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ADVERTISEMENT

TO

THE FIFTH EDITION.

In this Edition, the text of the last, to which the
advertisement of the Author prefixed refers, has
been scrupulously preserved unaltered. The only
liberty I have taken has been in adding a few foot
notes, at the request of the publishers, chiefly
relating to facts ascertained since 1826.

Joux Davy.

Fort Pitt, Chatham,
Nov. 5. 1835.






ADVERTISEMENT

THE FOURTH EDITION.

Durine ten years, trom 1802 to 1812, I had the
honour, every Session, of delivering Courses of
Lectures before the Board of Agriculture. I en-
deavoured, at all times, to follow in them the
progress of discovery ; they therefore varied every
year : and since they were first published in 1813,
some considerable improvements have been made
in chemical science, which have rendered many
alterations and additions necessary.

I am indebted for much useful information to
many gentlemen who have endeavoured to improve
Agriculture, and to apply scientific principles to
this most important of the Arts; of which acknow-
ledgments will be found in the body of the Work.
I hope there are no omissions on this head ; but
should they exist, I trust they will be attributed to
defect of recollection, and not to any want of
candour or of gratitude.

Where I have derived any specific statements
from books, 1 have always quoted them; but I
have not always made references to such doctrines
as are become current, the authors of which are
well known ; and which may be almo#t considered
as the property of all enlightened minds.

In revising this work for the feurth edition, I



\Z! ADVERTISEMENT,

have been forcibly struck with its imperfections,
and I regret that I have been able to do so little
to render it more worthy of the approbation of
those readers for whom it was designed. My
object has been principally to dwell upon practical
principles and practical applications of science ;
and it is in the farm and not in the laboratory
that these can be put to the test of experiment,
and my duties and pursuits have rendered it
possible for me to do more than point out the

of inquiry — to indicate the road to improvement.
The manner in which the work has been received,
both in this country and the Continent, induces
me to hope that its object, however humble, has
been to a certain extent attained, and that it has
not been without its utility.

I have retained an Appendix containing an
account of the experiments on Grasses instituted
by the Duke of Bedford at Woburn, because
many of these experiments are alluded to in the
body of the work. I am happy, however, to be
able to refer my readers to a much fuller and
more detailed account of this subject of investiga-
tion, in a treatise published by Mr. George Sinclair,
entitled Hort. Gram. Woburnensis, and which,
from the nature of the details, and the singular
modesty and clearness with which they are given,
is well worthy the perusal of all persons interested
in agricultural pursuits. -

* H. DaAvy.

Park Street, :
January 1. 1827.
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COURSE OF LECTURES,
&e.

LECTURE L

INTRODUCTION. GENERAL VIEWS OF THE OBJECTS OF
THE COURSE, AND OF THE ORDER IN WHICH THEY
ARE TO BE DISCUSSED.

It is with great pleasure that I receive the per-
mission to address so distinguished and enlightened
an Audience on the subject of Agricultural
Chemistry.

That any thing which I am able to bring for-
ward, should be thought worthy the attention of
the Board of Agriculture, I consider as an honour;
and I shall endeavour to prove my gratitude, by
employing every exertion to illustrate this depart-
ment of knowledge, and to point out its uses.

In attempting these objects, the peculiar state
of the inquiry presents many difficulties to a Lec-
turer.  Agricultural Chemistry has not yet re-
ceived a regular and systematic form. It has
been pursued by competent experimenters for a

short time only: the doctrines have not as yet
B 2



been collected into any elementary treaise ; and
on an occasion when I am obliged to trust so much
to my own arrangements, and to. my own limited
information, I cannot but feel ‘diffident -as to the
interest that may be excited, and doubtful of the
success of the undertaking. I know, however, that
your candour will induce you not to expect any
thing like a finished york upon a science as yet in
its infancy; and I am sure you will receive with
indulgence the first attempt made in this country
to illustrate it, by a series of experimental demon-
strations.

Agricultural Chemistry has for its objects all
those changes in the arrangements of matter con-
nected with the growth and nourishment of plants ;
the comparative values of their produce as food ;
the constitution of soils; the manner in which
lands are enriched by manure, or rendered fertile
by the different processes of cultivation. Inqui-
ries of such a nature cannot but be interesting and
important, both to the theoretical agriculturist,
and to the practical farmer. To the first they are
necessary in supplying most of the fundamental
principles on which the theory of the art depends.
To the second they are useful in affording simple
and easy experiments for directing his labours,
and for enabling him to pursue a certain and sys-
tematic plan of improvement.

It is scarcely possible to enter upon any inves-
tigation in agriculture without finding it connected,
more or less, with doctrines or elucidations de-
rived from chemistry. .

If land be unproductive, and a system of ame-



diorating it is to be attempted, the sure method of
obtaining ‘the object is by determining the cause
of its sterility, which must. necessarily depend
upon some defect in the constitution of the soil,
which may be easily discovered by chemical
analysis. .

Some lands of good appgrent texture are yet
sterile in a high degree; and common observation
- and common practice afford no means of ascertain-
ing the cause, or of removing the effect. The
application of chemical tests in such cases is ob-
vious ; for the soil must contain some noxious
principle, which may be easily discovered, and pro-
bably easily destroyed.

Are any of the salts of iron present? they may
be decomposed by lime. Is there an excess of
siliceous sand? the system of improvement must
depend on the application of clay and calcareous
matter. Is there a defect of calcareous matter ?
the remedy is obvious. Is an excess of vegetable
matter indicated? it may be removed by liming,
paring, and burning. Is there a deficiency of
vegetable matter? it is to be supplied by manure.

A question concerning the different kinds of
limestone to be employed in cultivation often oc-
curs. To determine this fully in the common
way of experience, would demand a considerable
time, perhaps some years, and trials which might
be injurious to crops; but by simple chemical
tests the nature of a limestone is discovered
in a few minutes; and the fitness of ifs appli-
cation, whether as a manure for different soils, or
as a cement, determined.

B 3



Peat earth of a certain consistence and compor
‘sition is an excellent manure ; but there are some
varieties of peats which contain so large a quantity
of ferruginous matter as to be absolutely poisonous .
to plants. Nothing can be more simple than the
chemical operation for determining the nature,
and the probable uses of a substance of this kind.

There has been no question on which more dif-
ference of opinion has existed, than that of the®
state in which manure ought to be ploughed into
the land ; whether recent, or when it has gone
through the process of fermentation? and this
‘question is still a subject of discussion : but who
ever will refer to the simplest principles of che-
mistry, cannot entertain a doubt on the subject.,
As soon as dung begins to decompose, it throws
off its volatile parts, which are the most valuable
and most efficient. Dung which has fermented,
50 as to become a mere soft cohesive mass, has
generally lost from one third to one half of its
most useful constituent elements; and, that it may
exert its full action upon the plant, and lose none
of its nutritive powers, it should evidently be ap-
plied much sooner, and long before decomposition
has arrived at its ultimate results.

It would be easy to adduce a multitude of other
nstances of the same kind; but sufficient, I trust,
has been said to prove, that the connection of Che-
mistry with Agriculture, is not founded on mere.
vague speculation, but that it offers principles
which ought to be understood and followed, and
which, in their progression and application, can
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hardly fail to be highly beneficial to the commu.
nity. .

A view of the objects in this Course of Lec-
tures, and of the manner in which they are to be
“treated, will not, I hope, be considered as an impro-
per introduction. It will inform you what you are
to expect; it will afford a general idea of the con-
nection of the differamt parts of the subject, and of
their relative importance ; it will enable me to give
some historical details of the progress of this
branch of knowledge, and to reason from what
has been ascertained, concerning what remains to
be investigated and discovered.

The phenomena of vegetation must be consi-
der®d as an important branch of the science of
organised nature; but though exalted above in-
organic matter, vegetables are yet in a great mea-
sure dependent for their existence upon its laws.
They receive their nourishment from the external
elements ; they assimilate it by means of peculiar
organs; and it is by examining their physical and
chemical constitution, and the substances and
powers which act upon them, and the modifications
which they undergo, that the scientific principles of
Agricultural Chemistry are obtained.

Accoeding to these ideas, it is evident that the
studfought to be commenced by some general in-

,guiries into the composition and nature of mate-
rial bodies, and the laws of their changes. The
surface of the earth, thg atmosphere, and the
water deppsited from it, must eitheg gogether or
separately afford all the principles concerned in
vegetation; and it is only by examining the che-

B 4
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mical nature - of these pringiples, that we aré
capable af discovering what Eﬁ the food of plants;
and the manner in which this food is suppliec
and prepared for their nourishment. The prin-
ciples of the constitution of bodies, consequently.
will form the first subject for our consideration:
By methods of analysis dependent upon che-
mical and electrical instrumegts discovered in.late
times, it has been ascertained that all the varietiec
of material substances may be resolved tto a com-
paratively small number of bodie€, which, as they
are not capable Qf being decompounded, are con-
sidered in the present state of chemical knowledge
as elements. The bodies incapable of decomposi-
tion af present known are fifty-two.* Of thege
{orty are metals; eight are inflammable bodies ;
and five are substances which unite' with metals
and inflammable bodies, and form with them acids,
alkalies, earths, or other analogous compounds.
The chemical elements acted upon by attractive
powers combine in different aggregates. In their
simpler combinations,’ ﬁley produce variousscrystal-
-line substances, distinguished by the regularity of
their forms. In more complicated arrangements,
they constitute the varieties of vegetable and aminal
substances, bear the higher character of #rganisa.
tion, and are rendered subservient to the pliposes
of life. And by the influence of heat, light, ang

electrical powers, there is a constant series of
) »

* The numgber is now ﬁfty}odr. Since the above was written,
thorium has b&n discovered by Berzelius, and ®anadidm by
Sefstrom ; both of them metals, as their termingtion ingicates.

4
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changes ; matter- as&mes fiew forms, the destruc-
tion of one order of Beings tends to the conserv-
ation of another ; solution and consolid4tion, decay
and renovation, are connected, and whilst-the parts
Jf the system continue in a state of fluctuation and
change, the order and harmony of the whole re-
main unalterable.

After a general vie® has been taken of the na-
ture of the elements; and of the principles of che-
mical changes, the next object will be the structure’
and constitution of plants. In all plants there
exists a system of tubesiop vessels, which in one
extxemlty terminate ingroots, and at the other in
leaves. "It is by the capillary action of the roots

at fluid matter is taken up from the soil. *The
sap i passing upwards becomes denser, and more
fitted to deposit solid matter: it is modified by
exposure to hef, light, and air in the leaves; de-
scends through the bark, in its progress produces
new organised matter ; and is thus, in its vernal and
autumnal flow, the cause of the formation of new
parts, and of the more perfeet evolution of parts
already formed.

In this part of the inquiry, I shall endeavour to
chnmect together into a general view, the observa-
tions of th@ most enlightened philosophers who have
studied the physiology of vegetation. Those of
Gygmn, Malpighi, Sennebier, Darwin, De Candolle,
Mirbel, and, above all, of Mr. Knight. He is the
lat®st inquirer into these interesting subjects, and
his labqurs hgve tended most to illustrate ¥his part
of the economy of nature, -

The Themjcal composition of ‘plants has, within
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the last ten years, been elucidated by the experi-
ments of a number of chemical philosophers, both
in this and in other countries ; and it forms a beau-
tiful part of general chemistry; it is too extensive
to be treated of minutely ; but it will be necessafy
to dwell upon such parts of it, as afford practical
inferences.

If the organs of plants b®submitted to chemical
analysis, it is found that their almost infinite di-
versity of form depends Upon’diﬁ'efent arrange-
ments and combinations of a very few of the
elements ; seldoma moxe than seven or-eight belong
to them, and three constitete the greatest part of’
their organised matter ; and according to the man-
ner in whijch these elements are disposed, arfesthe
different properties of the products of vegetation,
whether employed as food, or for other purposes
and wants of life.

The value and uses of every species of agricul-
tural produce, are most correctly estimated and
applied, when practical knowledge is assisted by
principles derived from chemistry. The com-
pounds in vegetables really nutritive as the food of
animals, are very few; farina or the pure matter
of starch, gluten, sugar, vegetable gelly, oil and
extract.* Of these the most nutritivk ¥ gluten,

* Doubt may be entertained of the number being so limited.
As the saw-dust of wood is capable of being converted a4 a
kind of bread, by a peculiar process, it is not improbable that,’
by the digestive powers of animals, nourishment may be derived
from subgtgnces analogous to saw-dust, as chaff, &c. Inthe
Ionian islands, where cattle are miserably kept®during the winter
months, they are fed chiefly on straw, and the horses of the
farmer on straw and the cuttings of the vine.—Vide p 188.,and
note, p. 118. J. D.
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which approaches nearest in its nature to animal
matter, and which is the substance that gives to
wheat its superiority over other grain. The next
in order as to nourishing power is oil, then sugar,
then farina; and last of all, gelatinous and ex-
tractive matters, Simple tests of the relative nou-
rishing powers of the different species of food, are
the relative quantities of these substances that they
afford by analysis; and though taste and appear-
ance must influence the consumption of all erticles
in years of plenty, yet they are less attended to in
times of scarcity, and on such occasions this kind
of knowledge may be- of the greatest importance.
Sugar and farina, or starch, are very similar in com.
position, and are capable of being converted into
each other by simple chemical processes. In the
discussion of their relations, I shall detail to you
the results of some recent experiments, which will
be found possessed of applications both to the
economy of vegetation, and to some important pro-
cesses of manufacture.

All the varieties of substances found in plants,
are produced from the sap; and the sap of plants is
derived from water, or from the fluids of the solil,
and it is altered by, or combined with, principles
derived, from the atmosphere. The influence of
the soil, of water, and of air, will therefore be the
next subject of consideration. Soils in all cases
consist of a mixture of different finely divided
earthy matters; with animal or vegetable sub-
stances in a state of decompositjon, and certain
saline ingredients. The earthy matters are the
true basis of the soil; the other parts, whether
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natural, or artificially introdueed, operate in the
‘'same manner as manures. Four earths generally
abound in soils; the aluminous, the siliceous, the
calcareous, and the magnesian. These earths, as
I have discovered, consist of highly inflammable
metals united to pure air or oxygene; and they
are not, as far as we know, decomposed or altered
in vegetation.

The great use of the soil is to afford support. to
the pMnt, to enable it to fix its roots, and to derive
nourishment by its tubes slowly and gradually,
from the soluble and dissolved substances mixed
with the earths.

That a particular mixture of the earths is con-
nected with fertility, cannot be doubted: and al-
most all sterile soils are capable of being improved,
by a modification of their earthy constituent parts.
I shall describe the simplest method as yet dis-
covered of analysing soils, and of ascertaining the
constitution and chemical ingredients which ap-
pear to be connected with fertility; and on this
subject many of the former difficulties of inves-
tigation will be found to be removed by recent
inquiries.

The necessity of water to vegetation, and the
luxuriancy of the growth of plants connected with
the presence of moisture in the southern countries
of the old continent, led to the opinion so preva-
lent in the early schools of philosophy, that water
was the great productive element, the substance
from which all ghings were capable of being com--
posed, and into which they were finally resolved.
The ¢ apioroy pev dwp’’ of the poet, ¢ water is



13

thé noblest,” seems to have been an expression.of
‘this opinion, adopted by the Greeks from the
Egyptians, taught by Thales, and revived by the
alchemists in late times. Van Helmont, in 1610,
conceived that he had proved, by a decisive ex-
periment, that all the products of vegetables were
capable of being generated from water. His results
were shown to be fallacious by Woodward in 1691 ;
but the true use of water in vegetation was un-
known till 1785; when Mr. Cavendish made the
diseovery, that it was composed of two-"8lastic
fluids or gases, inflammable gas or hydrogen, and
vital gas or oxygen.

Air, like water, was regarded as a pure element
by most of the ancient philosophers: a few of the
chemical inquirers in the sixteenth and seventeenth
centuries, formed some happy conjectures respect-
ing its real nature. Sir Kenelm Digby, in 1660,
supposed that it contained some saline matter,
which was an essential food of plants. Boyle,
Hook, and Mayow, between 1665 and 1680,
stated, that a small part of it only was consumed
in the respiration of animals, and in the combus-
tion of inflammable bodies; but the true statical
analysis of the atmosphere is comparatively a recent
labour, achieved towards the end of the last cen-
tury by Scheele, Priestley, and Lavoisier. These
celebrated men showed that its principal elements
are two gases, oxygen and azote, of which the
first is- essentlal to flame, and to the life of animals,
and that it likewise contains small quantities of
aqueous vapour, and of carbonic acid gas; and
Lavoisier proved that this last body is itself a com-
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pound elastic fluid, consisting of charcoal dissolved
in oxygen.

Jethro Tull, in his treatise on Horse-hoeing,
published in 1738, advanced the opinion, that
minute earthy particles supplied the whole nourish-
ment of the vegetable world; that air and water
were chiefly useful in producing these particles
from the land ; and that manures acted in no other
way than in ameliorating the texture of the soil,
in short, that their agency was mechanical. This
ingenious author of the new system of agriculture
having observed the excellent effects produced in
farming, by a minute division of the soil, and the
pulverisation of it by exposure to dew and air, was
misled, by carrying his principles too far. Du-
hamel, in a work printed in 1754, adopted the
opinion of Tull, and stated, that by finely dividing
the soil, any number of crops might be raised in
succession from the same land. He attempted
also to prove, by direct experiments, that vegeta-
bles of every kind were capable of being raised
without manure. This celebrated horticulturist
lived, however, sufficiently long to alter his opinion.
The results of his later and most refined observ-
ations led him to the conclusion, that no single
material afforded the food of plants. The general
experience of farmers had long before convinced
the unprejudiced of the truth of the same opinion,
and that manures were absolutely consumed in the
process of vegetation. The exhaustion of soils by
carrying off corn crops from them, and the effects
of feeding cattle on lands, and of preserving their
manure, offer familiar illustrations of the principle ;
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and several philosophical inquirers, particularly Has-
senfratz and Saussure, have shown by satisfactory
experiments, that animal and vegetable matters
deposited in soils are absorbed by plants, and be-
come a part of their organised matter. But though
neither water, nor air, nor earth, supplies' the
whole of the food of plants, yet they all operate in
the process of vegetation. The soil is the labo-
ratory in which the food is prepared. No manure
can be taken up by the roots of plants, unless
water is present ; and water or its elements exist
in all the products of vegetation. The germination
of seeds does not take place without the presence
of air or oxygen gas: and in the sunshine, vege-
tables decompose the carbonic acid gas of the at-
mosphere, the carbon of which is absorbed, and
becomes a part of their organised matter, and the
oxygen gas, the other constituent, is given off *;
and, in consequence of a variety of agencies, the
economy of vegetation is made subservient to the
general order of the system of nature.

It is shown by various researches, that the con-
stitution of the atmosphere has been always the
same since the time that it was first accurately
analysed ; and this must, in a great measure, de-
pend upon the powers of plants to absorb or de-.

* The great accumulation of carbon in forests and in peat
mosses, not to lay stress on beds of mineral coal, which there is
good reason to consider of vegetable origin, affords demonstrative
proof, as it appears to me, of the truth in the text, that plants,
in active vegetation and growth, either mediately or immediately

derive from the atmosphere carbon, by the decomposition of
carbonic acid and the liberation of its oxygen. J. D.
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compose the putrefying or decaying remains of
animals and vegetables, and the gaseous effluvia
which they are constantly emitting. Carbonic
acid gas is formed in a variety of processes of fer-
mentation and combustion, and in the respiration
of animals; and as yet no other process is known
in nature by which it can be consumed, except
vegetation. Animals produce a substance which
appears to be a necessary food of vegetables;
vegetables evolve a principle necessary to the ex-
istence of animals; and these different classes of
beings seem to be thus connected together in the
exercise of their living functions, and to a certain
extent made to depend upon each other for their
existence. Water is raised from the ocean, diffused
through the air, and poured down upon the soil,
so as to be applied to the purposes of life. The
different parts of the atmosphere are mingled
together by winds or changes of temperature, and
successively brought in contact with the surface
of the earth, so as to exert their fertilising influ-
ence. ‘The modifications of the soil, and the ap-
plication of manures, are placed within the power
of man, as if for the purpose of awakening his
industry, and of calling forth his powers.

The theory of the general operation of the more
compound manures, may be rendered very obvieus
by simple chemical principles; but there is still
much to be discovered, with regard to the best
methods of rendering animal and vegetablé®sub-
stances soluble ; with respect to the processes of
decomposition, how they may be accelerated or
retarded, and the means of producing the greatest



17

effects from the materials employed : these subjects
will be attended to in the Lecture on Manures.
Plants are found by analysis to cousist princi-
pally of charcoal and aériform matter. They give
out by distillation volatile compounds, the elements
of which are pure air, inflammable air, eoally
matter, and azote, or that elastic substance which
forms a great part of the atmosphere, and which
is incapable of supporting combustion. These
elements they gain,-either by their leaves from the
air, or by their roots from the soil. All manures
from organised substances contain the principles
of vegetable matter, which, during putrefaction,
are rendered either soluble in water or aériform —
and in these states, they are capable of being assi-
milated to the vegetable organs. No one principle
affords the pabulum of vegetable life ; it is neither
charcoal nor hydrogen, nor azote, nor oxygen
alone; but all of them together, in various states
and various combinations. Organic substances,
as soon as they are deprived of vitality, begin to
pass through a series of changes, which ends in
their complete destruction, in the entire separation
and dissipation of the parts. Animal matters are
the soonest destroyed by the operation of air,
heat, and light. Vegetable substances yield more
slowly, but finally obey the same laws.* 'The pe

* This statement in the text, though correct generally, is not
without exception. Some vegetable substances undergo change
very rapidly ; some animal substances very slowly. The ex-
pressed juices of most fruits enter into the vinous fermentation
as rapidly, or even more rapidly, at the temperature of 70° Fahr.
than the animal fluids do the putrefactive; the white tissues of

animals, as tendons, &c. resist change with great pertinacity. —
J.nD.
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riods of the application of manures from decompos-
ing animal and vegetable substances depend upon
the knowledge of these principles; and I shall be
able to produce some new and important facts
founded upon them, which I trust will remove all
doubt from this part of agricultural theory.

The chemistry of the more simple manures, the
manures which act in very small quantities, such
as gypsum, alkalies, and various saline substances,
has hitherto been exceedingly obscure. It has
been generally supposed that these materials act
in the vegetable economy in the same manner as
condiments or stimulants in the animal economy,
and that they render the common food more nu-
tritive. It seems, however, a much more pro-
bable idea, that they are actually a part of the
true food of plants, and that they supply that kind
of matter to the vegetable fibre, which is analogous
to the bony matter in animal structures.

The operation of gypsum, it is well known, is
extremely capricious in this country, and no cer-
tain data have hitherto been offered for its appli-
cation.

There is, however, good ground for supposing
that the subject will be fully elucidated by che-
mical inquiry. Those plants which seem most
benefited by its application are plants which
always afford it on analysis. Clover, and most of
the artificial grasses, contain it, but it exists in very
minute quantity only in barley, wheat, and turnips.
Many peat ashes, which are sold at a considerable
price, consist in great part of gypsum, with a little
iron: and the first seems to be their most active
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ingredient. I have examined several of the soils
to which these ashes are successfully applied, and
I have found in them no sensible quantity of'
gypsum. In general, cultivated soils contain
sufficient of this substance for the use of the
grasses; in such cases, its application cannot be
advantageous. For plants require only a certain
quantity of manure; an excess may be detrimen-
tal, and cannot be useful.

