1o 50° F. The fermentation
lasts from three to six weeks, and the car-
bonie acid evolved during its continuance is
not in large bubbles which burst upon the
surface of the liquid, but in small bubbles
like those which escape from a liquid satu-
rated by high pressure. The surface of the
wort is scarcely covered with a scum, and
all the yeast is deposited on_the bottom  of
the vessel in the form of a viscous sediment.

In order to obtain a eclear conception of
the great difference between the two kinds
of fermentation, it may perhaps be sufficient

to recall to mind the fact, that the transform- |
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ation of glaten or other azotised matters is
a process consisting of several Btagm. The
first s is the conversion of the gluten
inio insoluble ferment in the interior of the
liquid, and as the transformation of the su-
gar goes on at the same time, carbonic acid
and {east are simultaneously d'mpnﬁaged.
It is Fuwn 'v.:}lh certainty, that this ub;mw
tion of yeast depends upon oxvgen bein
appmpql};md the gluuf: in the act of d-E
composition ; but it has not been sufficiently
shown whether this oxygen is derived from
the water, sugar, or from the gluten itself;
whether it combines directly with the glu-
ten, or merely with its hydrogen, so as to
form water. For the purpose of obtaining
a definite idea of the process, we may de-
signate the first change as the s of oxida-
tion. This oxidation of the ﬁmﬂhm,
and the transposition of the atoms of the
sugar into alcohol and carbonic acid, are
necessarily attendant on each other, so that
if the one 1s arrested the other must also
cease,

Now, the yeast which rises to the surface
of the liquid is not the product of a com-
plete decomposition, but is oxidised gluten
still eapable of undergoing a new transform-
ation by the transposition of its consutuent
elements. By virtue of this condition it has
the power to excite fermentation in a solu-
tion of sugar;and if the gluten be also pre-
sent, the decomposing sugar induces its
conversion into fresh yeast, so that, in a eer-
!ninn_s:enae., the yeast appears to reproduce
1sell.

Yeast of this kind is oxidised gluten in a
state of pulrefaction, and by virtue of this
state it induces a similar transformation in
the elements of the sugar. o

The yeast formed during the fermentation
of Bavarian beer is oxidised gluten in a state
of . The process of decomposition
which 1ts constituents are suflering, gives
rise to a very protracted putrefaction ( fer-
mentation) in the sugar. The intensity of
the action is diminished in so great a degree,
that the gluten which the fluid still holds in
solution takes no partin it; the sugar in
fermentation does not excite a similar state
in the gluten. ,

But the contact of the already decaying
and precipitated gluten or yeast causes the
eremacausis of the gluten dissolved in the
worl ; oxygen gas is absorbed from the air,
and all the gluten in solution is deposited as

L.
YE%'EhE ordinary frothy yeast may be removed
from fermenting beer by filtration, without
the fermentation being thereby arrested ; but
precipitated yeast of Bavarian beer cannot
be removed without the whole process of its
fermentation being interrup The beer
ceases to ferment altogether, or, if the tem-
perature is raised, undergoes the ordinary
fermentation.

The precipitated yeast does not exeite or-
dinary fermentation, and consequently is
quite unfitted for the purpose of baking ; but
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compounds of hydrogen are known which
form hydrates; and eustom, which rejects
all dissimilarity until the claim to ‘peculiarity
15 quite proved, leads us to prefer an opinion,
for which there is no farther foundation than
that of analogy. The woad (Jsatis tinctoria)

and several species of the /Nerium contain a
substance similar in many ts to gluten,
which is deposited as indigo blue, when an