The theory of the operation of alkaline sub-
stances is one of the parts of the chemistry of
agriculture most simple and distinct. They are
found in all plants, and therefore may be regarded
as amongst their essential ingredients. From their
powers of combination, likewise, they may be
useful in introducing various principles into the
sap of vegetables, which may be subservient to
their nourishment.

The fixed alkalies, which were formerly re:
garded as elementary bodies, it has been my good
fortune to decompose. They consist of pure air,
united to highly inflammable metallic substances ;
but there is no reason to suppose that they are
reduced into their elements in any of the processes
of vegetation.

In this part of the Course I shall dwell at consi-
derable length on the important subject of Lime,
and I shall be able to offer some novel views.

Slacked lime was used by the Romans for ma.
nuring the soil in which fruit trees grew. This
we are informed by Pliny. Marl had been em:
ployed by the Britons and the Gauls from the
earliest times, as a top-dressing for land. But the

c 2
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precise period in which burnt lime first came into
general use in the cultivation of land, is, I believe,
unknown. The origin of the application from the
early practices is sufficiently obvious; a substance,
which had been used with success in gardening,
must have been soon tried in farming; and in
countries where marl was not to be found cal-
cined limestone would be naturally employed as a
substitute.

The elder writers on agriculture had no correct
notions of the nature of lime, limestone, and marle,
or of their effects; and this was the necessary
consequence of the imperfection of the chemistry
of the age. Calcareous matter was considered by
the alchemists as a peculiar earth, which, in the
fire, became combined with inflammable acid ; and
Evelyn and Hartlib, and, still later, Lisle, in their
works on husbandry, have characterised it merely
as a hot manure of use in cold lands. It is to
Dr. Black, of Edinburgh, that our first distinct ru-
diments of knowledge on the subject are owing.
About the year 1755, this celebrated professor
proved, by the most decisive experiments, that
limestone and all its modifications, marbles, chalks,
and marls, consist principally of a peculiar earth
united to an aérial acid : that the acid is given out
in burning, occasioning a loss of more than 40 per
cent., and that the lime in consequence becomes
caustic.

These important facts immediately applied, with
equal certainty, to the explanation of the uses of
lime, both as a cement and as a manure. Asa
cement, lime, applied in its caustic state, acquires
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its hardness and durability, by absorbing the aérial
(or, as it has been since called, carbonic) acid,
which always exists in small quantities in the atmo-
sphere ; it becomes, as it were, again limestone.

Chalks, calcareous marls, or powdered lime-
stones, act merely by forming an useful ‘earthy
ingredient of the soil, and their eflicacy is propor-
tioned to the deficiency of calcareous matter,
which, in larger or smaller quantities, seems to be
an essential ingredient of all fertile soils; neces-
sary, perhaps, to their proper texture, and as an
ingredient in the organs of plants.

Burnt lime, in its first effect, acts asadecomposing
agent upon animal or vegetable matter, and seems
to bring it into a state in which it becomes more
rapidly a vegetable nourishment ; gradually, how-
ever, the lime is neutralised by carbonic acid, and
converted into a substance analogous to chalk
but in this case it more perfectly mixes with the
other ingredients of the soil, is more generally
diffused and finely divided; and it is probably
more useful to land than any calcareous substance
in its natural state. ‘

The most considerable fact made known, with re-
gard to limestone, within the last few years, is owing
to Mr. Tennant. Ithad been long known, that a par-
ticular species of limestone, found in different parts
of the north of England, when applied in its burnt
and slacked state to land in considerable quanti-
ties occasioned sterility, or considerably injured
the crops for many years. Mr. Tennant, in 1800,
by a chemical examination of this species of lime-
stone, ascertained, that it differed from common
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limestones by containing magnesian earth; and
by several experiments he proved, that this earth
was prejudicial to vegetation, when applied in
large quantities in its caustic state. Under com-
mon circumstances, the lime from the magnesian
limestone is, however, used in moderate quantities
upon fertile soils in Leicestershire, Derbyshire, and
Yorkshire, with good effect ; and it may be applied
in greater quantities to soils containing very large
proportions of vegetable matter. Magnesia, when
combined with carbonic acid gas, seems not to be
prejudicial to vegetation, and in soils rich in ma-
nure it is speedily supplied with this principle
from the decomposition of the manure.

After the nature and operation of manures have
been discussed, the next, and the last subject for
our consideration, will be some of the operations
of husbandry capable of elucidation by chemical
principles.

The chemical theory of fallowing is very simple.
Fallowing affords a source of riches to the soil,
in consequence of the absorption of oxygen and
the aqueous principles of the atmosphere, and so
tends to produce an accumulation of decomposing
. matter, which, in the common course of crops,
would be employed as it is formed, yet in highly
cultivated soils, under a regular succession of crops
properly manured, this practice can rarely be
advantageous : and the cases in which it is really
heneficial are for the destruction of weeds, and for
cleansing foul soils. -
" The chemical theory of paring and burning, I
shall discuss fully in this part of the Course.
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It is obvious, that in all cases it must destroy a
certain quantity of vegetable matter, and must be
principally useful in cases in which there is an
excess of this matter in soils. Burning, likewise,
renders clays less coherent, and in this way greatly
improves their texture, and causes them to be less
permeable to water.

The instances in which it must be obviously
prejudicial are those of sandy dry siliceous soils,
containing little animal or vegetable matter. Here
it can only be destructive, for it decomposes that
on which the soil depends for its productiveness.

The advantages of irrigation, though so lately a
subject of much attention, were well known to the
ancients; and more than two centuries ago the
practice was recommended to the farmers of our
country by Lord Bacon: ¢ meadow-watering,”
according to the statements of this illustrious per-
sonage, (given in his Natural History, in the arti-
cle Vegetation,) ¢ acts not only by supplying useful
moisture to the grass; but likewise the water car-
ries nourishment dissolved in it, and defends the
roots from the effects of ccld.”

No general principles can be laid down respect-
ing the compgrative merit of the different systems
of cultivation and the various systems of crops
adopted in different districts, unless the chemical
nature of the soil, and the physical circumstances
to which it is exposed, are fully known, Stiff co-
herent soils are those most benefited by minute
division and aération, and in the drill system of
husbandry these effects are produced to the great-
est extent; but still the labour and expense con-
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nected with its application in certain districts may
not be compensated for by the advantages pro-
duced, and there are some stiff soils which must be
left in clods when sown with wheat. Moist cli-
mates are best fitted for raising the artificial grasses,
oats, and broad-leaved crops; stiff aluminous soils,
in general, are most adapted for wheat crops, and
calcareous soils produce excellent sain-foin and
cloyer.

Nothing is more wanting in agriculture than
experiments in which all the circumstances are
miputely and scientifically detailed. This art will
advance with rapidity in proportion as it becomes
exact in its methods. As in physical researches,
all the causes should be considered; a difference
in the results may be produced, even by the fall of
a half an inch of rain more or less in the course
of a season, or a few degrees of temperature, or
even by a slight difference in the sub-soil, or in
the inclination of the land.

_ Information collected after views of distinct in-
quxry would necessarily be fitted for inductive rea-
soning, and capable of being connected with the
general principles of science; and a few histories
of the results of truly philosophical experiments in
agricultural chemistry would be of more value in
enlightening and benefiting the farmer, than the
greatest possible accumulation of imperfect trials,
conducted merely in the empirical spirit, It is no
unusual occurrence for persons who argue in favour
of practice and experience to condemn generally -
all attempts to-improve agriculture by philosophi-
cal inquiries and chemical methods. = That much
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vague speculation may be found in the works of
those who have lightly taken up agricultural che-
mistry, it is impossible to deny. It is not uncom-
mon to find a number of changes rung upon a
string of technical terms, such as oxygen, hydro-
gen, carbon, and azote, as if the science de-
pended upon words rather than upon things.
But this is, in fact, an argument for the necessity
of the establishment of just principles of chemistry
on the subject. Whoever reasons upon agricul-
ture is obliged to recur to this science. He feels
that it is scarcely possible to advance a step with-
out it ; and if he is satisfied with insufficient views,
it is not because he prefers them to accurate
knowledge, but generally because they are more
current. If a person journeying in the night
wishes to avoid being led astray by the ignis
fatuus, the most secure method is to carry a lamp
in his own hand.

It has been said, and undoubtedly with great
truth, that a philosophical chemist would most pro-
bably make a very unprofitable business of farming;
and this certainly would be the case, if he were a
mere philosophical chemist; and unless he had
served his apprenticeship to the practice of the
art as well as to the theory.* But there is reason

* Lavoisier is a remarkable example of the advantages which
may be derived from the application of science to agriculture,
even without a minute knowledge of the art of farming. By
following an enlightened system, he is said to have doubled in
nine years the produce in grain of his lands, whilst he quintupled
the number of his flocks. —Notice sur Lavoisier, in Bibliothéque
du Chimiste, tom. vii. p. 121. — J. D.
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to believe that he would be a more successful
agriculturist than a person equally uninitiated in
farming, but ignorant of chemistry altogether ;
his science, as far as it went, would be useful to
him. But chemistry is not the only kind of know-
ledge required, it forms a small part of the phi-
losophical basis of agriculture; but it is an im-
portant part, and whenever applied in a proper
manner must produce advantages.

In proportion as science advances, all the prin-

ciples become less complicated, and consequently
more useful. And it is then that their application
is most advantageously made to the arts. The
common labourer can never be enlightened by
the general doctrines of philosophy, but he will
not refuse to adopt any practice, of the utility of
-which he is fully convinced, because it has been
founded upon these principles. The mariner can
trust to the compass, though he may be wholly
unacquainted with the discoveries of Gilbert on
magnetism, or the refined principles of that science
developed by the genius of Apinus. The dyer
will use his bleaching liquor, even though he is
perhaps ignorant not only of the constitution, but.
even of the name of the substance on which its
powers depend. The great purpose of chemical
investigation in agriculture ought undoubtedly
to be, the discovery of improved methods of cul-
tivation. But to this end general scientific prin-
ciples and practical knowledge are alike necessary.
The germs of discovery are often found in rational
speculations ; and industry is never so efficacious
as when assisted by science.
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It is from the higher classes of the community,
from the proprietors of land ; those who are fitted,
by their education, to form enlightened plans, .and
by their fortunes, to carry such plans into execu-
tion: it is from these that the principles of im-
provement must flow to the labouring classes of
the community ; and in all cases the benefit is
mutual ; for the interest of the tenantry must be
always likewise the interest of the proprietors of
the soil. The.attention of the labourer will be
moré minute, and he will exert himself more for
improvement, when he is certain he cannot deceive
his employer, and has a conviction of the extent
of his knowledge. Ignorance in the possessor of
an estate of the manner in which it ought to be
treated generally leads either to inattention or
injudicious practlces in the tenant or the bailiff,
«“ Agrum pessimum mulctari cyjus Dominus non
docet sed audit villicum.”

There is no idea more unfounded thaa that a
great devotion of time, and a minute knowledge
of general chemistry, is necessary for pursuing ex-
periments on the nature of soils or the properties
of manures. Nothing can be more easy than to
discover whether a soil effervesces, or changes
colour by the action of an acid, or whether it
burns when heated, or what weight it loses by
heat ; and yet these simple indications may be of
great importance in a system of cultivation. The
expense connected with chemical inquiries is ex-
tremely trifling; a small closet is sufficient for
containing all the materials required. The most
important experiments may be made by means of
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a small portable apparatus; a few phials, contain-
ing acids, alkalies, and chemical re-agents; some
foil and wire of platinum ; a lamp, a crucible, some
filtrating paper, some funnels and glasses, for re-
ceiving products, are all that can be considered as
absolutely essential for pursuing useful researches.

It undoubtedly happens in agricultural chemical
experiments conducted after the most refined
theoretical views, that there are many instances of
failure for one of success; and this is inevitable
from the capricious and uncertain nature of the
causes that operate, and from the impossibility of
calculating on all the circumstances that may
interfere : but this is far from proving the inutility
of such trials; one happy result, which can gene-
rally improve the methods of cultivation, is worth
the labour of a whole life ; and an unsuccessful
experiment, well observed, must establish some
truth, or tend to remove some prejudice.

Even considered merely as aphilosophical science,
this department of knowledge is highly worthy of
cultivation. For what can be more delightful than
to trace the forms of living beings and their adapt-
ations and peculiar purposes ; to examine the
progress of inorganic matter in its different pro-
cesses of change, till it attain its ultimate and
highest destination, — its subserviency to the pur-
poses of man ?

Many of the sciences are ardently pursued, and
considered as proper objects of study for all refined
minds, merely on account of the intellectual plea
sure they afford ; merely because they enlarge our
views of nature, and enable us to-think more cor-
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rectly with respect to the beings and objects sur-
rounding us. How much more, then, is this
department of inquiry worthy of attention, in which
the pleasure resultmg from the love of truth and
of knowledge is as great as in any other,branch
of philosophy, and in which it is likewise connected
with much greater practical benefits and advan-
tages? < Nihil est melius, nihil uberius, nihil homine
libero dignius.”

Discoveries made in the cultivation of the earth
are not merely for the time and country in which
they are developed, but they may be considered as
extending to future ages, and as ultimately tending
to benefit the whole human race ; as affording sub-
sistence for generations yet to come ; as multiply-
ing life, and not only multiplying life, but likewise
providing for its enjoyment.



LECTURE II.

O!} THE GENERAL POWERS OF MATTER WHICH INFLUENCE
VEGETATION., OF GRAVITATION, OF <COHEBION, OF
CHEMICAL ATTRACTION, OF HEAT, OF LIGHT, OF ELEC-
TRICITY, PONDERABLE SUBSTANCES, ELEMENTS OF
MATTER, PARTICULARLY THOSE FOUND IN VEGETABLES,
LAWS OF THEIR COMBINATIONS AND ARRANGEMENTS.

THe great operations of the farmer are directed
towards the production or improvement of certain
classes of vegetables; they are either mechanical
or chemical, and are, consequently, dependent
upon the laws which govern common matter.
Plants themselves are, to a certain extent, sub-
mitted to these laws; and it is necessary to study
their effects, both in considering the phenomena
of vegetation, and the cultivation of the vegetable
kingdom.

One of the most important properties belonging
to matter is gravitation, or the power by which
masses of matter are attracted towards each other.
It is in consequence of gravitation that bodies
thrown into the atmosphere fall to the surface of
the Wmﬂ that the different parts of the globe
are pmserved in their proper posmow Gravity is
exerted in proportion to the quantity of matter.
Hence all bodies placed above the surface of the
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earth falf to' it in right lines, which, if produced,
would pass through its centre; and a body falling
near a high mountain is a little bent out ofthe
perpendicular direction by the attraction of ‘the
mountain, as has been shown by the experfments
of Dr. Maskelyne on Schehallien. '
Gravitation has a very important influence on
the growth of plants ; and it is rendered probable,
by the experiments of Mr. Knight, that they owe
the peculiar direction of their roots and branches
almost entirely to this force. '
That gentleman fixed some seeds of the garden
bean on the circumference of a wheel, which in
one instance was placed vertically, and in the other
horizontally, and made to revolve, by means of
another wheel worked by water, in such a manner,
that the number of the revolutions could be regu-
lated ; the beans were supplied with moisture, and
were placed under circumstances favourable to
germination. The beans all grew, notwithstanding
the violence of revolution, which was sometimes as
much as 250 revolutions in a minute on the ver-
tical wheel, which always revolved rapidly, and
with little variation of velocity; the radicles, or
roots, pointed precisely in the direction of radii in
whatever direction they were first placed. The
germs took precisely the opposite direction, and
pointed to the centre of the wheel, where they
soon met each other. Upon the horizontal wheel,
the conflicting operation of gravitation and cetilri-
fugal force, occasioned the germs to form acone,
more or less ghtuse, according to the velocity of
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the wheel, the radicles always taking a course
diametrically opposite to that taken by the germs,
and, consequently, pointing as much below as the
germs pointed above the plane of the wheel’s
motion. ‘

These facts afford a rational solution of this
curious problem, respecting which different phi-
losophers have given such different opinions; some
referring it to the nature of the sap, as De la
Hire ; others, as Darwin, to the living powers of
the plant, and the stimiilus of air upon the leaves,
and of moisture upon the roots. The effect is now
shown to be connected with mechanical causes;
and there seems no other power in nature to which
it can with propriety be referred, but gravity,
which acts universally, and which must tend to
dispose the parts to take a uniform direction.*

If plants in general owe their perpendicular di-
rection to gravity, it is evident that the number
of plants upon a given part of the earth’s circum-
ference cannot be increased by making the sur-
face irregular, as some persons have supposed.
Nor can more stalks rise on a hill than on a spot
equal to its base; for the slight effect of the at-
traction of the hill, would be only to make the
plants deviate a very little from the perpendicular.
Where horizontal layers are pushed forth, as in
certain grasses, particularly such as the fiorin,

* Fig. 1. represents the case in which the horizontal wheel
performed 250 revolutions. '
“Fig. 2. represents the form of the experiment when the ver-
tical wheel was made to perform 150 revolutions in a minute.
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lately brought into notice by Dr. Richardson, more
food may, however, be produced upon an irregu-
lar surface; but the . principle seems to apply
strictly to corn crops.

The direction of the radicles and germens is
such, that both are supplied with food, and acted
upon by those external agents which are necessary
for their developement and growth. The roots
come in contact with the fluids in the ground ;
the leaves are exposed to light and air; and the
same grand law which preserves the planets in-
their orbits is thus essential to the functions of
vegetable life.

When two pieces of polished glass are pressed
together they adhere to each other, and it requires
some forcé to separate them. This is said to
depend upon the attraction of cohesion. 'The same
attraction gives the globular form to drops of
water, and enables fluids to rise in capillary tubes ;
and hence it is sometimes called capillary attraction.
This attraction, like gravitation, seems common to
all matter, and may be a modification of the same
general force ; like gravitation, it is of great im-
portance in vegetation. It preserves the forms of
aggregation of the parts of plants, and it seems to
be a principal cause of the absorptlon of fluids by
their roots.

If some pure magnesia, the calcined magnesia
of druggists, be thrown into distilled vinegar, it
gradually dissolves. This is said to be owing to
chemical attraction, the power by which different
species of matter tend to unite into one com-
pound. Various kinds of matter unite with dif-
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ferent degrees of force : thus sulphuric acid and
magnesia unite with more readiness than distilled
vinegar and magnesia; and if sulphuric acid be
poured into a mixture of vinegar and magnesia,
in which the acid properties of the vinegar have
been destroyed by the magnesia, the vinegar will
be set free, and the sulphuric acid will take its
place. This chemical attraction is likewise called
chemical qffinity. It is active in most of the
phenomena of vegetation. The sap consists of a
number of ingredients, dissolved in water by che-
mical attraction; and it appears to be in conse-
quence of the operation of this power, that cer-
tain principles derived from the sap are united to
the vegetable organs. By the laws of chemical
attraction, different products of vegetation are
changed, and assume new forms: the food of
plants is prepared in the soil ; vegetable and ani-
mal remains are changed by the action of air and
water, and made fluid or aériform; rocks are
broken down and converted into soils; and soils
are more finely divided and fitted as receptacles
for the roots of plants.

The different powers of attraction tend to pre-
serve the arrangements of matter, or to unite them
in new forms. If there were no opposing powers
there would soon be a'state of perfect quiescence
in nature, a kind of eternal sleep in the physical
world. Gravitation is continually counteracted by
mechanical powers, by projectile motion, or the
centrifugal force; and their joint agencies occa-
sion the motion of the heavenly bodies. Cohesion
and chemical attraction are opposed by the repulsive
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_Kergy of heat, and the harmonious cycle of terres-
trial changesis produced by their mutual operations.

Heat is capable of being comtnunicated from
one body to other bodies; and its common effect
is to expand them, to enlarge them in all their di-
mensions. This is easily exemplified. A solid
cylinder of metal after being heated will not pass
through a ring barely sufficient to receive it when
cold. When water is heated in a globe of glass
having a long slender neck, it rises in the neck;
and if heat be applied to air confined in such a
vessel inverted above water, it makes its escape
from the vessel and passes through the water.
Thermometers are instruments for measuring de-
grees of heat by the expansion of fluids in nar-
row tubes. Mercury is generally used, of which
100,000 parts at the freezing point of water become
101,835 parts at the boiling point, and on Fahren-
heit’s scale these parts are divided into 180 de-
grees. Solids, by a certain increase of heat, be-
come fluids, and fluids gases, or elastic fluids.
Thus ice is converted by heat into water, and by
still more heat it becomes steam ; and heat disap-
pears, or, as it is called, is rendered latent, during
the conversion of solids into fluids, or fluids into
gases, and reappears, or becomes sensible, when
gases become fluids, or fluids solids; hence cold
is produced during evaporation, and heat during
the condensation of steam.

There are a few exceptions to the law of ex-
pansion. of bodies by heat, which. seem to depend
either upon some change in their chemical con-
stitution, or on their becoming crystallised. Clay
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contracts by heat, which seems to be owing to i
giving off water. Cast iron and antimony, when
melted, crystallise in cooling, and expand. Ice is
much lighter than water. Water expands a little
even before it freezes, and it is of the greatest
density at about 41° or 42°, the freezing point
being 32°; and this circumstance is of consider-
able importance in the general economy of nature.
The influence of the changes of seasons and of
the position of the sun on the phenomena of ve-
getation demonstrates.the effects of heat on the
functions of plants. The matter absorbed from
the soil must be in a fluid state to pass into their
roots, and when the surface is frozen they can de-
rive no nourishment from it. The activity of che-
mical changes likewise is increased by a certain
increase of temperature, and even the rapidity of
the ascent of fluids by capillary attraction.

This last fact is easily shown by placing in each
of two wine glasses a similar hollow stalk of grass,
so ‘bent as to discharge any fluid in the glasses
slowly by capillary attraction: if hot water be in
one glass, and cold water in the other, the hot
water will be discharged much more rapidly than
the cold water. The fermentation and decompo-
sition of animal and vegetable substances require a
certain degree of heat, which is consequently ne-
cessary for the preparation of the food of plants ;
and, as evaporation is more rapid im proportion as
the temperature is higher, the superfluous parts of
the sap are most readily carried off at the time its
ascent is quickest. '

Two opinions are current respecting the nature
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of heat. By one School it is conceived to be
a peculiar subtile fluid, of which the particles
repel each other, but have a strong attraction for
the particles of other matter. By another it is con-
sidered as a motion or vibration of the particles of
matter, which is suppo#d to differ in velocity in
different cases, and thus to produce the different
degrees of temperature. Whatever decision be
ultimately made respecting these opinions, it is
certain that there is matter moving in the space
between us and the heavenly bodies capable of
communicating heat; the motions of which are
rectilinear : thus the solar rays produce heat in
acting on the surface of the earth. The experi-
ments of Sir W. Herschel have shown that the
calorific effects of the solar rays bear no relation
to their illuminating powers, the réed rays pro-
ducing a much greater effect of heat than any of
the other coloured rays; and it appears that there
are tnvisible rays distinguished by very different
degrees of refrangibility, some of which produce
heat, and others of which are distinguished by their
chemical effects.