aqueous infusion of the dried leaves is ex-
to the action of the air. Now it is
very doubtful whether the blue insoluble in-
digo is an oxide of the colourless soluble
lnlign_, or the latter a combination of hydro-
g‘;: with i:]m indigo b]ulfnn thumas-ha‘;ﬂ ﬂﬁd
same elements in , exeept e
soluble compound contained lzpt:'iruhntni
h more than the blue.
lh:uhe e same manner the soluble gluten
iy be considered a compound of hydrogen,
which becomes ferment by losing a certain
rnnut_y of this element when exposed to
he action of the oxygen of the air under fa-
vourable circumstances. At all events, it is
certain that oxygen is the cause of the in-
soluble condition of gluten; for yeast is not
ing wine, or during the
avarian beer, unless oxy-
gen has access to the fluid. 2
 Now whatever be the form in which the
pxygzen unites with the gluten—whether it
s dis with it or extracts a por-
, forming water—the
5 formed in the interior of the liquid,
squence of the conversion of the glu-
to ferment, will still be the same. Let
suppose that gluten is a compound of an-
pr substance with hydrogen, then this
iydrogen must be removed during the ordi-
nary fermentation of must and wort, by
combining with ox];Fen, exacﬂ{ as in the
eonversion of aleohol into aldehyd by ere-
macausis,

In both cases the atmosphere is excluded ;
the oxygen cannot, then, be derived from
the air, neither can it be supplied by the
elements of water, for it is impossible to Sl‘lﬁ;

that the oxygen will separate from

of water, for the purpose of unit-

ing with the hydrogen of gluten, in order

in to form water. The oxygen must,

, be nhminigd ]iimf 1]1&; ments of

sugar, a ion of which substance must,

in order mﬁhrmnﬁon of ferment, undergo

a different decomposition from that which

produces alcohol. Hence a certain part of

the sugar will not be converted into carbonic

acid and aleohol, but will yield other pro-

ducts containing less oxygen than m;far it-

self contains. products, as has already

been mentioned, are the cause of the great

_difference in the qualities of fermented li-

quids, and particularly in the quantity of
aleohol which they contain.

Must and wort do lﬁntﬂhﬂbm, in ordi-
nary fermentation, yield aleohol i =
tix:-a?tn the quantity of sugar whﬁmﬁq
hold in soluton, a part of the sugar being
employed in the conversion of gluten into
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ferment, and not in the formation of alechol.
But in the fermentation of Bavarian beer all
Lljls i is expended in the um.iu]lll of
oho ;andtbuiu-eapema]l' y the case when-
ever the transformation of the sugar is not
accompanied by the formation of yeast.

It is quite certain that in the distilleries of
brandy from potatoes, where no yeast is
formed, or only a quantity m-sljj:ondmg 1o
the malt which has been added, EQEMPW_
tion of aleohol and earbonie acid obtained
duril:ig the fermentation of the mash corre-
spondsexactly to that of the earbon contained
in the starch. It is also knmown that the
volume of earbonie acid evolved during the
fermentation of beet-roots gives no exaet in-
dication of the proportion of contained
in them, for less earbonic acid 15 obtained
t]ynﬁthe same quantity of pure sugar would

ield. . =

x Beer obtained by the mode of fermenta-
tion adopted in Bavaria contains more aleo-
hol, and ses more intoxicaling proper-
ties, than that made by the ordinary method
of fermentation, when the gquantities of
malt used are the same. The strong taste
of the former beer is generally aseribed to its
containing carbonic acid in larger gquantity,
and in a state of more intimate combination ;
but this opinion is erroneous. Both kinds
of beer are, at the conelusion of the fermen-
tation, completely saturated with carbonic
acid, the one as much as the other. Like
all other liguids, they both must retain such
a portion of the carbonic acid evolved as
corresponds to their power of solution, that
is, to their volumes.

The temperatare of the fluid dunng fer-
mentation has a very important influence
on the quantity of alcohol generated. It
has been mentioned, that the juice of beet-
roots allowed to ferment at from 86° to 95°
(30° to 35° C.) yields no aleohol ; and that
afterwards, in the place of the sugar, man-
nite, a substance incapable ol fermenitation,
and containing very little oxygen, is found,
together with ﬁm’liu acid and mucilage. The
formation of these products diminishes in
proportion as the temperature is lower. But
in vegetable juices, containing nitrogen, 1t 18
im ible to fix a limit, where the trans-
formation of the sugar is undisturbed by
any other process of decomposiuon.