The different influence of the different solar rays
on vegetation have not yet been studied ; but it is
certain that the rays exercise an influence indepen-
dent of the heat they produce. Thus plants kept
in the dark in a hot-house grow luxuriantly, but
they never gain their natural colours; their leaves
are white or pale, and their juices watery and
peculiarly saccharine.

The earth, when not exposed to the solar rays,
is constantly losing heat by radiation, and .dif-
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ferent soils have their temperature different]y di-
minished by this cause.

When a piece of sealing-wax .is rubbed by a
woollen cloth, it gains the power of attracting light
bodies, such as feathers or ashes. In this state it
is said to be electrical ; wnd if a metallic cylin-
der, placed upon a rod of glass, is brought in con-
tact with the sealing-wax, it likewise gains the mo-
mentary power of attracting light bodies, so that
electricity, like heat, is communicable. When two
light bodies receive the same electrical influence,
or are electrified by the same body, they repel
each other. When one of them is acted on by
sealing-wax, and the other by glass that has been
rubbed by woollen, they attract each other; hence
it is said that bodies similarly electrified repel
each other: *and bodies dissimilarly electrified at-
tract each other: and the electricity of glass is
called vitreous or positive electricity, and that of
sealing-wax, resinous or negative electricity.

‘When, of two bodies made to rub each other,
one is found positively electrified, the other is always
found negatively electrified, and, as in the com-
mron electrical machine, these states are capable of
being communicated to metals placed upon rods or
pillars of glass. Electricity is produced likewise
by the contact of bodies ; thus a piece of zinc and
of silver give a slight electrical shock when they
are made to touch each other, and to touch the
tongue ; and when a number of plates of copper
and zinc, 100 for instance, are arranged in a pile
with cloths moistened in salt and water, in the
erder of zinc, copper, moistened cloth, zinc, cop-
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pex, moistened cloth, and so on, they form an elec..
trical battery which will give strong shocks and
sparks, and which is possessed of remarkable che-
mical powers. The luminous phenomena produced
by common electricity are well known. It would
be improper to dwell upon .them in this place.
They are the most impressive effects occasioned by
this agent ; and they offer illustrations of lightning
and thunder.

Electrical changes are constantly taking place in
nature, on the surface of the earth, and in the at-
mosphere ; but as yet the effects of this power in
vegetation have not been correctly estimated. It
has been shown by experiments made by means of
the Voltaic battery (the instrument composed of
zine, copper, and water), that compound bodies
in general are capable of being decomposed by
electrical powers; and it is probable that the
various electrical phenomena occurring in our
system must influence both the germination of
seeds and the growth of plants. I found that corn
sprouted much more rapidly in water positively
electrified by the Voltaic instrument than in water
negatively electrified ;-and experiments made upon
the atmosphere show that clouds are usually ne-
gative; and as, when a cloud is in one state of
electricity, the surface of the earth beneath is
brought into the opposite state, it is probable that
in common cases the surface of the earth is positive.

Different opinions are entertained amongst scien-
tific men respecting the nature of electricity. By
some the phenomena are conceived to depend
upon a single subtile fluid in excess in the bodies

D 4



410

said to be positively elgctrified, in deficiency in the
bodies said to be negatively electrified. A second
class suppoge the effects to be produced by two
different fluids, called by them the vitreous fluid
and the resinous fluid; and an hypothesis has
been advanced in which they are considered as
affections or motions of matter, or an exhibition
of attractive powers, similar to those which pro-
duce chemical combination and decomposition ;
but usually exerting their action on masses.*

The power which gives to a bar or needle of
steel the property of directing itself to two points
of the globe, called north and south poles, depends
upon what is called magnetism. It agrees with
electricity in many of its laws; but, as far as our
researches have hitherto gone, it is most active in
its operation on metals and certain of their com-
binations. Iron, nickel, and cobalt, are most sus-
ceptible of magnetic impressions, ahd in the harder
compounds of iron these impressions produce per-
manent effects; but the recent experiments of M.
Arago show, that copper, metals in general, and,
probably, all other substances, receive very weak
and evanescent magnetism, which seems to differ
in intensity for every body. Magnetism is capable

* In a series of experiments on the electricity of the atmo-
sphere, made in Malta during the course of several months, I had
ample proof of the truth of the above opinion. Chemical effects
were almost constantly taking place, even in sestse weather, in
a very slight degree. The subject of the experiment was com-
monly the gelatinous compound of the iodide of potassium and:
starch ; and almost invariably, excepting occasionally in thunder-
storms, the iodine was precipitated round the platina wire con-
nected with the earth. — J. D.
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of being communicated from bodies endowed with
it to others that do not possess it, and is produced
whenever concentrated electricity passes through
space, its sphere of action or communication being
at right angles to the course of the electricity.
Thus a bar of steel, placed transversely over a wire
conveying an electrical shock, becomes a magnet.
The connection of magnetism and electricity is of
recent discovery, and the fact which served to esta-
blish it was made known by M. (Ersted, a Danish
philosopher. It will ultimately probably tend to a
more intimate acquaintance with tie nature of
these two extraordinary agents. The attractive
powers of the magnet may be made use of to show
the existence of iron in soils, as will be mentioned
more particalarly hereafter. o

The different powers that have been thus gene-
rally described continually act upon common matter
so as to change its form, and produce arrange-
ments fitted for the purposes of life. Bodies are
either simple or compound. A body is said to be
simple, when it is incapable of being resolved into
any other forms of matter. Thus, gold or silver,
though they may be melted by heat, or dissolved in
corrosive menstrua, yet are recovered unchanged
in their properties, and they are said to be simple
bodies. A body is considered as compound, when
two or more distinct substances are capable of
being produced from it : thus marbleis a compound
body, for by a strong heat it is converted into lime,
and an elastic fluid is disengaged in the process;
and the proof of our knowledge.of the true com-
position of a body is, that it is capable of being re-



42

produced by the same substances as those into which
it had been decomposed ; thus, by exposing lime for
a long while to the elastic fluid disengaged during
its calcination, it becomes converted into a sub-
stance similar to powdered marble. The term
element has the same meamng as simple or unde-
compounded body; but it is applied merely with
reference to the present state of chemical know-
ledge. It is probable that, as yet, we are not ac-
quainted with any of the true elements of matter :
many substances, formerly supposed to be simple,
have been lately decompounded, and the chemical
arrangement of bodies must be considered as a
mere expression of facts, the results of accurate
statical experiments.

Vegetable substanees in general are of a very
compound nature, and consist of a great number of’
elements, most of which belong likewise to the
other kingdoms of nature, and are found in various
forms. Their more complicated arrangements are
best understood after their simpler forms of com-
bination have been examined.

The number of bodies which I shall consider as
at present undecomposed, are, as was stated in the
the introductory lecture, five acidifying or solvent
substances, cight inflammable bodies, and forty
metals.*

In most of the inorganic compounds, the nature
of which is well known, into which these elements
enter, they are combined in definite proportions ;
so that, if the elements be represented by numbers,
the proportions in which they combine are ex-

* Now forty-two metals. = Vide note, ps8.
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pressed either by those numbers, or by some simple
multiples of them.

I shall mention, in a few words, the character-
istic properties of the most important simple sub-
stances, and the numbers representing the propor-
tions in which they combine in those cases where
they have been accurately ascertained.

1. Ozygen forms about one fifth of the air of our
atmosphere. It is an elastic fluid, at all known
temperatures. Its specific gravity is.to that of air
as 10,967 to 10,000. It supports combustion with
much more vividness than common air; so that if a
small steel wire or a watch-spring, having a bit of
inflamed wood attached to it, be introduced into a
bottle filled with the gas, it burns with great splen-
dour. It isrespirable. Itis very slightly soluble in
water. The number representing the proportion in
which it combines is 15. It may be made by heating
a mixture of the mineral called manganese and
sulphuric acid together in a proper vessel, or by
heating strongly red lead, or red precipitate of
mercury.

2. Chlorine is, like oxygen, a permanent elastic
fluid. Its colour is yellowish green; its smell
is very disagreeable; it is not respirable; it
supports the combustion of all the common in-
flammable bodies except charcoal; its specific
gravity is to that of air as 24,677 to 10,000; it
is soluble in about half its volume of watey, and
its solution in water destroys vegetable colours.
Many of the metals (such as arsenic or copper)
take fire spontaneously when introduced into a jar
or bottle filled with the gas, Chlorine may be
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procured by heating together a mixture of spirits
of salt, or muriatic acid, and manganese. The
number representing the proportion in which this
gas enters into combination is 67.

8. Fluorine, or the fluoric principle. This sub-
stance has such strong tendencies to combination,
that as yet no vessels have been found capable of
containing it in its pure form. It may be obtained,
combined with hydrogen, by applying heat to a
mixture of fluor, or Derbyshire spar, and sulphuric
acid ; and in this state it is an intensely acid com-
pound, a little heavier than water, and which be-
comes still denser by combining with water. The
existence of fluorine as an element is proved by its
expulsion from certain compounds by chlorine, and
by its transference from place to place. Inattempts
made to confine it, so as to examine its properties,
it always combines with, or decomposes the vessels
employed ; so that, as yet, its physical qualities are
unknown: 16 is an approximation to the number
representing it.

4. Iodine. This substance is procured from the
ashes of marine plants, after the extraction of the
carbonate of soda, by acting upon them by sul-
phuric acid. It appears as a dark-coloured solid,
having the colour and lustre of plumbago: its spe-
cific gravity is about 4; that of water being 1. It
fuses at a low temperature, and at a heat above that
of boiling water becomes a violet-coloured gas.
It forms an active acid by uniting to hydrogen.
The alkaline metals burn, when heated in it. It
unites to all the metals upon which its action has

heen examined.
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5. Brome. This body has been very recently
discovered in sea-water. It is in its nature analo-
gous to iodine, and resembles a compound of these
two bodies. It is a dense liquid, and forms an
orange-coloured gas by a gentle heat.

6. Hydrogen, or inflammable air, is the lightest
known substance ; its specific gravity is to that of
air as 732 to 10,000. It burns by the action of an
inflamed taper, when in contact with the atmo-
sphere. . The proportion in which it combines is
represented by unity, or 1. It is procured by the
action of diluted oil of vitriol, or hydro-sulphuric
acid on filings of zinc or iron. It is the substance
employed for filling air-balloons.

7. Azote is a gaseous substante, not capable of
being condensed by any known degree of cold : its
specific gravity is to that of common air as 9516 to
10,000. It does not enter into combustion under
common circumstances, but may be made to unite
with oxygen by the agency of electrical fire. It
forms nearly four fifths of the air of the atmosphere ;
and may be procured by burning phosphorus in a
confined portion of air. 'The number representing
the proportion in which it combines is 26.

8. Carbon is considered as the pure matter of
charcoal, and it may be procured by passing spirits
of wine through a tube heated red. It has not yet
been fused ; but rises in vapour at an intense heat.
Its specific gravity cannot be easily ascertained;
but that of the diamond, which cannot chemically
be distinguished from pure carbon, is to that of
water as 3500 to 1000. Charcoal has the remark-
able property of absorbing several times its volume
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of different elastic fluids, which are capable of
being expelled from it by heat. The number re-
presenting it is 11+4.

9. Sulphur is the pure substance so well known
by that name: its specific gravity is to that of water
as 1990 to 1000. It fuses at about 220° Fahren-
heit ; and at between 500° and 600° takes fire, if in
contact with the air, and burns with a pale blue
flame. In this process it dissolves in the oxygen
of the air, and produces a peculiar acid elastic fluid.
The number representing it is 30.

10. Phosphorus is a solid of a pale red colour, of
specific gravity 1770. It fuses at 90°, and boils at
550°. It is luminous in the air at common tem-
peratures, and burns with great violence at 150°,
so that it must be handled with great caution. The
number representing it is 222. It is procured by
digesting together bone-ashes and oil of vitriol, and
strongly heating the fluid substance so produced
with powdered charcoal.

11. Boron is a solid of a dark olive colour, in-
fusible at any known temperature. It isa sub-
stance very lately discovered, and procured from
boracic acid. It burns with brilliant sparks, when
heated in oxygen, but not in chlorine. Its specific
gravity, and the number representing it, are not
yet accurately known.

12. Silicon * is procured from silica, or the earth

# According to the more recent experiments of Berzelius,
pure silicon is of a dark nut-brown colour; a nonconductor of
electricity ; incombustible even in oxygen gas, and infusible
before the blow-pipe. It deflagrates, and even explodes, when
thrown into fused hydrate of potash or soda.— J. D.
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ot flints, by the action of potassium : it appears as
a dark fawn-coloured powder, which is inflammable,
and which produces silica by combustion. It de-
composes water and acids; and detonates when
heated with alkaline carbonates. It is more analo-
gous to boron in its properties and chemical ha-
bitudes than to any other substance. 82 is an
approximation to the number representing silicon.

18. Selenion, or, as M. Berzelius, the discoverer,
names it, selenium, is a substance which forms a
sort of intermediate link between the inflammable
solids and the metals. It is semitransparent, of a
red colour, a nonconductor of electricity, of spe-
cific gravity about 4300.

14. Platinum is one of the noble metals, of rather
a duller white than silver, and the heaviest body in
nature ; its specific gravity being 21,500. It is not
acted upon by any acid menstrua except sueh as
contain chlorine; it requires an intense degree of
heat for its fusion.

15. The properties of gold are well known. Its
specific gravity is 19,277. It bears the same re-
lation to acid menstrua as platinum: it is one of
the characteristics of both these bodies, that they
are very difficultly acted upon by sulphur.

16. Silver is of specific gravity 10,400 ; it burns
more readily than platinum or gold, which re-
quire the intense heat of electricity. It readily
unites to sulphur. The number representing it is
205.

17. Mercury is the only known metal fluid at
the common temperature of the atmosphere; it
boils at 660°, and freezes at 39° below 0. Its spe-
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cific gravity is 13,560. * The number representing
it is 380.

18. Copper is of specific gravity 8890. It burns,
when strongly heated, with red flame, tinged with
green. The number representing it is 120.

19. Cobalt is of specific gravity 7700. Its point
of fusion is very high, nearly equal to that of iron.
In its calcined, or oxidated state, it is employed for
giving a blue colour to glass.

20. Nickel is of a white colour: its specific gra-
vity is 8820. This metal and cobalt agree with
iron, in being attractible by the magnet. The
number representing nickel is 111.

21. Iron is of specific gravity 7700. Its other
properties are well known. The number repre-
senting it is 103. )

22. Tin is of specific gravity 7291; it is a very
fusibde metal, and burns when ignited in the air:
the number representing the proportion in which
it combines is 110.

23. Cadmium is a newly-discovered metal, very
similar to tin in its sensible properties, of specific
gravity about 9000, and is very fusible and vola-
tile.

24.. Zinc is one of the most combustible of the
common metg)s. Its specific gravity is about 7210.
It is a brittle metal under common circumstances ;
but when heated may be hammered or rolled into
thin leaves, and after this operation is malleable.
The number representing it is 66.

25. Lead is of specific gravity 11,852 it fuses *
at a temperature rather higher than tin. The
number representing it is 398.
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26. Bismuth is a brittle metal of specific gravity
9822. It is nearly as fusible as tin; when cooled
slowly it crystallises in cubes. The number repre-
senting it is 135. '

27. Antimony is a metal capable of being vola-
tilised by a strong red heat. Its specific gravity is
6800. It burns, when ignited, with a faint white
light. The number representing it is 170.

28. Arsenic is of a blueish white colour, of spe-
cific gravity 8310. It may be procured by heating
the powder of common white arsenic of the shops
strongly in a Florence flask with oil. The metal
rises in vapour, and condenses in the neck of the
flask. The number representing it is 90.

20. Manganesum may be procured from the
mineral called manganese, by intensely igniting it
in a forge mixed with charcoal powder. It is a
metal very difficult of fusion, and very combustible :
its specific gravity is 6850. The number repre-
senting it is 177.

80. Potasstum is the lightest known metal, being
only of' specific gravity 850. It fuses at about 150,
and rises in vapour at a heat a little below redness.
It is a highly combustible substance, takes fire
when thrown upon water, burns with great bril-
liancy, and the product of its combustion dissolves
in the water. The number representing it is 75.
It may be made by passing fused caustic vegetable
alkali, the pure kali of druggists, through iron
turnings strongly ignited in a gun barrel, or by the
electrization of potash by a strong Voltaic battery.

81. Sodium may be made in a similar manner to
potassium ; soda, or the mineral atkali, being sub-

: E
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stituted for the vegetable alkali, It is of spec1ﬁc
gravity 940. It is very combustible. When thrown
upon water, it swims on its surface, hisses violently,
and dissolves, but does not inflame. The number
representing it is 88.

82. Lithium is a metal procured from a newly-
discovered mineral alkali, very similar to sodium in
its properties.

88. Barium has, as yet, been procured only by
electrical powers, and in very minute quantities, so
that its properties have not been accurately exa-
mined. The number representing it appears to be
130.

Strontium the 34th, Calcium the 85th, Magnesium
the 36th, Aluminum the 387th, Zirconum the 38th,
Glucinum the 39th, and Zitrium the 40th of the
undecompounded bodies, like barium, have either
not been procured absolutely pure, or only in such
minute quantities that their properties are little
known; they are formed either by electrical
powers, or by the agency of potassium, from the
different earths whose names they bear, with the
change of the termination in wm ; and the numbers
representing them are believed to be 90 strontium,
40 calcium, 29 magnesium, 38 aluminum, 70 zirco-
num, 89 glucinum, 111 ittrium.

. The remaining simple bodies are metals, most
of which, like those just mentioned, can only be
procured with very great difficulty; and the sub-
stances in general from which they are procured
are very rare in nature. They are Palladium,
Rhadium, Osmium, Iridium, Columbium, Chromium,
Moblybdenum, Cerium, Tellurium, Tungstenum, Ti-
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tanium, Uranium. ‘The numbers representing: these
last bodies have not yet been determined with suf-
ficient accuracy to render a reference to them of
any utility.

The undecompounded substances unite with
each other, and the most remarkable compounds
are formed by the combinations of oxygen and
chlorine with inflammable bodies and metals; and
these combinations usually take place with much
energy, and are associated with fire.

Combustion in fact, in common cases, is the
process of the solution of a body in oxygen, as
happens when sulphur or charcoal is burnt ; or the
fixation of oxygen by the combustible body in a
solid form, which takes place when most metals
are burnt, or when phosphorus inflames; or the
production of a fluid from both bodies, as when
hydrogen and oxygen unite to form water.

When considerable quantities of oxygen or of
chlorine unite to metals or inflammable bodies,
they often produce acids; thus sulphureous, phos-
phoric, and boracic acids are formed by a union
of considerable quantities of oxygen with sulphur,
phosphorus, and boron: and muriatic acid gas is
formed by the union of chlorine and hydrogen.

When smaller quantities of oxygen or chlorine
unite with inflammable bodies or metals, they form
substances not acid, and more or less seluble in
water ; and the metallic oxides, the fixed alkalies,
and the earths, all bodies connected by analogies,
are produced by the union of metals with oxygen.

The composition of any compounds, the nature
of which is well known, may be easily learnt from

E 2
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the numbers representing their elements; all that
i8 necessary is to know how many "proportions
enter into union. Thus potassa, or the pure caus-
tic vegetable alkali, consists of one proportion of
potassium and one of oxygen, and its constitution
is consequently 75 potassium, 15 oxygen.

Carbonic acid is composed of two proportions of
oxygen 80, and one of carbon 11+4.

Again, /ime consists of one proportion of cal-
cium and one of oxygen, and it is composed of 40
of calcium and 15 of oxygen. And carbonate of
lime, or pure chalk, consists of' one proportion of
carbonic acid 414, and one of lime 55.

Water consists of two proportions of hydrogen
2, and one of oxygene 15; and when water unites
to other bodies in definite proportions, the quantity
is 17, or some multiple of 17, 7. e. 34 or 51, or
68, &c.

Soda, or the mineral alkali, contains two propor-
tions of oxygen to one of sodium.

Ammonia, or the volatile alkali, is composed of
six proportions of hydrogen and one of azote.

Amongst the earths, Silica, or the earth of
flints, probably consists of two proportions of
oxygen to one of silicon; and Magnesia, Stron-
tia, Baryta or Barytes, Alumina, Zircona, Glu-
cina, and Ittria, of one proportion of metal and
one of oxygen.

The metallic oxides in general consist of the
metals united to from one to four proportions of
oxygen; and there are, in some. cases, many
different oxides of the same metal; thus there are
three oxides of lead; the yellow oxide, or mas-
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sicot, contains two proportions of oxygen; the red
oxide, or minium, three; and the puce-coloured
oxide four proportions. Again, there are two
oxides of copper, the black and the orange; the
black contains two proportions of oxygen, the
orange one.

For pursuing such experiments on the compo-
sition of bodies as are connected with agricultural
chemistry, a few only of the undecompounded
substances are necessary; and amongst the com.-
pounded bodies, the common acids, the alkalies,
and the earths, are the most essential substances.
The elements found in vegetables, as has been
stated in the introductory lecture, are very few.
Oxygen, hydrogen, and carbon constitute the
greatest part of their organised matter. Azote,
phosphorus, sulphur, manganesum, iron, silicum,
calcium, aluminum, and magnesium, likewise, in
different arrangements, enter into their compo-
sition, or are found in the agents to which they are
exposed ; and these twelve undecompounded sub-
stances are the elements, the study of which is of
the most importance to the agricultural chemist.

The doctrine of definite combinations, as will
be shown in the following lectures, will assist us
in gaining just views respecting the composition
of plants, and the economy of the vegetable king-
dom; but the same accuracy of weight and mea-
sure, the same statical results which depend upon
the uniformity of the laws that govern dead matter,
cannot be expected in operations where the powers
of life are concerned, and where a’diversity of
organs and of functions exists. The classes of
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definite inorganic bodies, even if we include all the \
crystalline arrangements of the mineral kingdom, .
are few, compared with the forms and substances
belonging to animated nature. Life gives a pecu-
liar character to all its productions; the power of
attraction and repulsion, combination and decom-
position, are subservient to it; a few elements, by
the diversity of their arrangement, are made to
form the most different substances; and similar
substances are produced from compounds which,
when superficially examined, appear entirely dif.
ferent,
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LECTURE I11.

ON THE ORGANIZATION OF PLANTS. OF THE ROOTS, TRUNK,
AND BRANCHES. OF THEIR STRUCTURE. OF THE EPI-
DERMIS. OF THE CORTICAL AND ALBURNOUS PARTS, OF
LEAVES, FLOWERS, AND SEEDS. OF THE CHEMICAL CON=-
STITUTION OF THE ORGANS OF PLANTS, AND THE SUB-
STANCES FOUND IN THEM. OF MUCILAGINOUS, SACCHA-
RINE, EXTRACTIVE, RESINOUS, AND OILY SUBSTANCES,
AND OTHER VEGETABLE COMPOUNDS; THEIR ARRANGE-
MENTS IN THE ORGANS OF PLANTS, THEIR COMPOSITION,
CHANGES, AND USES.

'V arieTy characterises the vegetable kingdom; yet
there is an analogy between the forms and the
functions of all the different classes of plants, and
on this analogy the scientific principles relating to
their organization depend.