It is known that in the fermentation of
Bavarian beer the action of the oxygen of
the air, and the low temperature, caose

lefe transformation of the sugar into
aleohol ; the cause which 'n._rauld prevent that
result, namely, the extraction of the oxygen
of part of the sugar by the gluten, in its
conversion into ferment, being avoided by
the introduction of oxygen from without.

The quantity of matters in the act of
transformation is paturally greatest at the
beginning of the fermentation of must and
wort; and all the phenomena which accom-
pany the process, such as evolution of gas,
and heat, are best observed at that time.
These signs of lheKchangea proceeding in
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the remarkable result is obtained, that the
proporuon of carbon in the different products
augments. Consequently, if we did not
take into consideration the evolution of car-
bonic acid under the influence of the air,
the conversion of wood into humus might
be viewed as a removal of the elemenis of
water {rom the carbon. .

The analysis of mouldered oak wood,
which was taken from the interior of the
trunk of an oak, and possessed a chocolate
brown colour and the structure of wood
showed that 100 parts of it contained 5336
parts of carbon and 46-44 paris of h
and oxygen in the same relative proportions
as in water. From an examination of
mouldered wood of a light brown colour,
easily reducible to a fine powder, and taken
from another oak, it appeared that it con-
tained 56-211 carbon 43:789 water.

_ These indisputable facts point out the
similarity of the decay of wood with the
sfl_ali'l;!hmbqum:; or n:ida:tim:}f T:.f dbodieu
which contain a quantit n.
Viewed as a kinﬁi‘ mmbuzﬁun, E-t ﬁﬁl{l
indeed be a very extraordi rocess, if
the earbon combined directly with the oxy-

; for it would be a combustion in which
carbon of the burning body augmented

constantly, instead of diminishing. Hence
it is evident that it is the hydrogen which is
sxidised at the ex of the oxygen of the
while the earbonic acid is formed {rom
elements of the wood. Carbon never
bines at common temperatures with
ren, s0 as (o form carbonie acid.
. n whatever stage of decay wood may be,
_ its elements must always be capable of be-
~ ing represented by their equivalent numbers.
1 “’i’ha. following formula illustrates this fact
~ with great clearness:
_ ©36 H22 022—onk wood, according to Gay-
Lussac and Thénard.*

€35 H20 020—humus from oak wood (Meyer.)t

C34 H18 O18—humus from oak wood (Dr.
Will)t

It is evident from these numbers that for
every itwo equivalents of hydrogen which
are oxidised, two atoms of oxygen and one
of carbon are set free.

Under ordinary circumstances, woody
fibre requires a very long time for its decay ;
but this process is of course much accele-

rated by an elevated temperature and free un-
restrained access of air. The decay, on the
contrary, is much retarded by absence of
moisture, and by the wood being surrounded
with an atmosphere of carbonic acid, which
prevents the access of air 10 the decaying
maltters. ; : .
Sulphurous acid, and all antiseptic sub-
stances, arrest the decay of woody fibre. It

=

* The calculation gives 52'5 carbon, and 47'5
w?rl?}"he calculation gives 54 carbon, and 46
w.tw"i-:he calculation gives 56 carbon, and 44

water.

is well known that corrosive sublimate is
employed for the purpose of protecting the
umber of ships from decay ; it 15 a substance
which completely deprives vegetable or ani-
mal matters, the most prone to decomposi-
tion, of their property of entering into fer-
mentation, putrefaction, or dmz.

But the decay of woody fibre is wery
much accelerated by eontaet with alkalies or
alkaline earths; for these enable substances
to absorb oxygen, which do not possess
this power themselves; aleohol, gallie acid,
tannin, the vegetable colouring matters, and
several other substances, are thus affected

them. Acids produce quite an opposite

ct; they greatly retard m{m

Heavy , consisting of loam, retain
longest the most important condition for the
decay of the vegetable matter contained in
them, viz., water; but their impermeable
nature prevents contact with the air.

In moist sandy soils, particularly such as
are eomposed of a mixture of sand and ear-
bonate of lime, decay proceeds qu‘n:]ﬂr,
it being aided by the presence of the slightly
alkaline lime.

Now let us consider the decay of wood
fibre during a very long period of time, an
suppose that its cause is the gradual removal
of the hydrogen in the form of water, and
the separation of its oxygen in that of ear-
bonic acid. It is evident that if we sub-
tract from the formula C®, H2, (%, the 22
equivalents of oxygen, with 11 equivalents
of carbon, and 22 equivalents of hydrogen,
which are supposed to be oxidised by the
oxygen of the air, and separated in the form
of water; then from | atom of cak wood,
25 atoms of pure carbon will remain as the
final product of the decay. In other words,
100 parts of oak, which contain 525 paris
of earbon, will leave as a residue 37 parls
of carbon, which must remain unchanged,
sinee carbon does not combine with oxygen
at common temperatures.

But this final result is never attained in
the deeay of wood under common circum-
stances; and for this reason, that with the
increase of the proportion of carbon in the
residual humus, as in all decompositions of
this kind, its atraction for the hydrogen,
which still remains in combination, also in-
creases, until at length the affinity of oxygen
for the hydrogen is equalled by that of the
carbon for the same element.

In proportion as the decay of woody fibre
advances, its property of burning with flame,
or in other words, of developing carburetted
hydrogen on the application of heat, dimi-
nishes. Decayed wood burns without flame;
whence no other conclusion can be drawn,
than that the hydrogen, which analysis
ghows to be present, is not contained in it
in the same form as in wood.

Decayed oak contains more carbon than
fresh wood, but its hydrogen and oxygen
are in the same proportion.

We would naturally expect that the flame
given out by decayed wood should be more

e —
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which exercises a medicinal influence when | lowing law, long since proposed by La Place
nitrate of silver is administered ; the remain- |and Berthollet, although 1ts truth with re-

ill%l chloride of silver is eliminated from the
l::r mze in ti:: ordinary way. Solubility is
in lheﬂmanm : o Ampeminiines

The soluble aaﬂs of lead possess many

properties in common with the salts of silver
and mercury ; but all compounds of lead
with organic matters are capable of decom-
position by dilute sulphuric acid. The dis-
ease call inter's colic 15 unknown in all
manufactories of white lead in which the
workmen are accustomed to lake as a pre-
servative sulphuric acid lemonade (a solu-
t!:l']'ll ff sugar rendered acid by sulphuric
acid. :

_The organic substances which have com-
bined in the living body with metallic oxides
or metallic salts, their property of im-
bibing water and retaining it, without at the
same lime being rendered incapable of per-
mitting liquids to penetrate throu
pores. A strong contraction and
of the surface is the general effect of contact
with these metallic bodies. But corrosive
sublimate, andu]geveral of the salts of lead,
possess a peculiar property, in addition to
those already menﬁunﬁn When they are
nt in excess, they dissolve the first
ed insoluble compounds, and thus pro-
duce an effect quite the reverse of contrac-

ion, namely, a sofiening of the part of the

on which they have acted. .

s of oxide of copper, even when in
hination with the most powerful acids,
uced by many vegetable substances,
eularly such as sugar and honey, either
metallic copper, or into the red sub-
oxide, neither of which enters into combina-
tion with animal matter. It is well known
that sugar has been long employed as the
most convenient antidote for poisoning by

their
rinking

ith respect to some other poisons,
namely, hydrocyanic acid and the organic
bases strychniac and brucia, we are ac-
uainted with no facts calculated to eluci-
the nature of their action. It may,
however, be presumed with much certainty,
that experiments upon their mode of action
on different animal substances would very
quickly lead to the most satisfactory conclu-
sions regarding the cause of their poisonous
effects.