Vegetables are living structures distinguished
from animals by exhibiting no signs of perception,
or of voluntary motion ; and their organs are either
organs of nourishment or of reproduction ; organs
for the preservation and increase of the individual,
or for the multiplication of the species.

In the living vegetable system there are to be
considered the exterior form, and the interior
constitution.

Every plant exammed as to external structure,
displays at least four systems of organs— or some:
analogous parts. First, the Root. Secondly, the

E 4
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Trunk and Brancheg, or Stem. Thirdly, the Leaver's 3
and, f'ourthly, the Flowers or Seeds.

« The root is that part of the vegetable which least
impresses the eye; but it is absolutely necessary.
It attaches the plant to the surface, is its organ of
nourishment, and the apparatus by which it imbibes
food from the soil. — The roots of plants, in their
anatomical division, are very similar to the trunk
and branches. The root may indeed be said to be
a continuation of the trunk terminating in minute
ramifications and filaments, and not in leaves.

When the branch or the root of a tree is cut
transversely, it usually exhibits three distinct bo-
dies: the bark, the wood, and the pith: and
these again are individually susceptible of a new
division.

The bark, when perfectly formed, is covered by

a thin cuticle or epidermis, which may be easily
separated. = It is generally composed of a number
of laminee or scales, which in old trees are usually
in a loose and decaying state. The epidermis is
not vascular, and it merely defends the interior
parts from injury. In forest trees, and in the
larger shrubs, the bodies of which are firm, and of
strong texture, it is a part of little importance ; but
in the reeds, the grasses, canes, and the plants
having hollow stalks, it is of great use, and is ex-
osedingly strong, and in the microscope seems
composed of a kind of glassy net-work, which is
_principally siliceous earth, .

.. This is the case in wheat, in the oat, in dlﬁ'erent
qunes of equisetum, and, above all, in the rattan,
the epidermis of which contains a sufficient quantity









57

of flint to give light when struck by steel ; ‘or two
pieces rubbed together produce sparks, . This fact
first occurred to me in 1798, and it led to experi-
ments, by which I ascertained that siliceous earth
existed generally in the epidermis of the hollow
plants.

The siliceous epidermis serves as a support, pro-
tects the bark from the action of insects, and seems
to perform a part in the economy of these feeble
vegetable tribes, similar to that performed in the
animal kingdom by the shell of the crustaceous
insects.

Immediately beneath the epidermis is the paren-
chyma. It is a soft substance, consisting of cells
filled with fluid, having almost always a greenish
tint. The cells in the parenchymatous part, when
examined by the mlcroscope, appear hexagonal.
This form, indeed, is that usually affected by the
cellular membranes in vegetables, and it seems to
be the result of the general re-action of the solid
parts, similar to that which takes place .in the
honeycomb. This arrangement, which has usually
been ascribed to the skill and artifice of the bee,
seems, as Dr. Wollaston has observed, to be merely
the result of the mechanical laws which influence
the pressure of cylinders composed of soft mate-
rials, the nests of solitary bees being unifomﬂy
circular.*

-The innermost part of the bark is constituted by

* My brother told me, that Dr. Wollaston, on further inquiry,
relinquished the idea expressed above, and adepted tlie common

opinion regarding the manuer in which the hexagﬁml cells are
formed, —J. D.
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the cortical layers, and their numbers vary with the
age of the tree. On cutting the bark of a tree of
“several years’ standing, the productions of different
periods may be distinctly seen, though the layer
of every particular year can seldom be accurately
defined.

The cortical layers are composed of fibrous parts
which appear interwoven, and which are transverse
and longitudinal. The transverse are membranous
and porous, and the longitudinal are generally
composed of tubes.

The functions of the parenchymatous and cor-
tical parts of the bark are of great importance.
The tubes of the fibrous parts appear to be the
organs that receive the sap; the cells 'seem des-
tined for the elaboration of its parts, and for the
exposure of them to the action of the atmosphere,
and the new matter is annually produced in the
spring, immediately on the inner surface of the
cortical layer of the last year.

It has been shown by the experiments of Mr.
Knight, and those made by other physiologists,
that the sap descending through the bark after
being modified in the leaves, is the principal cause
of the growth of the tree; thus, if the bark is
wounded, the principal formation of new bark is
on the upper edge of the wound ; and when the
wood has been removed, the formation of new
wood takes place immediately beneath the bark :
and every vessel and passage in the bark and wood
of trees seems capable of carrying fluids in different
and opposite directions, though more readily and
copiously in one direction than in others, which
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offers something analogous to the anastomosis of
vessels in animal bodies. A fact noticed by M.
Palisot de Beauvois, is explained on this principle.
That gentleman separated different portions of cor-
tical layers from the rest of the bark in several trees,
and found that in most instances the separated bark
grew in the same manner as the bark in its natural
state. The experiment was tried with most suc-
cess on the lime-tree, the maple, and the lilac ; the
layers of bark were removed in August 1810, and
in the spring of the next year, in the case of the
maple and the lilac, small annual shoots were pro-
duced in the parts where the bark was insulated.*

The wood of trees is composed of an external
part, called alburnum or sap-wood, and of an inter-
nal part, the keart-wood. The alburnum is white,
and full of moisture, and in young trees and annual
shoots it reaches even to the pith. The alburnum
is the great vascular system of the vegetable through
which the sap rises, and the vessels in it extend
from the leaves to the minutest filaments in the
roots.

There is in the alburnum a membranous sub-
stance, composed of cells, which are constantly
filled with the sap of the plant; and there are in
the vascular system several different kinds of tubes ;
Mirbel has distinguished four species — the simple
tubes, the porous tubes, the trachee, and the false
trachea.}

* Fig. 8. represents the result of the experiment on the
maple. Journal de Phisique, September 1811, p. 210.

1 Fig. 4, 5, 6, and 7. represent Mirbel's idea of the simple
tubes, the porous tubes, the trachee, and the false trachee:.
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The tubes, which he has called simple tubes,
seem to contain the resinous or oily fluids peculiar
to different plants.

The porous tubes likewise contain these fluids;
and their use is probably that of conveying them
into the sap for the production of new arrange-
ments.

The trachez contain fluid matter, which is always
thin, watery, and pellucid ; and these organs, as
well as the false trachee, probably carry off water
from the denser juices, which are thus enabled to
consolidate for the production of new wood.

In the arrangement of the fibres of the wood,
there are two distinct appearances. There are
series of white and shining lamine, which shoot
from the centre towards the circumference, and
these constitute what is called the sifver grain of
the wood.

There are likewise numerous series of concen-
tric layers, which are usually called the spurious
grain, and their number denotes the age of the
tree.*

The silver grain is elastic and contractile ; and
it has been supposed by Mr. Knight, that the con-
tractions produced in it by changes of temperature
are the principal causes of the ascent of the sap.

The silver grain is most distinct in forest trees;
but even annual shrubs have a system of fibres
similar to it. The analogy of natur eis constant

* Fig. 8. represents the section of an elm branch, which ex-
hibits the tubular structure and the silver and spurious grain.
Fig. 9. represents the section of part of the branch of an oak.
Fig. 10. that of the branch of an ash.
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and uniform, and similar effects are usually pro-
duced by similar organs.

The pith occupies the centre of the wood ; its
texture is membranous ; it is composed of cells,
which are circular towards the extremity, and hexa-
gonal in the centre of the substance. In the first
infancy of the vegetable, the pith occupies but a
small space. It gradually dilates, and in annual
shoots and young trees offers a considerable dia-
meter. In the more advanced age of the tree,
acted on by the heart-wood, pressed by the new
layers of the alburnum, it begins to diminish, and
in very old forest trees becomes almost imper-
ceptible.

Many different opinions have prevailed with
regard to the use of the pith. Dr. Hales supposed
that it was the great cause of the expansion and
developement of the other parts of the plant ; that
being the most interior, it was likewise the most
acted upon of all the organs, and that from its
re-action the phenomena of their developement and
growth resulted.

Linnaeus, whose lively imagination was continu-
ally employed in endeavours to discover analogies
between the animal and vegetable systems, con-
ceived “ that the pith performed for the plant the
same functions as the brain and nerves in animated
beings.”” He considered it as the organ of irrita-
bility, and the seat of life.

The latest discoveries have proved that these
two opinions are equally erroneous. Mr. Knight
has removed the pith in several young trees, and
they continued to live and to increase.
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It is evidently, then, only an organ of secondary
importance. 1n early shoots, in vigorous growth,
it is filled with moisture ; and it is a reservoir, per-
haps, of fluid nourishment at the time it is most
wanted. As the heart-wood forms, it is more and
more separated from the living part, the alburnum ;
its functions become extinct, it diminishes, dies,
and at last disappears.

The tendrils, the spines, and other similar parts
of plants, are analogous in their organization to the
branches, and offer a similar cortical and alburnous
organization. It has been shown, by the late
observations of Mr. Knight, that the directions of
tendrils, and the spiral form they assume, depend
upon the unequal action of light upon them, and a
similar reason has been assigned by M. De Candolle
to account for the turning of the parts of plants
towards the sun; that ingenious physiologist sup-
poses that the fibres are shortened by the chemical
agency of the solar rays upon them, and that, con-
sequently, the parts will move towards the light.*

The leaves, the great sources of the permanent
beauty of vegetation, though infinitely diversified
in their forms, are in all cases similar in interior
organisation, and perform the same functions.

The alburnum spreads itself from the foot-stalks

* According to M. De Candolle, in the side of a branch most
exposed to light, more carbonic acid is decomposed and more
carbon is fixed in its tissue, and consequently it sooner becomes
firm and solid than on the other side where least exposed to the
agent in question, and therefore the latter elongates in a greater
degree than the former. The curvature towards the light is the
result. Vide Phisiologie Végétale, par M. De Candolle, p.832.
Paris, 1832.— J. D.
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into the very extremity of the leaf; it retains its
vascular system and its living powers; and its pe-
culiar tubes, particularly the trachea, may be dis-
tinctly seen in the leaf.*

The green membranous substance may be con-
sidered as an extension of the parenchyma, and
the fine and thin covering as the epidermis. Thus
the organization of the roots and branches may be
traced into the leaves, which present, however, a
more perfect, refined, and minute structure.

One great use of the leaves is for the exposure
of the sap to the influence of the air, heat, and
light. Their surface is extensive, the tubes and
cells very delicate, and their texture porous and
transparent.

In the leaves much of the water of the sap is
evaporated ; it is combined with new principles,
and fitted for its organizing functions, and probably
passes, in its prepared state, from the extreme tubes
of the alburnum into the ramifications of the cor-
tical tubes, and then descends through the bark.

On the upper surface of leaves, which is exposed
to the sun, the epidermis is thick but transparent,
and is composed of matter possessed of little or-
ganization, which is either principally earthy, or
consists of some homogeneous chemical substance.
In the grasses it is partly siliceous, in the laurel
resinous, and in the maple and thorn it is princi-
pally constituted by a substance analogous to wax.

* Fig. 11. represents part of a leaf of a vine magnified and
cut, so as to exhibit the trachese; it is copied, as are also the
preceding figures, from Grew's Anatomy of Plants.
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By these arrangements any evaporation, except
from the appropriated tubes, is prevented.

On the lower surface the epidermis is a thin
transparent membrane full of cavities, and it is pro-
bably altogether by this surface that moisture and
the principles of the atmosphere necessary to vege-
tation are absorbed.

If a leaf be turned, so as to present its lower
surface to the sun, its fibres will twist so as to bring
it as much as possible into its original position ;
and all leaves elevate themselves on the foot-stalk
during their exposure to the solar light, and as it
were move towards the sun.

This effect seems, in a great measure, dependent
upon the mechanical and chemical agency of light
and heat. Bonnet made artificial leaves, which,
when a moist sponge was held under the lower sur-
face, and a heated iron above the upper surface,
turned exactly in the same manner as the natural
leaves. This, however, can be considered only as
a very rude imitation of the natural process.

What Linnzus has called the sleep of the leaves,
appears to depend wholly upon the suspension of
the action of light and heat, and on the operation
of moisture.

This singular but constant phenomenon had never
been scientifically observed, till the attention of
the botanist of Upsal was fortunately directed to it.
He was examining particularly a species of lotus,
in which four flowers had appeared during the day,
and he missed two in the evening; by accurate
inspection, he soon discovered that these two were
hidden by the leaves, which had closed round them.
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Such a circumstance could not be lost upon so
acute an observer. He immediately took a lantern,
went into his garden, and witnessed a series of
curious facts before unknown. All the simple
leaves of the plants he examined had an arrange-
‘ment totally different from their arrangement in the
day: and the greater number of them were seen
closed or folded together.

The sleep of leaves is, in some cases, capable of
being produced artificially. De Candolle made this
experiment on the sensitive plant. By confining it
in a dark place in the day-time, the leaves soon
closed ; but on illuminating the chamber with many
lamps, they again expanded. So sensible were
they to the effects of light and radiant heat.

In the greater number of plants the leaves an-
nually decay, and are reproduced ; their decay takes
place either at the conclusion of the summer, as in
very hot climates, when they are no longer supplied
with sap, in consequence of the dryness of the soil,
and the evaporating powers of heat; or in the
autumn, as in the northern climates at the com-
mencement of the frosts. The leaves preserve
their functions, in common cases, no longer than
there is a circulation of fluids through them. In
the decay of the leaf, the colour assumed seems to
depend upon the nature of the chemical change;
and as acids are generally developed, it is usually
either reddish-brown or yellow ; yet there are great
varieties. Thus in the oak, it is bright brown; in
the beech, orange ; in the elm, yellow ; in the vine,
red; in the sycamore, dark-brown; in the cornel
tree, purple; and in the woodbine, blue.

' F
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The cause of the preservation of the leaves of
evergreens through the winter .is not accurately
known. ¥rom the experiments of Hales, it appears
that the force of the sap is much less in plants of
this species, and probably there is a certain degree
of motion in it, in warm days, even in winter; their
Jjuices are less watery than those of other plants,
and probably less liable to be congealed by cold,
and certainly not so easy of decomposition; and
their vessels are defended by stronger coatings from
the action of the elements.

The production of the other parts of the plant
takes place at the time the leaves are most vigor-
ously performing their functions. If the leaves
are stripped off from a tree in spring, it uniformly
dies ; and when many of the leaves of forest trees
are injured by blasts, or long-continued dryness,
the trees always become stag-headed and un-
healthy.

The leaves are necessary for the existence of the
individua tree; the_flowers for the continuance of
the species. Of all the parts of plants they are the
most refined, the most beautiful in their structure,
and appear as the master-work of nature in the
vegetable kingdom. The elegance of their tints,
the variety of their forms, the delicacy of their
organisation, and the adaptation of" their parts, are
all calculated to awaken our curiosity, and excite
our admiration.

In the flower there are to be observed, 1st, the
calyx, or green membranous part forming the sup-
port for the coloured floral leaves. This is vascular,
and agrees with the common leaf in its texture and
organisation ; it defends, supports, and nourishes
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the more perfect parts. 2d, The corolla, which
consists either of a single piece, when it is called
monopetalous ; or of many pieces, when it is called
polypetalous, It is usually very vivid in its co-
lours, is filled with an almost infinite variety of
small tubes of the porous kind; it incloses and
defends the essential parts in the interior, and sup-
plies the juices of the sap to them. These parts
are, 3d, the stamens and the pistils.

The essential part of the stamens are the sum-
mits or anthers, which are usually circular and of
a highly vascular texture, and covered with a fine
dust called the pollen.

The pistil is cylindrical, and surmounted by the
style ; the top of which is generally round and
protuberant.*

In the pistil, when it 1s examined by the micro-
scope, congeries of spherical forms may usually
be perceived, which seem to be the bases of the
future seeds.

It is upon the arrangement of the stamens and
the pistils that the Linnzan classification is founded.
The numbers of the stamens and pistils in the
same flower, their arrangements,- or their division

*in different flowers, are the circumstances which
guided the Swedish philosopher, and enabled him
to form a system admirably adapted to assist the
memory, and render botany of easy acquisition;
and which, though it does not always associate to-
gether the plants most analogous to each other in
their general characters, is yet so ingeniously con-

* Fig. 12. represents the common lily ; a-the corolla, bbbbb
the anthers, ¢ the pistil.
F 2
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trived as to denote all the analogies of their most
essential parts.

The pistil is the organ which contains the rudi-

ments of the seed; but the seed is never formed
as a reproductive germ, without the influence of
the pollen, or dust on the anthers.
. This mysterious impression is necessary to the
continued succession of the different vegetable
tribes. It is a feature which extends the resem-
blances of the different orders of beings, and esta-
blishes, on a great scale, the beautiful analogy of
nature.

The ancients had observed that different date
trees bore different flowers, and that those trees
producing flowers which contained pistils bore no
fruit, unless in the immediate vicinity of such trees
as produced flowers containing stamens. This
long-established fact strongly impressed the mind
of Malpighi, who ascertained several analogous
facts with regard to other vegetables. Grew, how-
ever, was the first person who attempted to gene-
ralise upon them, and much just reasoning on the
subject may be found in his works. Linnzus gave
a scientific and distinct form to that which Grew
had only generally observed, and has the glory of
establishing what has been called the sexual system,
upon the basis of minute observations and accurate
experiments.

The seed, the last production of vigorous vege-
tation, is wonderfully diversified in form. Being
of the highest importance to the resources of na-
ture, it is defended above all other parts of the
plant ; by soft pulpy substances, as in the esculent
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fruits ; by thick membranes, as in the leguminous
vegetables ; and by hard shells, or a thick epidermis,
as in the palms and grasses.

In every seed there is to be distinguished, 1. the
organ of nourishment ; 2. the nascent plant, or the
plume ; 3. the nascent root, or the radicle.

In the common garden bean, the organ of nou-
rishment is divided into two lobes called cotyledons ;
the plume is the small white point between the
upper part of the lobes; and the radicle is the
small curved cone at their base.*

In wheat, and in many of the grasses, the organ
of nourishment is a single part, and these plants
are calied monocotyledonous. In other cases it
consists of more than two parts, when the plants
are called polycotyledonous. In the greater number
of instances, it is, however, simply divided into
two, and is dicotyledonous.

The matter of the seed, when examined in its
common state, appears dead and inert: it exhibits
neither the forms nor the functions of life. But
let it be acted upon by moisture, heat, and air, and
its organised powers are soon distinctly developed.
The cotyledons expand, the membranes burst, the
radicle acquires new matter, descends into the soil,
and the plume rises towards the free air. By de-
grees the organs of nourishment of dicotyledonous
plants become vascular, and are converted into
seed leaves, and the perfect plant appears above
the soil. Nature has pravided the elements of
germination on every part of the surface; water

* Fig. 13. represents the garden bean; aa the cotyledons,
b the plume, ¢ the radicle.
F 3
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and pure air and heat are universally active, and
the means for the preservation and multiplication
of life are at once simple and grand.

To enter into more minute details on the veget-
able physiology would be incompatible with the
objects of these Lectures. I have attempted only
to give such general ideas on the subject as may
enable the philosophical agriculturist to understand
the functions of plants; those who wish to study
the anatomy of vegetables, as a distinct science,
will find abundant materials in the works of the
authors I have quoted, page 9., and likewise in the
writings of Linnzus, Desfontaines, De Candolle,
De Saussure, Bonnet, and Smith.

The history of the peculiarities of structure in
the different vegetable classes rather belongs to
botanical than agricultural knowledge. As I men-
tioned in the commencement of this Lecture, their
organs are possessed of the most distinct analogies,
and are governed by the same laws. In the grasses
and palms, the cortical layers are larger in propor-
tion than the other parts; but their uses seem to
be the same as in forest trees.

In bulbous roots, the alburnous substance forms
the largest part of the vegetable; but in all cases
it seems to contain the sap, or solid materials de-
posited from the sap.

The slender and comparatively dry leaves of the
pine and the cedar perform the same functions as
the large and juicy leaves of the fig-tree, or the
walnut.

Even in the cryptogamia class, where no flowers
are distinct, still there is every reason to believe



71

that the production of the seed is effected in the
same way as in the more perfect plants. The
mosses and lichens, which belong to this family,
have no distinct leaves, or roots, but they arc
furnished with filaments which perform the same
functions ; and even in the fungus and the mush-
room there is a system for the absorption and aéra-
tion of the sap.

It was stated in the last Lecture, that all the
different parts of plants are capable of being de-
composed into a few clements. Their uses as
food, or for the purposes of the arts, depend upon
compound arrangements of those clements which
are capable of’ being produced either from their
organised parts, or from the juices they contain ;
and the examination of the nature of these sub-
stances is an essential part of Agricultural Che-
mistry.

Oils are expressed from the fruits of many plants :
resinous fluids exude from the wood; saccharine
matters are afforded by the sap; and dyeing
materials are furnished by leaves, or the petals of
flowers : but particular processes are necessary to
separate the difterent compound vegctable sub-
stances from each other; such as maceration, in-
fusion, or digestion in water, or 1n spirits of wine:
but the application and the nature of thcse pro-
cesses will be better understood when the chemical
nature of the substances is known ; the consider-
ation of them will therefore be reserved for another
place in this Lecture.

The compound substances found in vegetables
are, 1. gum, or mucilage, and its different mo-

F 4
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difications; 2. starch; 8. sugar; 4. albumen; 5.
gluten; 6. gum elastic ; 7. extract; 8. tannin; 9.
indigo; 10. colouring principles ; 11. bitter prin-
ciples; 12. wax; 18. resins; 14. camphor; 15.
fixed oils; 16. volatile oils; 17. woody fibre ; 18.
acids; 19. alkalies, earths, metallic oxides, and
saline compounds.

I shall describe generally the properties and
composition of these bodies, and the manner in
which they are procured.

1. Gum is a substance which exudes from certain
trees ; it appears in the form of a thick fluid, but
soon hardens in the air, and becomes solid : when
it is white, or yellowish white, more or less trans-
parent, and somewhat brittle, its specific gravity
varies from 1300 to 1490.

There is a great variety of gums, but the best
known are gum arabic, gum senegal, gum traga-
canth, and the gum of the plum or cherry tree.
Gum is soluble in water, but not soluble in spirits
of wine. If a solution of gum be made in water,
and spirits of wine or alcohol be added to it, the
gum separates in the form of white flakes. Gum
can be made to inflame only with difficulty ; much
moisture is given off in the process, which takes
place with a dark smoke and feeble blue flame,
and a coal remains.

The characteristic properties of gum are its
easy solubility in water, and its insolubility in alco-
hol. Different chemical substances have been pro-
posed for ascertaining the presence of gum, but
there is reason to believe that few of them afford
accurate results; and most of them (particularly
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the metallic salts), which produce changes in solu-
tions of gum, may be conceived to act rather upon
some saline compounds existing in the gum, than
upon the pure vegetable principle:.*

Mucilage must be considered as a variety of
gum ; it agrees with it in its most important pro-
perties, but seems to have less attraction for water.
According to Hermbstadt, when gum and muci-
lage are dissolved together in water, the mucilage
may be separated by means of sulphuric acid.
Mucilage may be procured from linseed, from the
bulbs of the hyacinth, from the leaves of the
marsh-mallows, from several of the lichens, and
from many other vegetable substances.

From the analysis of MM. Gay Lussac and The-
nard, it appears that gum arabic contains in 100

parts,
Of carbon - - - 49923
— oxygen - - - 50-84
— hydrogen - - 693

With a small quantity of saline and
earthy matter. —_—

Or, of carbon - - - 42-23

Oxygen and hydrogen in the
proportions necessary to form} 5777
water - -

This estimation agrees very nearly with the de-
finite proportions of 11 of carbon, 10 of oxygen,
and 20 of hydrogen.

* The subacetate of lead appears to be the most delicate test
of gum ; according to the experiments of Berzelius, the precipi-
tate which it occasions is composed of 38-25 oxide of lead, and
6175 gum.— J. D. B
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All the varieties of gum and mucilage are nu-
tritious as food. They either partially or wholly
lose their solubility in water by being exposed to
a heat of 500° or 600° Fahrenheit, but their nutri-
tive powers are not destroyed unless they are de-
composed. Gum and mucilage are employed in
some of the arts, particularly in calico-printing :
till lately, in this country, the calico-printers used
gum arabic; but many of them, at the suggestion
of Lord Dundonald, now employ the mucilage
from lichens.

Q. Starch is procured from different vegetables,
but particularly from wheat or:from potatoes. To
make starch from wheat, the grain is steeped in
cold water till it becomes soft, and yields a milky
juice by pressure ; it is then put into sacks of linen,
and pressed in a vat filled with water: as long as
any milky juice exudes the pressure is continued :
the fluid gradually becomes clear, and a white
powder subsides, which is starch.

Starch is soluble in boiling water, but not in cold
water, nor in spirits of wine.* It is a characteristic
property of starch to be rendered blue by iodine.

Starch is more readily combustible than gum;
when thrown upon red-hot iron, it burns with a kind
of explosion, and scarcely any residuum remains.
According to MM. Gay Lussac and Thenard, 100

* Exposed to a temperature a little exceeding 212°, it is ren-
dered soluble in cold water, it becomes very similar to gum ; is
what De Saussure bas called amidine, and is best fitted for the
use of the calico-printer. Boiling water has an analogous effect

on starch ; boiled starch, rendered gelatinous, has the properties
of amidine. — J. D.
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parts of starch are composed of,

Carbon, with a small quantity of } 4855
saline and earthy matter

Oxygen - - - 49°68

Hydrogen - - - 677
Or,

Carbon - - 4355

proportions necessary to form
water - -

Supposing this estimation correct, starch-may be
conceived to be constituted by 15 proportions of
carbon, 13 of oxygen, and 26 of hydrogen.

Starch forms a principal part of a number of
esculent vegetable substances. Sowans, cassava,
salop, sago, all of them owe their nutritive powers
principally to the starch they contain.

Starch has been found in the following plauts :

Burdock (Arctium Lappa), Deadly Nightshade
(Atropa Belladona), Bistort (Polygonum Bistorta),
White Bryony (Bryonia alba), Meadow Saffron
(Colchicum autumnale), Dropwort (Spirea Filipen-
dula), Buttercup (Ranunculus bulbosus), Figwort
(Scrophularia nodosa), Dwarf Elder (Sambucus
ebulus), Common Elder (Sambucus Nigra), Fool-
stones (Orchis Morio), Alexanders (/mperatoria
Ostruthium), Henbane (Hyoscyamus niger), Broad-
leaved Dock (Rumex obtusifolius), Sharp-pointed
Dock (Rumex acutus), Water Dock (Rumex aqua-
ticus), Wake Robin (Arum maculatum), Salep
(Orchis mascula), Flower de Luce or Water-flag
(Iris Pseudacorus), Stinking Gladwyn (Iris fet:-
dissima), Earthnut ( Bunium Bulbocastanum).

Oxygen and hydrogen in the
} 5645
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8. Sugar in its purest state is prepared from the
expressed juice of the Saccharum qofficinarum, or
sugar-cane: the acid in this juice is neutralised
by lime, and the sugar is crystallised by the eva-
poration of the aqueous parts of the juice, and
slow cooling : it is rendered white by the gradual
filtration of water through it. In the common
process of manufacture, the whitening or refining
of sugar is only effected in a great length of time;
the water being gradually suffered to percolate
through a stratum of clay above the sugar. As
the colouring matter of sugar is soluble in a satu-
rated solution of sugar, or syrup, it appears that
refining may be much more rapidly and economi-
cally performed by the action of syrup on coloured
sugar.* The sensible properties of sugar are well
known. Its specific gravity according to Fahren-
heit is about 1'6. It is soluble in its own weight
of water at 50°; it is likewise soluble in alcohol,
but in smaller proportions.

Lavoisier concluded from his experiments, that

* A French gentleman lately in this country stated to the
West India planters, that he was in possession of a very expe-
ditious and economical method of purifying and refining sugar,
which he was willing to communicate to them for a very great
pecuniary compensation. His terms were too high to be ac-
ceded to. Conversing on the subject with Sir Joseph Banks,
I mentioned to him that I thought it probable that raw sugar
might be easily purified by passing syrup through it, which
would dissolve the colouring matter. The same idea seems to
have occurred about the same time, or before, to the late Ed-
ward Howard, Esq., who proved its efficacy experxmenta]ly, and
some time before his death took out a patent for various im-
provements in the manufacture of sugar.
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sugar consists in 100 parts, of
28 carbon,
8 hydrogen,
64 oxygen.

Dr. Thompson considers 100 parts of sugar as

composed of 275 carbon,
7-8 hydrogen,
647 oxygen.

According to the recent experiments of Gay
_ Lussac and Thenard, sugar consists of 4247 of
carbon, and 57:53 of water or its elements.

Lavoisier’s and Dr. Thompson’s analyses agree
very nearly with the proportions of

3 of carbon,
4 of oxygen,
and 8 of hydrogen.

Gay Lussac’s and Thenard’s estimation gives
the same elements as in gum; 11 of carbon, 10 of
oxygen, 20 of hydrogen.

It appears from the experiments of Proust,
Achard, Goettling, and Parmentier, that there are
many different species of sugar ready formed in
the vegetable kingdom. The sugar of the Ame-
rican maple, Acer saccharinum, is precisely the same
as that of the cane. This sugar is used by the
North American farmers, who procure it by a kind
of domestic manufacture. The trunk of the tree
is bored early in spring, to the depth of about two
inches; a wooden spout is introduced into the
hole ; the juice flows for about five or six weeks.
A common-sized tree, that is, a tree from two to
three feet in diameter, will yield about 200 pints
of sap, and every 40 pints of sap afford about a
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pound of sugar. The sap is neutralized by lime,
and deposits crystals of sugar by evaporation.

The sugar of grapes has been lately employed
in France as a substitute for colonial sugar. It
is procured from the juice of ripe grapes by eva-
poration and the action of pot-ashes; it is less
sweet than common sugar, and its taste is pecu-
liar: it produces a sensation of cold while dissolv-
ing in the mouth; and, it is probable, contains a
larger portion of water, or its elements.

The roots of the beet (Beta vulgaris and cicla)
afford sugar, by boiling, and the evaporation of the
extract : it crystallizes, and does not differ in its
properties from the sugar of the cane in France.

Manna, a substance which exudes from various
trees, particularly from the Frazinus Ornus, a
species of ash, which grows abundantly in Sicily
and Calabria, may be regarded as a variety of
sugar very analogous to the sugar of grapes.* A
substance analogous to manna has been extracted
by Fourcroy and Vauquelin from the juice of the
common onion (Alium Cepa).

Besides the crystallized and solid sugars, there
appears to be a sugar which cannot be separated
from water, and which exists only in a fluid form
it constitutes a principal part of melasses or treacle ;
and it is found in a variety of fruits: it is more

soluble in alcohol than solid sugar.
The simplest mode of detecting sugar is that

* The substance to which manna owes its sweetness has re-
cently been considered distinct, and called mannite. It is said
not to ferment when leaven is added to its solution in water;
thus differing from all the varieties of sugar.—J. D.
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recommended by Margraaf. The vegetable is to
be boiled in a small quantity of alcohol; solid
sugar, if any exist, will separate during the cooling
of the solution,

Sugar has been extracted from the following
vegetable substances: —

The sap of the Birch (Betula alba), of the Sy-
camore (Acer Pseudoplatanus), of the Bamboo
(Arundo Bambos), of the Maize (Zea mays), of
the Cow Parsnip (Heracleum Spondylium), of the
Cocoa-nut tree (Cocos nucifera), of the Walnut-
tree (Juglans alba,) of the American aloes (Agave
Americana), of the Dulse (Fucus palmatus), of the
Common Parsnip (Pastanica sativa), of St. John’s
bread (Ceratonia Siliqua); the fruit of the com-
mon Arbutus (Arbutus Unedo), and other sweet-
tasted fruits; the roots of the Turnip (Brassica
Rapa), of the Carrot (Daucus Carota), of Parsley
(Apium petrosclinum), the flower of the Euxine
Rhododendron (Rkhododendron ponticum), and from
the nectarium of most other flowers.

The nutritive properties of sugar arc well known.
At the time the British market was over-stocked
with this article from the West India islands, pro-
posals were made for applying it as the food of
cattle ; experiments had been instituted, which
proved that they might be fattened by it : but diffi-
culties connected with the duties laid on sugar pre-
vented the plan from being tried to any extent.

4. Albumen is a substance which has only lately
been discovered in the vegetable kingdom. It
abounds in the juice of the Papaw-tree (Carica
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papaya): when the juice is boiled, the albumen
falls down in a coagulated state. It is likewise
found in mushrooms, and in different species of
funguses.

Albumen, in its pure form, is a thick, glairy,
tasteless fluid ; precisely the same as the white of
the egg ; it is soluble in cold water ; its solution,
when not too diluted, is- coagulated by boiling,
and the albumen separates in the form of thin
flakes. Albumen is likewise coagulated by acids
and by alcohol : a solution of albumen gives a pre-
cipitate when mixed with a cold solution of nut-
galls. Albumen, when burnt, produces a smell of
volatile alkali, and affords carbonic acid and water ;
it is therefore evidently prihcipally composed of
carbon, hydrogen, oxygen, and azote.

According to the experiments of Gay Lussac
and Thernard, 100 parts of albumen from the white
of the egg are composed of

Carbon - - 52-883
Oxygen - - 23:872
Hydrogen - - 7:540
Azote - - . 15705

This estimation would anthorise the supposition
that albumen is composed of ¢ proportions of azote, ,
5 oxygen, 9 carbon, 32 hydrogen.

The principal part of the almond, and of the
kernels of many other nuts, appears from the ex-
periments of Proust, to be a substance analogous
to coagulated albumen.

The juice of the fruit of the Ochra (Hibiscus
esculentus), according to Dr. Clarke, contains a
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liquid albumen in such quantities, that it is em-
ployed in Dominica as a substitute for the white
of eggs in clarifying the juice of the sugar cane.

Albumen may be distinguished from other sub-
stances by its property of coagulating by the
action of heat or acids, when dissolved in water.
According to Dr. Bostock, when the solution
contains only one grain of albumen to 1000 grains
of water, it becomes cloudy by being heated.

Albumen is a substance common to the animal
as well as to the vegetable kingdom, and much
more abundant in the former.

5. Gluten may be obtained from wheaten flour

by the following process : the flower is to be made
into a paste, which is to be cautiously washed, by
kneading it under a small stream of water, till the
water has carried off frcm it all the starch ; what
remains is gluten. It is a tenacious, ductile,
elastic substance. It has no taste. By exposure
to air, it becomes of' a brown colour. It is very
slightly soluble in cold water; but not soluble in
alcohol. When a solution of it in water is heated,
the gluten separates in the form of yellow flakes;
in this respect it agrees with albumen, but differs
from it in being infinitely less soluble in water.
"The solution of albumen does not coagulate when
it contains much less than 1000 parts of albumen;
but it appears that gluten requires more than 1000
parts of cold water for its solution.

Gluten when burnt affords similar products to
albumen, and probably differs very little from it in
composition. Gluten is found in a great number
of plants : " Proust discovered it in acorns, chesnuts,
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horse-chesnuts, apples, and quinces; barley, rye,
peas, and beans; likewise in the leaves of rue,
cabbage, cresses, hemlock, borage, saffron, in the
berries of the elder, and in the grape. Gluten
appears to be one of the most nutritive of the ve-
getable substances; and wheat seems to owe its
superiority to other grain from the circumstance
of its containing it in larger quantities.

6. Gum elastic, or Caoutchouc, is procured from
the juice of a tree which grows in the Brazils,
called Heevea. When the tree is punctured, a
milky juice exudes from it, which gradually de-
posits a solid substance, and this is gum elastic.

Gum elastic is pliable and soft like leather, and
becomes softer when heated. In its pure state it
is white ; "its specific gravity is 93835. It is com-
bustible, and burns with a white flame, throwing
off a dense smoke, with a very disagreeable smell.
It is insoluble in water and in alcohol ; it is solu-
ble in ether, volatile oils, and in petroleum, and
may be procured from ether in an unaltered state,
by evaporating its solution in that liquid. Gum
elastic seems to exist in a great variety of plants:
amongst them are, Jatropha elastica, I'icus indica,
Artocarpus integrifolia, and Urceola elastica.

Bird-lime, a substance which may be procured”
from the holly, is very analogous to gum elastic in
its properties. Species of gum elastic may be ob-
tained from the misletoe, from gum-mastic, opium,
and from the berries of the Smilax caduca, in which
last plant it has been lately discovered by Dr.
Barton.

Gum elastic,c when distilled, affords volatile
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alkali, water, hydrogen, and carbon, in different
combinations, It therefore consists principally of
azote, hydrogen, oxygen, and carbon; but the
proportions in which they are combined have not
yet been ascertained. Gum elastic is an indiges-
tible substance, not fitted for the food of animals;
its uses in the arts are well known.*

7. Extract, or the extractive principle, exists in
almost all plants. It may be procured in a state
of tolerable purity from saffron, by merely infusing
it in water, and evaporating the solution. It may
likewise be obtained from catechu, or Zerra japo-
nica, a substance brought from India. This sub-
stance consists principally of astringent matter,
and extract; by the action of water upon it, the
astringent matter is first dissolved, and may be
separated from the extract. Extractis always more
or less coloured : it is soluble in alcohol and water,
but not soluble in ether. It unites with alumina,
when that earth is boiled in a solution of extract ;
and it is precipitated by the salts of alumina,
and by many metallic solutions, particularly the
solution of muriate of tin.

From the products of its distillation, it seems to
be composed principally of hydrogen, oxygen,
carbon, and a little azote.

- There appears to be almost as many varieties of
cxtract as there are species of plants. The differ-
ence of their properties probably in many cases
depends upon their being combined with small

* By careful distillation, a very volatile fluid may be obtained
from it, of sp. gr. 0°64:: it is a powerful solvent of caoutchouc,
and of the resins used in the preparation of varnishes.—J. D.

G 2
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quantities of other vegetable principles, or to their
containing different saline, alkaline, acid, or earthy
ingredients. Many dyeing substances seem to be
of the nature of extractive principle; such as the
red colouring matter of madder, and the yellow
dye, procured from weld.

Extract has a strong attraction for the fibres of
cotton or linen, and combines with these substances
when they are boiled in a solution of it. The
combination is made stronger by the intervention
of mordants, which are earthy or metallic combina-
tions that unite to the cloth, and enable the colour-
ing matter to adhere more stiongly to its fibres.

Extract, in its pure form, cannot be used as an
article of food, but it is probably nutritive when
united to starch, mucilage, or sugar.

8. Tannin, or the tanning principle, may be pro-
cured by the action of a small quantity of cold water
on bruised grape-seeds, or pounded gall-nuts ; and
by the evaporation of the solution to dryness.* It
appears as a yellow substance, possessed of a highly
astringent taste. It is difficult of combustion. It
is very soluble, both in water and alcohol, but in-
soluble in ether. When a solution of glue, or isin-
glass (gelatine), is mixed with an aqueous solution _
of tannin, the two substances, :. e. the animal and
vegetable matters, fall down in combination, and
form an insoluble precipitate.

* In the purest form in whicl it has been obtained by M.
Pelouze it is colourless, has distinct acid properties, and is con-
verted into gallic acid by an absorption of oxygen on exposure
to the atmosphere. The term tannic acid has recently been
applied to it.—J. D.
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When tannin is distilled in close vessels, the
principal products are charcoal, carbonic acid, and
inflammable gases, with a minute quantity of vola-
tile alkali. Hence its elements seem the same as
those of extract, but probably in different propor-
tions. The characteristic property of tannin is its
action upon solutions of isinglass or jelly ; this par-
ticularly distinguishes it from extract, with which it
agrees in most other chemical qualities.

There are many varieties of tannin, which pro-
bably owe the difference of their properties to com-
binations with other principles, especially extract,
from which it is not edsy to free tannin. The
purest species of tannin is that obtained from the
seeds of the grape ; this forms a white precipitate,
with solution of isinglas~. The tannin from gall-
nuts resembles it in its properties. That from
sumach affords a yellow precipitate ; that from kino
a rose-coloured ; that from catechu a fawn-coloured
one. The colouring matter of Brazil-wood, which
M. Chevreul considers as a peculiar principle, and
which he has called Hematine, differs from other
species of tannin, in affording a precipitate with
gelatine, which is soluble in abundance of hot
water. Its taste is much sweeter than that of the
other varieties of tannin, and it may perhaps be
regarded as a substance intermediate between tan-
nin and extract.

Tannin is not a nutritive substance, but is of
great importance in its application to the art of
tanning. Skin consists almost entirely of jelly or
gelatine, in an organised state, and is soluble by the
long-continued action of boiling water., When

e 3
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skin is exposed to solutions containing tannin, it
slowly combines with that principle; its fibrous
texture and coherence are preserved ; it is rendered
perfectly insoluble in water, and is no longer liable
to putrefaction : in short, it becomes a substance
in chemical composition precisely analogous to that
furnished by the solution of jelly and the solution
of tannin. -

In general, in this country, the bark of the oak
is used for affording tannin in the manufacture of
leather: but the barks of some other trees, parti-
cularly the Spanish chesnut, have lately come into
use. The following table will give a general idea
of the relative value of different species of barks.
It is founded on the result of experiments made by

myself.
Table of Numbers exhibiting the Quantity of Tannin (iﬂorded
4

by 480 lbs. of different Barks, which cxpress nearly their
relative Values.

Ib.

Average of entire Bark of middle-sized Oak, cut in
spring - - 29
. of Spanish Chesnut - . 21

. of Leicester Willow, large
size 33
« of Elm - - 13
- of Common Willow, large 11
- of Ash - - - 16
- of Beech - - 10
. of Horse Chesnut - 9
» of Sycamore - - 11
. of Lombardy Poplar - - 15
- of Birch - - - 8
. of Hazel - - 14
» of Black Thorn - - 16
- of Coppice Oak - - 32
of Oak, cut in autumn - 21
of Larch, cut in autumn - 8

White interior cortical layers of Oak Bark 72
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The quantity of the tannin principle in barks
differs in different seasons; when the spring has
been very cold the quantity is smallest. On an
average, 4 or 5 lbs. of good oak bark are required
to form 1 lb. of leather. The inner cortical layers
in all barks contain the largest quantity of tannin,
Barks contain the greatest proportion of tannin
at the time_the buds begin to open — the smallest
quantity in winter.

The extractive or colouring matters found in
barks, or in substances used in tanning, influence
the quality of leather. Thus skin tanned ith gall-
nuts is much paler than skin tanned with oak bark,
which contains a brown extractive matter. Leather
made from catechu is of a reddish tint. It is pro-
bable that in the process of tanning, the matter of
skin and the tanning principle first enter into
union, and that the leather, at the moment of its
formation, unites to the extractive matter.

In general, skins in being converted into leather
increase in weight about one third *; and the opera-
tion is most perfect when they are tanned slowly.
When skins are introduced into very strong in-
fusions of tannin, the exterior parts immediately
combine with that principle, and defend the inte-
rior parts from the action of the solution: such
leather is liable to crack and to decay by the action
of water.

The precipitates obtained from infusions con.
taining tannin by isinglass, when dried, contain at

* This estimation must be considered as applymg to dry skin
and dry leather.
G 4
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a medium rate about 40 per cent. of vegetable
matter. It is easy to obtain the comparative value
of different substances for the use of the tanner, by
comparing the quantities of precipitate afforded by
infusions of given weights mixed with solutions of
glue or isinglass.

To make experiments of this kind, an ounce or
180 grains of the vegetable substance, in coarse
powder, should be acted upon by half a pint of
boiling water. The mixture should be frequently
stirred, and suffered to stand 24 hours; the fluid
should then be passed through a fine linen cloth,
and mixed with an equal quantity of solution of
gelatine, made by dissolving glue, jelly, or isin-
glass, in hot water, in the proportion of a drachm
of glue or isinglass, or six table-spoonfuls of jelly,
to a pint of water. The precipitate should be col-
lected by passing the mixture of the solution and
infusion through folds of blotting-paper, and the
paper exposed to the air till its contents are quite
dry. If pieces of paper of equal weights are used,
in cases in which different vegetable substances are
employed, the difference of the weights of the
papers, when dried, will indicate with tolerable
accuracy the quantities of tannin contained by the
substances, and their relative value, for the pur-
poses of manufacture. Four tenths of the increase
of weight, in grains, must be taken, which will be
in relation to the weights in the table.

Besides the barks already mentioned, there are
a number of others which contain the tanning
principle. Few barks, indeed, are entirely frce
from it. It is likewise found in the wood and
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leaves of a number of trees and shrubs, and is one
of the most generally diffused of the vegetable
principles. -

A substance very similar to tannin has been
formed by Mr. Hatchett, by the action of heated
diluted nitric acid on charcoal, and evaporation of
the mixture to dryness. From 100 grains of char-
coal Mr. Hatchett obtained 120 grains of artificial
tannin, which, like natural tannin, possessed the
property of rendering skin insoluble in water.

Both natural and artificial tannin form com-
pounds with the alkalies and the alkaline earths;
and these compounds are not decomposable by
skin. The attempts that have been made to ren-
der oak bark more efficient as a tanning material by
infusion in lime water, are consequently founded
on erroneous principles. Lime forms with tannin
a compound not soluble in water.

The acids unite to tannin, and produce coni-
pounds that are more or less soluble in water. It
is probable that in some vegetable substances
tannin exists combined with alkaline or earthy
matter ; and such substances will be rendered more
efficacious for the use of the tanner by the action
of diluted acids.

9. Indigo may be procured from woad (Isatis
tmctorza), by digesting alcohol on it, and eva-
porating the solution. White crystalline grains
are obtained, which gradually become blue by the
action of the atmosphere : these grains are the sub-
stance in question.

The indigo of commerce is prmmpally brought
from America. It is procured from the Indigo-
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Jera argentea, or wild indigo, the Indigofera di-
sperma, or Guatimala indigo, and the Indigofera
tinctoria, or French indigo. It is prepared by
fermenting the leaves of those trees in water.
Indigo, in its common form, appears as a fine deep
blue powder.* It is insoluble in water, and but
slightly soluble in alcohol: its true solvent is sul-
phuric acid: 8 parts of sulphuric acid dissolve 1
part of indigo ; and the solution diluted with water
forms a very fine blue dye.