There iz a peculiar class of substances,
which are generated during certain pro-
cesses of decomposition, and which act upon
the animal economy as deadly poisons, not
on account of their power of entering into
combination with it, or by reason of their
containing a poisonous material, but solely

virtue of their peculiar condition.

In order to attain to a clear conception of
the mode of action of these bodies, it is ne-
cessary to call to mind the cause on which
we have shown the phenomena of fermen-
tation, decay, and putrefaction to depend.

This cause may be expressed by the fol-

‘spect o chemical phenomena has only lately
‘been proved. “. molecule sel in motion by
‘any power can impart its own molion to
r molecule with which it may be in

This is a law of dynamics, the operation
of which is manifest in all cases, in which
the resistance ( foree, affinity, or cohesion,)
opposed 1o the motion is not sufficient 10
overcome it.

We have seen that ferment or yeast is a
body in the state of decompusition, the
atoms of which, consequently, are in a state
of motion or transposition. Yeast placed
in contact with sugar communicates to the
elements of that compound the same state,
in consequence of which, the copstituents
of the sugar arrange themselves into new
and simpler forms, namely, into aleohol and
carbonic acid. In these new compounds
the elements are united together by sironger
affinities than they were in the sugar, and
therefore under the conditions in which
they were produced further decomposition
is arrested.

We know, also, that the elements of
nuf:r assume totally different arrangements,
when the substances which excite their
transposition are in a different state of de-
composition from the yeast just mentioned.
Thus, when sugar is acted on by rennet or
putrefying vegetable juices, it is not con-
verted into alcohol and carbonic acid, but
into lactic acid, mannite, and gum.

Again, it has been shown, that yeast
added to a solution of pure su,,:,lar gradually
disappears, but that when added to vege-
table juices which contain gluten as well as
sugar, it is reproduced by the decomposition
of the former substance.

The yeast with which these liquids are
made to ferment has itself been originally
produced from gluten. ! ‘

The conversion of gluten into yeast In
these vegetable li_uiues 16 dependent on the
decomposition (fermentation) of sugar; for,
when the sugar has completely disappeared,
any gluten which may still remain in the
:quuij does not suffer change from contact
with the newly-deposited yeast, but retains
all the characters of gluten.

Yeast is a product of the decomposition
of gluten ; but it passes into a second stage
of decomposition when in contact with
water. On account of its being in this
state of further change, yeast excites fermen-
tation in a fresh solution of sugar, and if
this second saccharine fluid should contain
gluten, (should it be wort, for example,g
yeast is again generated in consequence o
the transposition of the elements of the
sugar exciting a similar change in this

luten.
'~ Afer this explanation, the idea that yeast
reproduces itsell as seeds reproduce seeds,
| cannot for a moment be entertained.
From the foregoing facts it follows, that
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organ opposes no resistance. The compo-
nent lpatl:n of the organ must suffer ch
simultaneously with the starch, so that the
more starch is furnished to it, the more ener-
getic and intense the disease must become ;
while if only food which is incapable of
suffering such transformations from the
same cause is supplied, and the vital '
15 strengthened by stimulant remedies and
nourishment, the chemical action may fin
har:ibdued, or,in other words, the disease
cu

ﬂnlil;lﬁ- c;?'remiun uf-at;rlah into n?iu r d:;:my
: ected uten, a ilate
mineral acids. o

- From all the preceding facts, we see that

very various transpositions, and changes of
composition and properties, may be pro-
duced in complex organic molecules, by
every cause which occasions a disturbance
in the attraction of their elements.