Indigo by its distillation affords carbonic acid
gas, water, charcoal, ammonia, and some oily and
acid matter: the charcoal is in very large propor-
tion. Pure indigo, therefore, most probably con-
sists of carbon, hydrogen, oxygen, and azote.

Indigo owes its blue colour to combination with
oxygen. For the uses of the dyers, it is partly
deprived of oxygen, by digesting it with orpi-
ment and lime water, when it becomes soluble in
the lime water, and of a greenish colour. Cloths
steeped in this solution combine with the indigo;
they are green when taken out of the liquor, but
become blue by absorbing oxygen when exposed
to air.

Indigo is one of the most valuable and most
extensively used of the dyeing materials.

10. There are a number of colouring principles
found in different vegetable productions, the pro-
perties of which are less marked than those of
indigo, and the separation more difficult. The

* By a carefully regulated temperature, it may be subliried
without decomposition, and obtained in a pure crystalline
state. — J. D.
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colouring matters of carthamus and madder are
the most fixed amongst the red vegetable colours.
A number of vegetable substances are rendered
red by the action of acids, and green by that of
alkalies. They all seem to be composed of different
proportions of hydrogen, oxygen, and carbon;
but are so liable to change, that few distinct ex-
periments have been made upon their nature. In
dyeing, they are usually applied to cloths prepared
for receiving them by combination with certain
saline or metallic preparations called mordants;
and, in consequence of the triple union formed
between the cloth, the mordant, and the colouring
matter, the tint is modified, or changed, and ren-
dered more permanent.

11. The bitter principle is very extensively dif-
fused in the vegetable kingdom ; it is found abun-
dantly in the Hop (Humulus Lupulus), in the
common Broom (Spartium scoparium), in the
Chamomile (Anthemis nobilis), and in Quassia
amara and excelsa. It is obtained from those
substances by the action of water or alcohol, and
evaporation. It is usually of pale yellow colour ;
its taste is intensely bitter. It is very soluble,
both in water and alcohol; and has little or no
action on alkaline, acid, saline, or metallic solu-
tion.

An artificial substance, similar to the bitter
principle, has been obtained by digesting diluted
nitric acid on silk, indigo, and the wood of the
white willow, This substance has the property of
dyeing cloth of a bright yellow colour; it differs
from the natural bitter principle in its power of
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combining with the alkalies; in union with the
fixed alkalies, it constitutes crystallised bodies,
which have the property of detonating by heat or
percussion. '

The natural bitter principle is of great impor-
tance in the art of brewing; it checks ferment-
ation, and preserves fermented liquors ; it is like-
wise used in medicine.

The bitter principle, like the narcotic principle,
appears to consist principally of carbon, hydro-
gen, and oxygen, with a little azote.

12. Waz is found in a number of vegetables; it
is procured in abundance from the berries of the
Wax Myrtle (Myrica ceriféra)*: it may be likewise
obtained from the leaves of many trees: in its
pure state it is white. Its specific gravity is -0662;
it melts at 155 degrees : it is dissolved by boiling
alcohol ; but it is not acted upon by cold alcohol :
it is insoluble in water : its properties as a com--
bustible body are well known.

The wax of the vegetable kingdom seems to be
precisely of the same nature as that afforded by the
bee.}

From the experiments of MM. Gay Lussac

® It is also procured from the berries of the cinnamon tree
(Laurus Cinnamomum). The products of this tree are remark-
able : its wood is colourless, insipid, and inodorous ; its bark, as
is well known, contains the oil which bears its name ; its leaves,
an oil similar to that of cloves ; its berries, wax, as above men-
tioned; and its roots camphor.—J. D,

1 According to the recent analysis of bees’ wax and of vege-
table wax by Oppermann, they differ in the proportions of their
elements, — J. 1),
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and Thenard, it appears that 100 parts of wax
consist of

Carbon . - - 1784

Oxygen - - - 5544

Hydrogen - - 12672
Or otherwise,

Carbon - - - 81484

proportions necessary to
form water - -

Hydrogen - - 11916

Which agrees very nearly with 37 proportions of
hydrogen, 21 of charcoal, 1 of oxygen.

13. Resin is very common in the vegetable
kingdom. One of the most usual species is that
afforded by the different kinds of fir, When a
portion of the bark is removed from a fir-tree in
spring, a matter exudes, which is called turpen-
tine ; by heating this turpentine gently, a volatile
oil rises from it, and a more fixed substance re-
mains : this substance is resin.

The resin of the fir is the substance commonly
known by the name of rosin; its properties are
well known. Its specific gravity is 1072. It
melts readily, burns with a yellow light, throwing
off much smoke. Resin is insoluble in water,
either hot or cold; but very soluble in alcohol.
When a solution of resin in aleohol is mixed
with water, the solution becomes milky ; the resin
is deposited by the stronger attraction of the water
for the alcohol.

Resins are obtained from many other species of

Oxygen and hydrogen in the
6:300
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trees. Mastich from the Pistacia Lentiscus, Elemi
from the Amyris elemifera, Copal from the Rhus
copallinum, Sandarach from the common juniper.
Of these resins copal is the most peculiar. It is
the most difficultly dissolved in alcohol ; and for
this purpose must be exposed to that substance in
vapour; or the alcohol employed must hold cam-
phor in solution. According to Gay Lussac and
Thenard,
100 parts of common resin contain

Carbon - - - 75944

Oxygen - - - 13-337

Hydrogen - - 10-719
Or of

Carbon - - - 75944

the proportions necessary
to form water -
Hydrogen in excess - 8-:900
According to the same chemists, 100 parts of
copal consist of

Oxygen and hydrogen in
} 15-156

Carbon - - - 76-811

Oxygen - - - 10:606

Hydrogen - - - 12583
Or,

Carbon - - - 76:11

Water or its elements - - 12052

Hydrogen - - - - 11137

From these results, if resin be a definite com-
pound, it may be supposed to consist of 8 pro-
portions of carbon, 12 of hydrogen, and one of
oxygen.

Resins are used for a variety of purposes. Tar
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and pitch principally consist of resin, in a partially
decomposed state. Tar is made by the slow com.
bustion of the fir ; and pitch by the evaporation of
the more volatile parts of tar. Resins are em-
ployed as varnishes, and for these purposes are dis-
solved in alcohol or oils. Copal forms one of the
finest. It may be made by boiling it in powder
with oil of rosemary, and then adding alcohol te
the solution.

14. Camphor is produced by distilling the wood
of the Camphor-tree (Laurus Camphora), which
grows in Japan. It is a very volatile body, and
may be purified by distillation. Camphor is a
white, brittle, semitransparent substance, having
a peculiar odour, and a strong acrid taste. Itis
very slightly soluble in water ; more than 100,000
parts of water are required to dissolve 1 part of
camphor. It is very soluble in alcohol ; and by
adding water in small quantities at a time to the
solution of camphor in alcohol, the camphor sepa-
rates in a crystallised form. It is soluble in nitric
acid, and is separated from it by water.

Camphor is very inflammable ; it burns with a
bright flame, and throws off a great quantity of
carbonaceous matter. It forms, in combustion,
water, carbonic acid, and a peculiar acid called
camphoric acid. No accurate analysis has been
made of camphor, but it seems to approach to the
resing in its composition; and consists of carbon,
hydrogen, and oxygen.

Camphor exists in other plants bemdes the Lau.-
rus Camphora. It is procured from species of the
Laurus growing in Sumatra, Borneo, and other of



96

the East Indian isles. It has been obtained from
Thyme (Thymus Serpyllum), Marjoram (Origanum
Muyjorana), Ginger tree (Amomum Zingiber), Sage
(Salvia officinalis). Many volatile oils yield cam-
phor by being merely exposed to the air.

An artificial substance very similar to camphor
has been formed by M. Kind, by saturating oil of
turpentine with muriatic acid gas (the gaseous sub-
stance procured from common salt by the action
of sulphuric acid). The camphor procured in
well-conducted experiments amounts to half of
the oil of turpentine used. It agrees with com-
mon camphor in most of its sensible properties ;
but differs materially in its chemical qualities and
composition. It is not soluble without decom-
position in nitric acid. From the experiments of
Gehlen, it appears to consist of the elements of
oil of turpentine, carbon, hydrogen, and oxygen,
united to the elements of muriatic gas, chlorine,
and hydrogen.

From the analogy of artificial to natural camphor,
it does not appear improbable that natural cam-
phor may be a secondary vegetable compound,
consisting of camphoric acid and volatile oil.
Camphor is used medicinally, but it has no other
application.* '

15. Fized oil is obtained by expression from
seeds and fruits ; the olive, the almond, linseed,
and rape-seed, afford the most common vegetable
fixed oils. The properties of fixed oils are well

* From the researches of Dumas, it would appear that cam-
phor is an oxide of camphene, itself a compound of carbon and
hydrogen.— J. D.



97

known. Their specific gravity is less than that of
water ; that of olive and of rape-seed oil is *918 ;
that of linseed and almond oil ‘932; that of
palm oil ‘968 ; that of walnut and beech-mast oil
*023. Many of the fixed oils congeal at a lower
temperature than that at which water freezes.
They all require for their evaporation a higher
temperature than that at which water boils.* The
products of the combustion of oil are water and
carbonic acid gas.

From the experiments of Gay Lussac and
Thenard, it appears that olive oil contains, in 100
parts,

Carbon - - 77218
Oxygen - - 9427
Hydrogen - - 13:360

This estimation is a near approximation to 11
proportions of carbon, 20 hydrogen, and 1
oxygen.

The following is a list of fixed oils, and of the
trees that afford them.

Olive oil, from the Olive tree (Olea europea),
Linseed oil, from the common and perennial Flax
( Linum usitatissimum et perenne), Nut oil, from the
Hazel nut (Corylus Avellana), Walnut (Juglans
regia), Hemp oil, from the Hemp (Cannabis sativa),
Almond oil, from the sweet Almond (.Imygdalus
communis), Beech oil, from the common Beech
(Fagus sylvatica), Rape-seed oil, from the Rapes

* From the researches of Chevreul and Le Canu, it would
appear that the fixed oils consist of two principles,—a fluid prin-
ciple oleine, and a solid one margarine,—the proportions of
which vary in different instances.—J. D.

H
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(Brassica Napus et campestris), Poppy oil, from the
Poppy (Papaver somnmiferum), oil of Sesamum,
from the Sesamum (Sesamum orientale), Cucumber
oil, from the gourds (Cucurbita Pepo et Melopepo),
oil of Mustard, from the Mustard (Sinapis nigra et
arvensis), oil of Sunflower, from the annual and
perennial Sunflower (Helianthus annuus et perennis),
Castor oil, from the Palma Christi (Ricinus com-
munis), Tobacco-seed oil, from the Tobacco (Nico-
tiana Tabacum et rustica), Plum kernel oil from the
Plum tree (Prunus domestica), Grape-seed oil,
from the Vine (Vitis vinifera), Butter of cacoa,
from the Cacoa tree (Z%eobroma Cacao), Laurel
oil, from the sweet Bay (tree Laurus nobilis).

The fixed oils are very nutritive substances ;
they are of great importance in their applications
to the purposes of life. Fixed oil, in combination
with soda, forms the finest kind of hard soap. The
fixed oils are used extensively in the mechanical
arts, and for the preparation of pigments and
varnishes.

16. Volatile oil, likewise called essential oil,
differs from fixed oil, in being capable of evapor-
ation by a much lower degree of heat, in being
soluble in alcohol, and in possessing a very slight
degree of solubility in water.

There is a great number of volatile oils, distin-
guished by their smell, their taste, their specific
gravity, and other sensible qualities. A strong
and peculiar odour may, however, be considered as
the great characteristic of each species: the vola-
tile oils inflame with more facility than the fixea
oils, and afford, by their combustion, different pro-
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portions of the same substances, water, carbonic
acid, and carbon.

The following specific gravities of different vo-
latile oils were ascertained by Dr. Lewis : —

Oil of Sassafras 1094  Oil of Tansy 946
—— Cinnamon 1035 Caraway 040
—— Cloves 1034 Origanum 940
~— Fennel 997 ~—— Spike 936
— Dill 994 Rosemary 984

Penny Royal 978 ~—— Juniper 911

Cumin 975 ——— Oranges 888
—— Mint 975 Turpentine 792
Nutmegs 948

The peculiar odours of plants seem, in almost
all cases, to depend upon the peculiar volatile oils
they contain. All the perfumed distilled waters
owe their peculiar properties to the volatile oils
they hold in solution. By collecting the aromatic
oils, the fragrance of flowers, so fugitive in the
common course of nature, is as it were embodied
and made permanent.

It cannot be doubted that the volatile oils
consist of carbon, hydrogen, and oxvgen; but
no accurate experiments have as yet been made
on the proportions in which these elements are
combined.

The volatile oils have never been used as articles
of food; many of them are employed in the arts,
in the manufacture of pigments and varnishes ; but
their most extensive application is as perfumes.

17. Woody fibre is procured from wood, bark,
leaves or flowers of trees, by exposing them to
the repeated action of boiling water and boiling

H 2
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alcohol. It is the insoluble matter that remains,
and is the basis of the solid organized parts of
plants. There are as many varieties of woody
fibre as there are plants and organs of plants; but
they are all distinguished by their fibrous texture,
and their insolubility.

Woody fibre burns with a yellow flame, and pro-
duces water and carbonic acid in burning. When
it is distilled in close vessels, it yields a consider-
able residuum of charcoal. It is from woody fibre,

"indeed, that charcoal is procured for the purposes
of life.

The following table contains the results of ex-
periments made by Mr. Mushet, on the quantity of
charcoal afforded by different wood : —

100 parts of Lignum Vitae - 26-8 of charcoal
Mahogany - - 254
Laburnum - - 45
———— . Chesnut - - 232
S Oak - - - 226
s~ American black Beech 214
—————— Walnut - - - 200
S Holly - - 199
Beech - - 199
————— American Maple - 199
——— Elm - - - 195
—_— Norway Pine - 192
Sallow - - - 184
—_ Ash - - 179
Birch - - 174
Scottish Fir .- . 164

M. Gay Lussac and Thenard have concluded,
from their experiments on the wood of the oak and
the beech, that 100 parts of the first contain : —
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Of Carbon - - - 5258

— Oxygen - - 41478

— Hydrogen - - - 569
and 100 parts of the second : —

Of Carbon - - 5145

— Oxygen - - 42978

— Hydrogen - .- 582

Supposing woody fibre to be a definitive com-
pound, these estimations lead to the conclusion,
that it consists of 5 proportions of carbon, 8 of
oxygen, and 6 of hydrogen ; or 57 carbon, 45 oxy-
gen, and 6 hydrogen.

It will be unnecessary to speak of the applications
of woody fibre. The different uscs of the woods,
cotton, linen, the barks of trees, are sufficiently
known. Woody fibre appears to be an indigestible
substance.*

18. The acids found in the vegetable kingdom
are numerous ; the true vegetable acids which exist
ready formed in the juices or organs of plants, are
the oxalic, citric, tartaric, benzoic, acetic, meconic,
malic, gallic, and prussic acid.

All these acids, except the acetic, malic, and
prussic acids, are white crystallised bodies. The
acetic, malic, and prussic acids have been obtained
only in the fluid state; they are all more or less

* By trituration and fermentation, and the heat of the oven,
woody fibre may be converted into a kind of bread ; by the ac-
tion of strong sulphuric acid on it, it may be changed into a kind
of gum, and this gum, by boiling, may be transformed into sugar :
and as it is possible that similar changes may be effected in it
in the alimentary canal of animals, it may not be entirely indi-
gestible.  Vide p.124.—J. D,

u 3



soluble in water ; all have a sour taste except the
gallic and prussic acids ; of which the first has an
astringent taste, and the latter a taste like that of
bitter almonds. The meconic acid exists in opium.

The oxalic acid exists, uncombined, in the liquor
which exudes from the Chich pea (Cicer arietinum),
and may be procured from wood Sorrel (Ozalis
Acetosella), common sorrel, and other species of
Rumex : and from the Geranium acidum. Oxalic
acid is easily discovered and distinguished from
other acids by its property of decomposing all cal-
careous salts, and forming with lime a salt insoluble
in water; and by its crystallising in four-sided
prisms.

The citric acid is the peculiar acid existing in
the juice of lemons and oranges. It may likewise
be obtained from the cranberry, whortleberry, and
hip.

Citric acid is distinguished by its forming a salt
insoluble in water with lime ; but decomposable by
the mineral acids.

The tartaric acid may be obtained from the juice
of mulberries and grapes; and likewise from the
pulp of the tamarind. It is characterised by its
property of forming a difficultly soluble salt with .
potassa, and an insoluble salt decomposable by the
mineral acids with lime.

Benzoic acid may be procured from several re-
sinous substances by distillation; from benzoin,
storax, and balsam of Tolu, It is distinguished
from the other acids by its aromatic odour, and by
its extreme volatility.
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Malic acid may be obtained from the juice of
apples, barberries, plums, elderberries, currants,
strawberries, and raspberries. It forms a soluble
salt with lime; and is easily distinguished by this
test from the acids already named.

Acetic acid, or vinegar, may be obtained from
the sap of different trees. It is distinguished from
malic acid by its peculiar odour; and from the
other vegetable acids by forming soluble salts with
the alkalies and earths.

Gallic acid may be obtained by gently and gra-
dually heating powdered gall-nuts, and receiving
the volatile matter in a cool vessel. A number of
white crystals will appear, which are distinguished
by their property of rendering solutions of iron
deep purple.

The vegetable prussic acid is procured by dis-
tilling laurel leaves, or the kernels of the peach,
and cherry, or bitter almonds. It is characterised
by its property of forming a blueish green preci-
pitate, when a little alkali is added to it, and it is
poured into solutions containing iron. It is very
analogous in its properties to the prussic acid ob-
tained from animal substances; or by passing am-
monia over heated charcoal; but this last body
forms, with the red oxide of iron, the deep bright
blue substance called Prussian blue.

Some other vegetable acids have been found in
the products of plants; the morolyxic acid in a
saline exudation from the white mulberry tree, and
the kinic acid in a salt afforded by Peruvian bark ;
but these two bodies have as yet been discovered in

H 4 ’
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no other cases. 'The igasuric acid is so named by
its discoverers, M M. Pelletier and Caventou: and
the boletic, nanceic, fungic, and ellagic acids, have
been described by M. Braconnot; but their pro-
perties are too little interesting to the agriculturist
to insert a description in this place. The phos-
phoric acid is found free in the onion; and the
phosphoric, sulphuric, muriatic, and nitric acids,
exist in many saline compounds in the vegetable
kingdom ; but they cannot with propriety be con-
sidered as vegetable products. Other acids are
produced during the combustion of vegetable com-
pounds, or by the action of nitric acid upon them ;
they are the camphoric acid, the mucous or sac-
lactic acid, and the suberic acid ; the first of which
is procured from camphor; the sccond from gum
or mucilage; and the third from cork, by the
action of nitric acid.

From the experiments that have been made upon
the vegetable acids, it appears that all of them,
except the prussic acid, are constituted by different
proportions of carbon, hydrogen, and oxygen:
the prussic acid consists of carbon, azote, and hy-
drogen, with a little oxygen. The gallic acid
contains more carbon than any of the other vege-
table acids.

The following estimates of the composition of
some of the vegetable acids have been made by
Gay Lussac and Thenard : —

100 parts of oxalic acid contain:
Carbon - - 26-566
Hydrogen - 2745
Oxygen - - 70689
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100 parts of tartaric acid contain :

Carbon . - 24-050

Hydrogen - 6-629

Oxygen - - 69-321
Ditto citric acid :

Carbon - 33-811

Hydrogen - 6330 .

Oxygen - 59859
100" parts of acetic acid :

Carbon - 50224

Hydrogen - 5629

Oxygen - 44147
Ditto mucous or saclactic acid :

Carbon - 33:69

Hydrogen - 362

Oxygen - 62-69

These estimations agree nearly with the follow.
ing definite proportions. In oxalic acid, 7 propor-
tions of carbon, 8 of hydrogen, and 15 oxygen;
in tartaric acid, 8 carbon, 28 hydrogen, 18 oxy-
gen; in citric acid, 8 carbon, 6 hydrogen, 4
oxygen; in acetic acid, 18 carbon, 22 hydrogen,
12 oxygen; in mucous acid, 6 carbon, 7 hydro-
gen, 8 oxygen.

The applications of the vegetable acids are well
known. The acetic and citric acids are extensively
used. The agreeable taste and wholesomeness of
various vegetable substances used as food, mate-
rially depend upon the vegetable acid they contain.

19. It is uncertain whether ammonia or the vola-
tile alkali exists ready formed in plants: but it is
evolved from many of them by the action of lime
or fixed alkali, assisted by a gentle heat ; though it
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may be always imagined to be generated during
the process by the combination of azote and carbon.
The ingenious researches of M. Serturner, followed
by those of other chemists, have made us acquainted
with the alkaline properties of several compound
vegetable substances, which were not suspected to
belong to this class of bodies, such as morphina,
strychnina, brucina, picrotoxina, delphina* ; these
compounds, which are found respectively in opium,
nux vomica, Brucea antidysenterica, cocculus indi-
cus, and Delphinium Staphisagria, agree with al-
kalies in their effects upon vegetable colours, and
in combining with acids, into peculiar neutro-
saline compounds. They form the narcotic or
poisonous principles of the plants in which they
are found, and probably many more of them will
be discovered. They are not very interesting to
the agriculturist, except in this point of view,
that possibly many noxious vegetable substances may
be rendered uscful as the food of cattle, by extract-
ing their noxious principles by means of acids;
and this is a subject well worthy of experimental
investigation.

Fixed alkali may be obtained in aqueous solution
from most plants by burning them, and treating
the ashes with quick-lime and water. The vege-
table alkali, or potassa, is the common alkali in
the vegetable kingdom. This substance, in its pure
state, is white and semi-transparent, requiring a

* Many more have since been discovered, as codeia, narceia,
aricina, &c.  All the compounds of this class are composed of
carbon, hydrogen, azote, and oxygen.— J. D.
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strong heat for its fusion, and possessed of a highly
caustic taste. In the matter usually called pure
potassa by chemists, it exists, combined with water :
and in that commonly called pearl-ashes, or pot-
ashes in commerce, it is combined with a small
quantity of carbonic acid. Potassa in its uncom-
bined state, as has been mentioned, page 49., con-
sists of the highly inflammable metal potassium and
oxygen, one proportion of each.

Soda, or the mineral alkali, is found in some
plants that grow near the sea; and is obtained
combined with water, or carbonic acid in the
same manner as potassa; and consists, as has been
stated, page 50., of one proportion of sodium,
and two proportions of oxygen. In its properties
it is very similar to potassa; but it may be easily
distinguished from it by this character; it forms a
hard soap with oil : potassa forms a soft soap.

Pearl ashes, and barilla and kelp, or the impure
soda obtained from the ashes of marine plants, are
very valuable in commerce, principally on account
of their uses in the manufacture of glass and soap.
Glass is made from fixed alkali, flint, and certain
metallic substances.

To know whether a vegetable yields alkali, it
should be burnt, and the ashes washed with a small
quantity of water. If the water, after being for
some time exposed to the air, reddens paper tinged
with turmeric, or renders vegetable blues green,
it contains alkali.