When moist copper is exposed to air con-
taining carbonic acid, the contact of this
acid increases the affinity of the metal for
the oxygen of the air in so great a d
that they combine, and the surface of the
copper becomes covered with carbo-
nate of copper. Two bodies, which pos-
sess the power of combining together, as-
sume, however, opposite electric conditions
at the moment at which they come in

' is placed in contact with
electric condition is excited,
nsequence of which the pmdﬁrty of
pper to unite with oxygen 1s destroyed,
the metal remains quite bright.
hen formate of ammonia is exposed to
mperature of 3882 F. (180° C.) the in-
ity and direction of the chemical force
a change, and the conditions under

TN

~ which the elements of this compound are

 enabled to remain in the same form ceases

to be present. The elements, therefore, ar-
ange themselves in a new form; hydro-
mﬂin acid and water being the result of

Mechanical motion, friction, or agitation,
is sufficient to cause a new disposition of
the constituents of fulminating silver and
mercury, that is, to effect another arrange-
ment of their elements, in eonsequence of
which, new compounds are formed.

We know that electricity and heat possess
a decided influence upon the exercise of
chemical affinity ; and that the attractions
of substances for one another are subordi-
nate to numerous causes which chanf;e the
condition of these substances, by altering
the direction of their attractions. In the
same manner, therefore, the exercise of
chemical powers in the living organism 1s
dependent upon the vital prim:iEle.

he power of elements to unite together,
and to form peculiar compounds, which are
erated in animals and vegetables, is
chemical -affinity ; but the cause by which
they are prevented from arranging them-
gelves according to the i'.l?egmes of their natu-

ally | matter does not

iral attractions—the cause, therefore, by

which they are made to assume their pecu-
liar order and form in the body—is the vital
prineiple.

After the removal of the cause which
forced their union—that is, afier the extine-
tion of life—most organie atoms retain their
condition, form, and nature, only by a visin-
ertiee ; for a great law of nature proves that
the power of spon-
taneous action. A body in motion loses its
motion only when a resistance is opposed to
it; and a body at rest cannot be put in mo-
tion, or into any action whatever, without
the operation of some exterior cause.

The same numerous causes which are
opposed to the formation of complex organie
molecules, under ordinary circumstances,
oceasion I:helr tﬁlm:lnpmition and mmﬁ
ations when the only antagonist power,
vital principle, no i mm in-
fluence of those causes. Contact with air
and the most feeble chemical action now
effect changes in the complex molecules ;
even the presence of any body the particles
of which are undergoing motion or transpo-
sition, is often sufficient to destroy their state
of rest, and to disturb the statical equilibrium
in the attractions of their constituent
ments. An immediate consequence of this
is that they arrange themselves according to
the different degrees of their mutual attrac-
tions, and that new compounds are formed
in which chemical a!ﬁmtjrfhas h;l:e ats'nend-
ency, and opposes any further, change,
while the conditions under which these
compounds were formed remained unaltered.

TABLES:

SHOWING THE PROPORTION BETWEEN THE
HESSIAN AND EFRGLISH STANDARD OF
WEIGHTS AND MEASURES.

I general all the weights and measures
employed in this edition are those of the
English standard. In a few cases only, the
Hessian weights and measures have been
retained. In these the numbers do not re-

resent absolute quantities, but are merely
intended to denote a proportion ito other
numbers. This has been done to avoid any
unnecessary intricacy in the caleulations,
and to present whole numbers to the reader,
without distracting his attention by decimal
parts. For those, however, whn_wmh to bg
acquainted with the exact English quanti-
ties, a table is given below.

1 1b. English is equal to 0-30719 Ibs. Hes-
sian; hence, about one-tenth less than the
latter.

1 Ib. Hessian is equal to  1'102 Ibs. English.

2 |ba. Hessian are cqual to 2:204 '
3 .- = - - - 3306 [
4 . a - 4409 £
- - 5511 o
6 - - 6612 “
RRRC N ~OF L O Y PTG "
@i a v Semeer sue > 8818 “
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