To ascertain the relative quantities of pot-ashes
afforded by different plants, equal weights of them
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should be burnt: the ashes washed in twice their
volume of water: the washings should be passed
through blotting paper, and evaporated to dryness.
The relative weights of the salt obtained will indi-
cate very nearly the relative quantities of alkali
they contain,

The value of marine plants in producing soda
may be estimated *in the same manner, with suffi-
cient correctness for all commercial purposes.

Herbs, in general, furnish four or five times, and
shrubs two or three times, as much pot-ashes as
trees. The leaves produce more than the branches,
and the branches more than the trunk. Vegetables
burnt in a green state produce more ashes than in
a dry state.

The following table* contains a statement of the
quantity of pot-ashes afforded by some common
trees and plants: —

10,000 parts of Oak - - 15
Elm - - 89
Beech - - 12
Vine - - 55
Poplar - 7
Thistle - 58
Fern - - 62
Cow Thistle - 196
Wormwood - 730
Vetches - 275
Beans - - 200
Fumitory - 760

*°It is founded upon the experiments of Kirwan, Vaugquelin,
and Pertuis.
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The earths found in plants are four; silica or
the earth of flints, alumina or pure clay, lime, and
magnesia. They are procured by incineration,
The lime is usually combined with carbonic acid.
This substance and silica, are much more common
in the vegetable kingdom than magnesia, and mag-
nesia more common than alumina. The earths
form a principal part of the matter insoluble in
water, afforded by the ashes of plants. The silica
is known by not being dissolved by acids ; the cal-
careous earth, unless the ashes have been very
intensely ignited, dissolves with effervescence in
muriatic acid. Magnesia forms a soluble and
crystallisable salt, and lime a difficultly soluble one
with sulphuric acid. Alumina is distinguished from
the other earths by being acted upon very slowly
by acids; and in forming salts very soluble in
water, and difficult of crystallisation with them.

The earths appear to be compounds of the pe-
culiar metals mentioned page 50. and oxygen,
one proportion of each.

The earths afforded by plants, are applied to no
uses of common life ; and there are few cases in
which the knowledge of their nature can be of
importance, or afford interest to the farmer.

'The only metallic ozides found in plants, are
those of iron and manganesum: they are detected
in the ashes of plants; but in very minute quan-
tities only. When the ashes of plants are reddish
brown, they abound in oxides of iron. When
black or purple, in oxide of manganesum; when
these colours are mixed, they contain both sub-
stances.
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The saline compounds contained in plants, or
afforded by their incineration, are very various.
The sulphuric acid combined with potassd, or sul-
phate of potassa, is one of the most usual. Com-
mon salt is likewise very often found in the ashes
of plants; likewise phosphate of lime, which is
insoluble in water, but soluble in muriatic acid.
Compounds of the nitric, muriatic, sulphuric, and
phosphoric acids, with alkalies' and earths, exist in
the sap of many plants, or are afforded by their
evaporation and incineration. The salts of potassa
are distinguished from those of soda by their pro-
ducing a precipitate in solutions of platina: those
of lime are characterized by the cloudiness they
occasion in solutions containing oxalic acid; those
of magnesia, by being rendered cloudy by solutions
of ammonia. Sulphuric acid is detected in salts by
the dense white precipitate it forms in solutions of
baryta. Mauriatic acid by the cloudiness it commu-
nicates to solution of nitrate of silver; and when salts
contain nitric acid, they produce scintillations by
being thrown upon burning coals.

As no applications have been made of any of
the neutral salts or analogous compounds found
in plants, in a separate state, it will be useless to
describe them individually. The following tables
are given from M. Th. de Saussure’s Researches
on Vegetation, and contain results obtained by
that philosopher. They exhibit the quantities of
soluble salts, metallic oxides, and earths afforded by
the ashes of different plants : —
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Constituents of 100 parts of Ashes.

. . ”
g. g g; gl .| & | ¢ ]
HRLEHEE i
NN AR RER RN
Names of Plants. 2 gl & 2 4] & °
g a g < Rt = .3
S~ B 18R] 3 n | R

[ SRR E

| g5 |82 3 ] P

! g% g .

)

f 1 Leaves of oak ( QuercusRo-

i | bur), Maylo . 13 | 53 7145 || 47 | 24 012 3 0°64| 25-24
2| Ditto, Sept. 27 24 | 55 549 | 17 18-25| 23 145 | 175|255
3 Wood of young oak May

o |=—1 4] —| 26 285 | 12:25| 0-12) 1 32:58
4 Bark of ditto . —_— 160 | = 7 45 | 6325| 0°25| 1-75| 22475
5/Entire wood of oak col—] 2| —| 986 | 45 |32 2 225 | 2065,
6/ Alburnum of ditto R R R 24 11 745 2 23+5
7|Bark of ditto . o | =160 =1 7 3 66 15 2 215
8 Cortical layers of ditto —_ 78— 7 35| 65 05 1 22475
9|Extract of wood of ditto — 1 61 | — || 51
10Soll from wood of ditto — 41| =] 2¢ 105 | 10 32 14 8+5
11 Extract from ditto — 111 I — || 66
12| Leaves of the poplar (Po-
pulus nigra), May 26 23 | 66 (652 || 36 13 29 5 125| 15475
13/ Ditto, Sept. 12 . 41 | 93 |565 || 26 7 36 115 1'5 118

14/Wood of ditto, Sept. 12 — | 8|2 | — |1675|27 33 | 15 | 245

15| Bark of ditto —_| 72| — 6 53 | 60 4 1'5 | 232

16|Leaves of hazel (Corg/lus

Avellana), May 1 61 | — || 26 233 | 22 25 | 1'5 | 247
17| Ditto, washed in cold wa-
ter . e | —] 5T - 82 | 195 |41l 4 2 222

18| Leaves of ditto, June 22 28 | 62 1655 || 2227 | 14 29 113 145 | 215

19| Ditto, Sept. 20 . | 8170|557 || 11 12 3 22 2 17

20| Wood of ditto, May 1 — | 5| —| 245 | 83 8 025 0412] 82:2

21|Bark of ditto . — 62— 125 | 55 |51 025| 175] 26

22 Entire wood of mu]berry

(Morus nigra)y Nove .« | ==| 7| —| 21 2:25| 56 0+12| 0+25| 2088
23| AlBurnum of ditto — | 18| — || 26 2725 | 24 1 0:25| 215
24|Bark of ditto . t | — |89 —1|| 7 85 | 45 15.25| 1412|2318
25| Cortical layers of ditto — 88| — |10 |16 |48 o1g| 1 2438
26| Entire wood of hornbeam

( Carpinus Betulus), Nov. 4| 6346 || 22 23 26 0412 225 2663
27| Alburnum of ditto . 4| 71890 | 18 36 15 1 1 29
28| Bark of ditto . 88 (134 (346 || 45 | 45 | 59 15 0121 3038
29/Wood of horse chesnut

(&sculus  Hippocasta-

num), May 10 o | ={85 =1 95
30 Leaves of ditto, May 10 16 | 72 |782 || 50
31\ Leaves of ditto, July 28 29 | 84 1652 || 24
32| Ditto, Sept. 27 31 | 86 (630 || 135
33| Flowers of ditto, May 10 9|71 873 || 50
34/ Fruit of ditto, October 5 12 | 34 [647 || 82 | 12 — | 05| 025] 525




112

Constituents of 100 parts of Ashes.

£g é.
TR FEERE !
. ]
S LEAERR %
=g/ |= § _§ El g (<]
Names of Plants. EX| S 88l 2 | & | O | B | &
ELl 5 £ 2 O O e
] ] = 3
g5 " 5F) % | % |3 :
; 35 =S Q| A "
35  Plants of peas (Pisum sati- | — | 95 | — || 49:8 | 1725 6 2'3 1 24:65
vum), in flower .
36| Plants of peas (Pisum sati- | — | 81 | — || 84-25| 22 14 11 25 | 17-2¢
vum), in flower, ripe
37 Plants of vetches (Vicia
Faba), before ﬂowermg, 16 {150 895 || 55°5 | 145 | 35 | 15 | 05 | 24°5(
Mﬂy 23 . 20 (122 |876 || 555 | 18°5 412 15 05 | 24:3¢
38, Ditto, in flower, June 23 — | 66| — || 50 177751 4 175 05 | 26
39, Dltto, ripe, July 23 — 115 | — || 42 5:75| 36 175| 1 129
40 Ditto, seeds separated — | 83 | — || 6928 27:92| = - 05 28
41:Seeds of ditto .
42 Ditto, in flower, raisedin | — | 39 | — || 601 | 30 — —_ 05 | 94
distilled water . .
48 Solidago vulgaris, before | — [ 92| — |l 67-5 | 10°75| 15 | 1'5 | 075|182
flowering, May 1 .

Ditto, justin flower, July | — | 57 | — | 59 59 15 15 | 075 21
44| 15 f — | 50 | — || 48 i1 17:25] 85 15 | 187
45| Ditto, seeds ripe, Sept. 20
46 Plants of turnsol (Helian-

thus annuus), a month
before flowering, June
23 — 147 | — | 63 67 11°56| 15 0:12| 166

47 Ditto, in flower, July 23 13 (187 877 | 61 6 125 | 15 | 0-12] 187

48 Ditto, bearing ripe seeds,

’ Sept. 20 . 23 |93 153 || 55| 225 | 4 | 875 o5 |17
49 Wheat ( Triticum aatwum,)

‘ in flower — | — | =1 43-25] 1275| 0-25| 82 05 | 122

0 Ditto, seeds ripe — =11 15 025 54 1 187
5 l'Dnto, a month before flow- .

, ering - |79 — | 60 115 |» 025|125 0°25( 15°5
52'Dmo, in ﬂower, June 14 16 | 54 699 || 41 10°75| 025 26 05 | 215
53 Ditto, seeds ripe — 83| —| 10 1175| 0-25| 51 075 23
54 Straw of wheat . — | 48 } — | 225 62 1 615 1 78
55 Seeds of ditto o | = |13 | — ] 4716 44°5 —_ 05 025| 7+
56lBran . — | 52| — | 416|465 | — 05 | 025 8+
157, Plants of maize (ZeaMay:),

amonthbeforeflowering,

June 23 . . =122 | — | 69 575] 025 15 0:25| 17+
58| Ditto, in flower July 23 — 81 | — 1l 69 6 025| 75 | 02517
59‘ Ditto, seeds ripe .l — 46
'60, Stalks of ditto . — | 84| — | 7245| 5 1 18 05 8«
'61/Spikes of ditto ., o =116
62|Seeds of ditto f — |10} —| 62 86 — 1 0124 0
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Constituents of 100 parts of Ashes.
£ .
T TR
Bl .lgk 2| 3|32 g
gY el€s 3 | 3 2 |
SReld = £ 5 8¢S
Namesof Plants. |82/ 8 |E2| 2 | & | S | 5 | & | 3
8 B s 2 > S 3
g7 55| 4 3 | 3 3
25 £ R R
53|Chaff of barley (Hordeum :
vulgare) — | 42 | — | 20 75| 125 | 87 05 225
64/Seeds of ditto — | 18| — | 29 825 | — |[855 | 025| 28
65| Ditto —_— — | — || 22 22 —_ 21 012 2988
66|0ats . - | 8] | — 1 24 — | 60 025 1475
37|Leaves othododcndronﬁr—
rugineum, raisedon Jura,
a lime-stone mountum,
June 20 . — 80| —|[ 23 14 43:25] 075 8°-25| 15°63
68| Leaves of Rhododendron fer-
rugineum, raised on Bre-
ven, a granitic mountain,
| June 27 — | 25 | — |l 21'1 | 16°75]| 16°75| 2 5'77| 81°52
69 Branches of ditto, June 20 — | 8|=—1225 |10 39 05 | 54 | 2248
70|Spikes of ditto, June 27 : 8| — | 24 11'5 | 29 1 11 24°5
171 Leaves of fir ( Pinus 4bies),
raised on Jura, June 20 | — | 29 | — | 16 12:27) 485 | 25 16 | 24'18
12| Ditto, raised on Breven,
June 27 . — — || 15 12 29 19 55 | 195
78| Branches of pine, June 20 — 20} 15 l
74| Whortleberry ( Vaccinium 15 !
Myrtillus), raised on J u- !
ra, Aug. 29 — 26| — |l 17 18 42 05 31219 38 -
75| Ditto, raised on Breven — |22 —)2¢ |22 |2 5 | 95| 175 l

Besides the principles, the nature of which has
*been just discussed, others have been described
by chemists as belonging to the vegetable king-
dom : thus a substance, somewhat analogous to the
muscular fibre of animals, has been detected by
Vauquelin in the papaw; and a matter similar to
animal gelatine, by Braconnot, in the mushroom;
ulmin* and emetine, sarcocol, nicotine, olivile,

.

* Ulmin, in relation to agricultural chemistry, would appear,
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asparagine, inulin, and other bodies, are generally
described in systematic writers on chemistry as spe-
cific compounds; but it is likely that few of these
bodies will retain their places as definite combin-
ations: their existence, likewise, is extremely
limited, and in this place it would be improper to
dwell upon peculiarities ; my object being to offer
such general views of the constitution of vegetables
as may be of use to the agriculturist. It is proba-
ble, from the taste of sarcocol, that it is gum com-
bined with a little sugar. Inulin is so analogous
to starch, that it may be a variety of that principle.
If slight differences in chemical and physical pro-
perties be considered as sufficient to establish a
difference in the species of vegetable substances,
the catalogue of them might be enlarged to almost
any extent. No two compounds procured from
different vegetables are precisely alike ; and there
are even differences in the qualities of the same
compound, according to the time in which it has
been collected, and the manner in which it has
been prepared. The great use of classification in
science is to assist the memory, and it ought to be
founded upon the similarity of properties which
are distinct, characteristic, and invariable.

The analysis of any substance, containing mix-
tures of the different vegetable principles, may be
made, in such a manner as is necessary for the

importance. It is of a dark colour, almost black; nearly insolu-
ble in water, having some of the properties of an acid ; readily
combining with alkalies and the alkaline earths, with which it
forms soluble compounds. It is an ingredient of peat and vege-

table mould, and may be considered as a natural manure, —
J.n.
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views of the agriculturist, with facility. A given
quantity, say 200 grains, of the substance should
be powdered, made into a paste or mass, with a
small quantity of water, and kneaded in the hands,
or rubbed in a mortar for some time under cold
water : if it contain much gluten, that principle
will separate in a coherent mass. After this pro-
cess, whether it has afforded gluten or not, it
should be kept in contact with half a pint of cold
water for three or four hours, being occasionally
rubbed or agitated ; the solid matter should be se-
parated from the fluid by means of blotting paper.
The fluid should be gradually heated ; if any flakes
appear, they are to be separated by the same means
as the solid matter in the last process, i. e. by fil-
tration. The fluid is then to be evaporated to
dryness. The matter obtained is to be examined
by applying moist paper, tinged with red cabbage
juice, or violet juice, to it; if the paper become
red, it contains acid matter ; if it become green,
alkaline matter; and the nature of the acid or
alkaline matter may be known by applying the tests
described page 102. 107. 109. If the solid matter
be sweet to the taste, it must be supposed to con-
tain sugar ; if bitterish, bitter principle, or extract;
if astringent, tannin : and if it be nearly insipid, it
must be principally gum or mucilage. To separate
gum or mucilage from the other principles, alco-
hol must be boiled upon the solid matter, which
will dissolve the sugar and the extract, and leave
the mucilage; the weight of which may be ascer-
tained.

To separate sugar and extract,’ the aleohol must

12
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be evaporated till crystals begin to fall down, which
are sugar ; but they will generally be coloured by
some extract, and can only be purified by repeated
solutions in alcohol. Extract may be separated
from sugar by dissolving the solid, obtained by
evaporation from alcohol, in a small quantity of
water, and boiling it for a long while in contact
with the air. The extract will gradually fall down
in the form of an insoluble powder, and the sugar
will remain in solution.

If tannin exist in the first solution made by cold
water, its separation is easily effected by the pro-
cess described page 84. T he solution of isinglass
must be gradually added, to prevent the existence
of an excess of animal jelly in the solution, which
might be mistaken for mucilage.

When the vegetable substance, the subject of
experiment, will afford no more principles to cold
water, it must be exposed to boiling water. ‘This
will unite to starch, if there be any, and may like-
wise take up more sugar, extract, and tannin, pro-
vided they be intimately combined with the other
principles of the compound.

The mode of separating starch is similar to that
of separating mucilage.

If after the action of hot water any thing remain,
the action of boiling alcohol is then to be tried.
This will dissolve resinous matter; the quantity of
which may be known by evaporating the alcohol.

The last agent that may be applied is ether,
which dissolves elastic gum, though the application
is scarcely ever necessary ; for if this principle be
present, it may be easily detected by its peculiar
aualities.
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If any fixed oil or wax exist in the vegetable
substance, it will separate during the process of
boiling in water, and may be collected. Any sub-
stance not acted upon by water, alcohol, or ether,
must be regarded as woody fibre.

If volatile oils exist in any vegetable substances,
it is evident they may be procured, and their quan-
tity ascertained, by distillation.

When the quantity of fixed saline, alkaline, me-
tallic, or earthy matter in any vegetable compound
is to be ascertained, the compound must be decom-
posed by heat, by exposing it, if a fixed substance,
in a crucible, to a long continued red heat; and
if a volatile substance, by passing it through an
ignited porcelain tube. The nature of the matter
so produced may be learnt by applying the tests
mentioned in Lecture IV.

The only analyses in which the agricultural che-
mist can often wish to occupy himself, are those of
substances containing principally starch, sugar, glu-
ten, oils, mucilage, albumen, and tannin.

The two following statements will afford an idea
of the manner in which the results of experiments
may be arranged.

. The first is a statement of the composition of
ripe peas, deduced from experiments made by
Einhof; the second is of the products afforded
by oak bark, deduced from experiments conducted
by myself.

Parts.

8840 parts of ripe peas afford of starch - 1265

Fibrous matter analogous to starch, 840
with the coats of the peas }
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A substance analogous to gluten

Mucilage - - - 249
Saccharine matter - - - 81
Albumen - - - - 66
Volatile matter - - - 540
Earthy phosphates - - - 11
Loss - - - - 229

1000 parts of dry oak bark, from a small tree
deprived of epidermis, contain,

Of Woody Fibre - - - 876
— Tannin - - - - 57
— Extract - - - - 81
— Mucilage - - - 18

evaporation, probably a mixture of
albumen and extract - -
— Loss, partly saline matter - - 29

— Matter rendered insoluble during}
9

To ascertain the primary elements of the differ-
ent vegetable principles, and the proportions in
which they are combined, different methods of
analysis have been adopted. The most simple
are their decomposition by heat, or their form-
ation into new products by combustion.

When any vegetable principle is acted on by
a strong red heat, its elements become newly ar-
ranged. Such of them as are volatile are expelled
in the gaseous form ; and are either condensed as
fluids, or remain permanently elastic. The fixed
remainder is either carbonaceous, earthy, saline,
alkaline, or metallic matter.

To make correct experiments on the decompos-
ition of vegetable substances by heat, requires a
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complicated apparatus, much time and labour, and
all the resources of the philosophical chemist ; but
such results as are useful to the agriculturist may
be easily obtained. The apparatus necessary, is a
green glass retort, attached by cement to a re-
ceiver, connected with a tube passing under an in-
verted jar of known capacity, filled with water.*
A given weight of the substance is to be heated to
redness, in the retort over a charcoal fire ; the re-
ceiver is to be kept cool, and the process continued
as long as any elastic matter is generated. The
condensible fluids will collect in the receiver, and
the fixed residuum will be found in the retort. The
fluid products of the distillation of vegetable sub-
stances are principally water, with some acetous
and mucous acids, and empyreumatic oil, or tar,
and in some cases ammonia. The gases are car-
bonic acid gas, carbonic oxide, and carburetted
hydrogen ; sometimes with olefiant gas, and hydro-
gen; and sometimes, but more rarely, with azote.
Carbonic acid is the only one of those gases rapidly
absorbed by water ; the rest are inflammable ; ole-
fiant gas burns with a bright white light; carbu-
retted hydrogen with a light like wax ; carbonic
oxide with a feeble blue flame. The properties of
hydrogen and azote have been described in the
last Lecture. The specific gravity of carbonic acid
gas, is to that of air as 20-7, to 18+, and it con-
sists of one proportion of carbon 11+4, and two of
oxygen 80. The specific gravity of gaseous oxide
of carbon, is, taking the same standard, 13'2, and

* See Fig. 14.

- A
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it consists of one proportion of carbon, and one of
oxygen.

The specific gravities of carburetted hydrogen
and olefiant gas, are respectively 8 and 13; both
contain four proportions of hydrogen; the first
contains one proportion, the second two propor-
tions of carbon.

If the weight of the carbonaceous residuum be
added to the weight of the fluids condensed in the
receiver, and they be subtracted from the whole
weight of the substance, the remainder will be the
weight of the gaseous matter.

The acetous and mucous acids, and the ammo-
nia formed, are usually in very small quantities ; and
by comparing the proportions of water and charcoal
with the quantity of the gases, taking into account
their qualities, a general idea may be formed of the
composition of the substance. 'The proportions of
the elements in the greater number of the vege-
table substances which can be used as food, have
been already ascertained by philosophical chemists,
and have been stated in the preceding pages ; the
analysis by distillation, may, however, in some cases,
be useful in estimating the powers of manures, in a
manner that will be explained in a future Lecture.

The statements of the composition of vegetable
substances, quoted from MM. Gay Lussac and
Thenard, were obtained by these philosophers by
exposing the substances to the action of heated
chlorate of potassa; a body that consists of potas-
sium, chlorine, and oxygen; and which afforded
oxygen to the carbon and the hydrogen. Their
experiments were made in a peculiar apparatus,
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and required great caution, and were of a very
delicate nature. It will not therefore be necessary
to enter upon any details of them.

It is evident from the whole tenor of the state-
ments which have been made, that the most es.-
sential vegetable substances consist of hydrogen,
carbon, and oxygen in different proportions, gene-
rally alone, but in some few cases combined with
azote. The acids, alkalies, earths, metallic oxides,
and saline compounds, though necessary in the
vegetable economy, must be considered as of less
importance, particularly in their relation to agricul-
ture, than the other principles; and as it appears
from M. de Saussure’s table, and from other ex-
periments, they differ in the same species of ve-
getable when it is raised on different soils.

MM. Gay Lussac and Thenard have deduced
three propositions, which they have called laws,
from their experiments on vegetable substances.
The first is, ¢« That a vegetable substance is always
acid whenever the oxygen it contains is to the
hydrogen in a greater proportion than in water.”

The third, « That a vegetable substanceis neither
acid nor resinous, but is either saccharine or muci-
laginous, or analogous to woody fibre or starch,
whenever the oxygen and hydrogen in it are in
the same proportions as in water.”

The second, ¢ That a vegetable substance is
always resinous, or oily or spirituous, whenever it
contains oxygen in a smaller proportion to the
hydrogen than exists in water.”

New experiments upon other vegetable sub-
stances, besides those examined by MM. Gay
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Lussac and Thenard, are required before these in-
teresting conclusions can be fully admitted. Their
researches establish, however, the close analogy be-
tween several vegetable compounds differing in
their sensible qualities, and combined with those of
other chemists, offer simple explanations of several
processes in nature and art, by which different
vegetable substances are converted into each other,
or changed into new compounds.

Gum and sugar, excluding the different propor-
tions of water they may contain, afford nearly the
same elements by analysis; and starch differs from
them only in containing a little more carbon. The
peculiar properties of gum and sugar must depend
chiefly upon the different arrangement, or degree
of condensation of their elements; and it would
be natural to conceive, from the composition of
these bodies, as well as that of starch, that all three
would be easily convertible one into the other;
which is actually the case.

At the time of the ripening of corn, the sac-
charine matter in the grain, and that carried from
the sap vessels into the grain, become coagulated,
probably simply by losing water, and form starch.
And in the process of malting, the converse change
occurs. The starch of grain is converted into
sugar. As there is a little absorption of oxygen,
and a formation of carbonic acid in this case, it is
likely that the starch loses a little carbon, which
combines with the oxygen to form carbonic acid ;
and probably the oxygen tends to acidify the
gluten of the grain, and thus breaks down the

texture of the starch ; gives a new arrangement to
its plemente and rondarc i¢ calithla in wwatas
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Mr. Cruikshank, by exposing syrup to a sub-
stance named phosphuret of lime, which has a great
tendency to decompose water, converted a part of
the sugar into a matter analogous to mucilage.
And M. Kirchhoff; recently, has converted starch
into sugar by a very simple process, that of
boiling in very diluted sulphuric acid.* The pro-
portions are 100 parts of starch, 400 parts of
water, and 1 part of sulphuric acid by weight.
This mixture is to be kept boiling for 40 hours;
the loss of water by evaporation being supplied by
new quantities. The acid is to be neutralized by
lime ; and the sugar crystallized by cooling. This
experiment has been tried with success by many
persons. Sir C. Tuthill, from a pound and a half
of potatoe starch, procured a pound and a quarter
of crystalline, brown sugar; which he conceives
possessed properties intermediate between cane-
sugar, and grape-sugar.

It is probable, from the experiments of M. Theo-
dore de Saussure, that the conversion of starch
into sugar, in this experiment, is effected merely
by its combination with water ; for his experiments
prove that the acid is not decomposed, and that no
elastic matter is set free, and that the sugar weighs
more than the starch from which it is formed :

* Some kinds of vinegar, especially those made from sugar,
are converted into an insoluble substance resembling lignin, or
the principle of the woody fibre, by exposure to the atmosphere.
This I have witnessed in many instances; the new substance,
which is like lignin, forms on the surface of the vinegar, and

leaves a dense strong crust, occasionally in appearance not unlike
th~ huffr annt af hined TD
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probably the colour of the sugar, is owing to the
disengagement, or new combination of a little
carbon, the slight excess of which, as has been just
stated, constitutes the only difference (independent
of the different quantities of water they may
contain) perceptible by analysis between sugar and
starch.

M. Bouillon la Grange, by slightly roasting
starch, has rendered it soluble in cold water; and
the solution evaporated afforded a substance,
having the characters of mucilage. And by ex-
periments similar to those of M. Kirchhoff, M.
Braconnot has lately shown that saccharine and
mucilaginous substances may be procured from
various forms of woody fibre; and I have seen
specimens of soft sugar made from linen rags.

Gluten and albumen differ from the other ve-
getable products, principally by containing azote.
When gluten is kept long in water, it undergoes
fermentation ; ammonia (which contains its azote)
is given off with acetic acid; and a fatty matter
and a substance analogous to woody fibre remain.

Extract, tannin, and gallic acid, when their
solutions are long exposed to air, deposit a matter
similar to woody fibre; and the solid substances
are rendered analogous to woody fibre, by slight
roasting ; and in these cases it is probable that
part of their oxygen and hydrogen is separated as
water.

All the other vegetable principles differ from the
vegetable acids in containing more hydrogen and
carbon, or less oxygen ; many of them, therefore,
are easily converted into vegetable acids by a mere
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subtraction of some proportions of hydrogen. The
vegetable acids, for the most part, are convertible
into each other by easy processes. The oxalic
contains most oxygen; the acetic the least: and
this last substance is easily formed by the distil-
lation of other vegetable substances, or by the
action of the atmosphere on such of them as are
soluble in water; probably by the mere com-
bination of oxygen with hydrogen and carbon, or
in some cases by the subtraction of a portion of
hydrogen.

Alcohol, or spirits of wine, has been often men-
tioned in the course of these Lectures. This sub-
stance was not described amongst the vegetable
principles, because it has never been found ready
formed in the organs of plants. It is procured by
a change in the principles of saccharine matter, in
a process called vinous fermentation.

The expressed juice of the grape contains sugar,
mucilage, gluten, and some saline matter, princi-
pally composed of tartaric acid : when this juice,
or must, as it is commonly called, is exposed to the
temperature of about 70°, the fermentation begins;
it becomes thick and turbid; its temperature in-
creases, and carbonic acid gas is disengaged in
abundance. In a few days the fermentation ceases;
the solid matter that rendered the juice turbid falls
to the bottom, and it clears ; the sweet taste of the
fluid is in great measure destroyed, and it is become
spirituous.

Fabroni has shown that the gluten in must is
essential to fermentation; and that chemist has
made saccharine matter ferment, by adding to its
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solution in water, common vegetable gluten and
tartaric acid. Gay Lussac has demonstrated that
must will not ferment when freed from air by
boiling, and placed out of the contact of oxygen ;
but that fermentation begins as soon as it is ex-
posed to the oxygen of air, a little of that principle
being absorbed ; and that it then continues inde-
pendent of the presence of the atmosphere.*

In the manufacture of ale and porter, the sugar
formed during the germination of barley is made
to ferment by dissolving it in water with a little
yeast, which contains gluten in the state proper for
producing fermentation, and exposing it to the re-
quisite temperature ; carbonic acid gas is given off
as in the fermentation of must, and the liquor gra-
dually becomes spirituous.

Similar phenomena occur in the fermentation of
the sugar in the juice of apples and other ripe fruits.
It appears that fermentation depends entirely upon
a new arrangement of the elements of sugar; part
of the carbon uniting to oxygen to form carbonic
acid, and the remaining carbon, hydrogen, and
oxygen combining as alcohol; and the use of the
gluten or yeast, and the primary exposure to air,
seems to be to occasion the formation of a certain
quantity of carbonic acid; and this change being
once produced is continued; its agency may be
compared to that of a spark in producing the

* Farther experiments appear to be required on this sub-
ject. I have not found the fermentation of must prevented
either by immersing in it phosphorus in a close vessel, or by
ggitgting it, in contact with a minute portion of nitrous gas,—
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inflammation of gunpowder; the increase of tem-
perature occasioned by the formation of one quan.
tity of carbonic acid occasions the combination of
the elements of another quantity.

From the experiments of M. Theodore de Saus-
sure it appears that alcohol is composed of 100
parts of olefiant (or percarburetted hydrogen gas),
and of 63:58 water, or oxygen and hydrogen in the
proportions necessary to form water.

Alcohol, in its purest known form, is a highly
inflammable liquid, of specific gravity 796, at the
temperature of 60°; it boils at about 170° Fahren-
heit. This alcohol is obtained by repeated distil-
lation of the strongest common spirit from the salt
called by chemists muriate of lime, it having been
previously heated ied hot.

The strongest alcohol obtained by the distillation
of spirit without salts has seldom a less specific
gravity than 825 at 60°; and it contains, according
to Lowitz’s experiments, 89 parts of the alcohol of
796, and 11 parts of water. The spirit established
as proof spirit by act of parliament passed in 1762
ought to have the specific gravity of 916 ; and this
contains nearly equal weights of pure alcohol and
water.

The alcohol in fermented liquors is in combin-
ation with water, colouring matter, sugar, mucilage,
and the vegetable acids. It has been often doubted
whether it can be procured by any other process
than distillation; and some persons have even
supposed that it is formed by distillation. The
experiments of Mr. Brande ate conclusive against
both these opinions. That gentleman has shown
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that the colouring and acid matter in wines may be,
for the most part, separated in a solid form by the
action of a solution of sugar of lead (acetate of
lead), and that the alcohol may be then obtained
by abstracting the water by means of hydrate of
potassa or muriate of lime, without artificial heat.

The intoxicating powers of fermented liquors
depend on the alcohol that they contain ; but their
action on the stomach is modified by the acid,
saccharine, or mucilaginous substances they hold
in solution. Alcohol probably acts with most effi-
cacy when it is most loosely combined; and its
energy seems to be impaired by union with large
quantities of water, or with sugar or acid, or ex-
tractive matter.

The table in the following page contains the re-
sults of Mr. Brande’s experiments on the quantity
of alcohol of 825 at 60°, in different fermented
liquors.

The spirits distilled from different fermented
liquors differ in their flavour: for peculiar odorous
matter, or volatile oils, rise in most cases with the
alcohol. The spirit from malt usually has an em-
pyreumatic taste like that of the oil, formed by
the distillation of vegetable substances. The best
brandies seem to owe their flavour to a peculiar
oily matter, formed probably by the action of the
tartaric acid on alcohol ; and rum derives its cha-
racteristic taste from a principle in the sugar cane.
All the common spirits may, I find, be deprived of
their peculiar flavour by repeatedly digesting them
with a mixture of well-burnt charcoaland quicklime ;
they then afford pure alcohol by distillation. The
cognac brandies, I find, contain vegetable prussic
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s ) Eroertn
3 cohol, . of Alcohol
Wine. percent. by Wine. per cent. by
measure. measure.
Port . 19°00 Frontignac . 1279
Ditto . . 2140 Coti Roti . . 12:32
Ditto . . 2230 Rousillon . . 17'26
Ditto . . 2339 Ditto . . . 1900
Ditto . .. 2371 Cape Madeira . 1811
Ditto . 24-29 Ditto . . 20°50
Ditto . . 2583 Ditto . . 2294
Average . . 22:96 Cape Muscat . 1825
Madeira . 1924 White Constantia . 1975
Ditto (Sercial) 2140 Red Constantia 1892
Ditto . 2393 Tent . . 13'30
Ditto . 24-42 Sheraaz . . 1552
Average . 2227 Syracuse . . 15°28
Sherry . 1825 ice . 14763
Ditto . . 1879 Tokay . 9'88
Ditto 1981 Lissa . . 2647
Ditto 1983 Ditto . 24-35
Average . 1917 Teneriffe . 1979
Claret . 1291 Colares . . 1975
Ditto 14-08 Lachryma Christi . 1970
Ditto . 16:32 Vidonia . . 1925
Ditto . 1711 Alba flora . 1726
Average . . 15°10 Zante 1705
Calcavella . 18:10 Lunel . 15°52
Ditto . . 1920 Sautern . . 14-22
Lisbon . . 18:94 Barsac . . 13:86
Malaga 1726 Raisin Wine . . 2577
Ditto . 18-94 Ditto . 2640
Bucellas . . 1849 Ditto . . 2320
Red Madeira 18-40 Orange Wine . 1126
Ditto . . 2230 Grape Wine . 18°11
Malmsley Madeira . 16°40 Currant Wine . 2055
, Marsala . . 2505 Gooseberry Wine . 11-84.
Ditto . . 2603 Elder Wine . 879
Red Champagne 11-30 Mead . 7°32
Ditto . . 12°56 Cyder . 9'87
White Champagne . 12:80 Ditto . 521
Still Champagne 13-80 Perry . . 7°26
Burgundy 14°53 Brown Stout . 680
Ditto . 1195 Ale (Burton) . 888
Ditto 15-22 Edinburgh . 620
Ditto . 16°80 Dorchester . 5°56
‘White Hermitage 1743 London Porter . 4°20
Red Hermitage 12:32 Small Beer . 128
Hock . 14°37 Brandy . 58'39
Ditto 1300 Rum . . 5368
1 Ditto . 888 Hollands . 5160
Vin de Grave 12-80 Scotch Whiskey . 54°32
Ditto 1394 Irish Whiskey . 5390
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acid, and their flavour may be imitated by adding to
a solution of alcohol in Water of the same strength,
a few drops of the ethereal oil of wine produced
during the formation of ether*, and a similar quan-
tity of vegetable prussic acid procured from laurel
leaves or any bitter kernels.

I have mentioned ether in the course of this
Lecture; this substance is procured from alcohol
by distilling a mixture of equal parts of alcohol and
sulphuric acid. It is the lightest known liquid sub-
stance, being of specific gravity 632 at 60°. It is
very volatile and rises in vapour, even by the heat
of the body. It is highly inflammable. In the
formation of ether it is most probable, from the ex-
periments of M. de Saussure, that the elements of
water merely are separated from the alcohol by the
sulphuric acid, and that ether differs from alcohol
in containing a larger proportion of carbon and
hydrogen. Like alcohol, it possesses intoxicating
powers.

A number of the changes taking place in the
vegetable principles depend upon the separation of
oxygen and hydrogen as water from the com-
pound ; but there is one of very great importance,
in which a new combination of the elements of.
water is the principal operation. This is in the
manufacture of bread. When any kind of flour,
which consists principally of starch; is made into a
paste with water, and immediately and gradually

* In the process of the distillation of alcohol and sulphuric
acid after the ether is procured; by a higher degree of heat, a
yellow fluid is produced ; which is the substance in question. It
has a fragrant smell and an agreeable taste.
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heated to about 440°, it increases in weight, and is -
found entirely altered in its properties; it has lost

its solubility in water, and its power of being dn-

verted into sugar. In this state it is unleavened

bread. -

When the flour of corn or the starch of potatoes,
mixed with boiled potatoes, is made into a paste
with water, kept warm, and suffered to remain 80
or 40 hours, it ferments, carbonic acid gas is dis-
engaged from it, and it becomes filled with globules
of elastic fluid. In this state it is raised dough,
and affords, by baking, leavened bread; but this
bread is sour and disagreeable to the taste; and
leavened bread for use is made by mixing a little
dough, that has fermented, with new dough, and
kneading them together, or by kneading the bread
with a small quantity of yeast.

In the formation of wheaten bread more than }
of the elements of water combine with the flour;
more water is consolidated in the formation of
bread from barley, and still more in that from oats ;-
but the gluten in wheat, being in much larger
quantiiy than in other grain, seems to form a com-
bination with the starch and water, which renders
wheaten bread more digestible than the other spe-
cies of bread.*

* In the process of the conversion of flour into bread, it has
lately been ascertained that alcohol is formed as well as carbonic
acid; thus approaching the panary fermentation (as the raising
of bread has been sometimes called), to the vinous. But the
proportion of alcohol produced appears to be small. What the
changes effected are have not yet been thoroughly investigated,
especially of the gluten.— J. D.

x 2
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The arrangement of many of the vegetable prin-
ciples in the different parts of plants has been in-
cidentally mentioned in this Lecture ; but a more
particular statement is required to afford just views
of the relation between their organization and
chemical constitution, which is an object of great
importance. The tubes and hexagonal cells in the
vascular system of plants are composed of woody
fibre ; and when they are not filled with fluid mat-
ter they contain some of the solid materials which
formed a constituent part of the fluids belonging
to them.

In the roots, trunk, and branches, the bark,
alburnum, and heart-wood, the leaves and flowers ;
the great basis of the solid parts is woody fibre. It
forms by far the greatest part of the heart-wood
and bark; there is less in the alburnum, and still
less in the leaves and flowers. The alburnum of
the birch contains so much sugar and mucilage,
that it is sometimes used in the north of Europe
as a substitute for bread. The leaves of the cab-
bage, broccoli, and seacale, contain much mucilage,
a little saccharine matter, and a little albumen.
From 1000 parts of the leaves of common cabbage
I obtained 41 parts of mucilage, 24 of sugar, ard
8 of albuminous matter.

In bulbous roots, and sometimes in common
roots, a large quantity of starch, albumen, and mu-
cilage are often found deposited in the vessels;
and they are most abundant after the sap has ceased
to flow; and afford a nourishment for the early
shoots made in spring. The potatoe is the bulb that
contains the largest quantity of soluble matter in its
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cells and vessels; and it is of most importance in
its application as food. Potatoes in general afford
from # to % their weight of dry starch. From 100
parts of the common Kidney potatoe, Dr. Pearson
obtained from 82 to 28 parts of meal, which con-
tained from 28 to 20 of starch and mucilage: and
100 parts of the Apple potatoe in various experi-
ments, afforded me from 18 to 20 parts of pure
starch. From five pounds of the variety of the
potatoe called Captain hart, Mr. Skrimshire, jun.
obtained 12 oz. of starch, from the same quantity
of the Rough red potatoe 10} oz., from the Mowlton
white 114, from the Yorskhire kidney 104 oz., from
Hundred eyes 9 oz., from Purple red 8%, from Oz
noble 8}. The other soluble substances in the
potatoe are albumen and mucilage.

From the analysis of Einhoff'it appears that 7680
parts of potatoe afford,

Of Starch - - - 1158

— Fibrous matter analogous to starch 540

— Albumen - - - 107

— Mucilage in the state of a saturated }

; 312
solution - - -

. 2122
So that a fourth part of the weight of the potatoe
at least may be considered as nutritive matter.
Mr. Knight informs me, that he has found the best
potatoes, such as the Irish apple, to possess much
greater specific gravity than the inferior varieties;
the specific gravity varying from 1075 to 1100,
and it is probable that their nutritive properties are
nearly proportionate to their specific-gravities.
K 3
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The turnip, carrot, and parsnep, afford princi-
pally saccharine, mucilaginous, and extractive
matter. I obtained from 1000 parts of common
turnips 7 parts of mucilage, 34 of saccharine mat-
ter, and nearly 1 part of albumen. 1000 parts of
carrots furnished 95 parts of sugar, 3 parts of
mucilage, and } part of extract; 1000 parts of
parsnep afforded 90 parts of saccharine matter,
and 9 parts of mucilage. The Walcheren or white
carrot, gave, in 1000 parts, 98 parts of sugar, 2
parts of mucilage, and 1 of extract.

Fruits, in the organization of their soft parts,
approach to the nature of bulbs. They contain a
certain quantity of nourishment laid up in their
cells for the use of the embryon plant; mucilage,
sugar, starch, are found in many of them often
combined with vegetable acids. Most of the fruit
trees common in Britain have been naturalized on
account of the saccharine matter they contain,
which, united to the vegetable acids and mucilage,
renders them at once agreeable to the taste, and
nutritive.

The value of fruits for the manufacture of fer-
mented liquors may be judged of from the specific
gravity of their expressed juices; but the quantity of
juice and the consistence of the pulp differ widely
in different species of fruits, and therefore the spe-
cific gravity of the fruit will not always indicate
the value of its fermented produce. The best cyder
and perry are made from those apples and pears
that afford the densest juices; and a comparison
between different fruits may be made with tolerable
accuracy by plunging them together into a saturated
solution of salt, or a strong solution of sugar;
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those that sink deepest will afford the richest
juice.*

Starch or coagulated mucilage forms the greatest
part of the seeds and grains used for food ; and
they are generally combined with gluten, oil, or
albuminous matter. In corn, with gluten; in peas
and beans, with albuminous matter; and in rape-
seed, hemp seed, linseed, and the kernels of most
nuts, with oils.

I found 100 parts of good full-grained wheat
sown in autumn, to afford

Of Starch - - 77

— Gluten - - 19
100 parts of wheat sown in spring,

Of Starch - - 70

— Gluten - - 24
100 parts of Barbary wheat,

Of Starch - - 74

— Gluten - . 23
100 parts of Sicilian wheat,

Of Starch - - 75

— Gluten - - 21

I have examined different specimens of North
American wheat ; all of them have contained rather
more gluten than the British. In general, the
wheat of warm climates abounds more in gluten,
and in insoluble parts ; and it is of greater specific
gravity, harder, and more difficult to grind.

* The specific gravity of the expressed juice of the water
melon, the most succulent of fruits, exceeds very little that of
distilled water. One specimen of water melon, which I examined
in Malta, yielded 97 parts of water, and 8 of solid matter, prin-
cipally saccharine and mucilaginous, — J.'D.

X 4
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* The wheat of the south of Europe, in conse-
quence of the larger quantity of gluten it contains,
is peculiarly fitted for making macaroni, and other
preparations of flour, in which a glutinous quality
is considered as an excellence.

In some experiments made on barley, I obtained
from 100 parts of full and fair Norfolk barley,

Of Starch - - - - 79
— Gluten - - - - 6
— Husk - - - . 8

The remaining 7 parts saccharine matter. The
sugar in barley is probably the chief cause why
it is more proper for malting than any other species
of grain.

Einhoff has published a minute analysis of barley
meal. He found in 3840 parts,

Of volatile matter - - - 860
— Albumen - - - 44
— Saccharine matter - - 200
— Mucilage - - - 176
— Phosphate of lime, with some albumen 9
— Gluten - - - 185

— Husk, with some gluten and starch 260

— Starch not quite free from gluten - 2580

— Loss - - - - 78

Rye afforded to Einhoff, in 3840 parts, 2520
meal, 930 husk, and 390 moisture ; and the same
quantity of meal analysed gave,

Of Starch - - - 2345
— Albumen - - - 116
— Mucilage - - - 426
— Saccharine matter - - 126
— Gluten not dried - - 364

Remainder husk and loss.



187

I obtained from 1000 parts of rye, grown in
Suffolk, 61 parts of starch, and 5 parts of gluten.

100 parts of oats, from Sussex, afforded me 59
parts of starch, 6 of gluten, and 2 of saccharine
matter.

1000 parts of peas, grown in Norfolk, afforded
me 501 parts of starch, 22 parts of saccharine
matter, 35 parts of albuminous matter, and 16
parts of extract, which became insoluble during
evaporation of the saccharine fluid.

From 8840 parts of marsh beans (Vicia faba),
Einhoff obtained,

Of Starch - - - 1312

— Albumen - - - 31

— other matters which may be con-

ceived nutritive ; such as gummy,
starchy, fibrous atter analogous
to animal matter - - -

The same quantity of kidney beans (Phaseolus
vulgaris), afforded,

Of matter analogous to starch - 1805

— Albumen and matter approaching } 851

to animal matter in its nature -

— Mucilage - - - 799

From 38840 parts of lentiles, he obtained 1260
parts of starch, and 1433 of a matter analogous to
animal matter.

The matter analogous to animal matter is de-
scribed by Einhoff, as a glutinous substance in-
soluble in water ; soluble in alcohol; when dry,
having the appearance of glue ; probably a peculiar
modification of gluten.

From 16 parts of hemp seed, Bucholz obtained

1204
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3 parts of oil, 33 parts of albumen, about 13 of
saccharine and gummy matter. The insoluble
husks and coats of the seeds weighed 6} parts.

The different parts of flowers contain different
substances: the pollen, or impregnating dust of the
date, has been found by Fourcroy and Vauquelin
to contain a matter analogous to gluten, and a
soluble extract abounding in malic acid. Link
found in the pollen of the hazel-tree, much tannin
and gluten.

Saccharine matter is found in the nectarium of
flowers, or the receptacles within the corolla, and
by tempting the larger insects into the flowers, it
renders the work of impregnation more secure ;
for the pollen is often by their means applied to
the stigma ; and this is particularly the case when
the male and female organs are in different flowers
or different plants.

It has been stated, that the fragrance of flowers
depends upon the volatile oils they contain; and
these oils, by their constant evaporation, surround
the flower with a kind of odorous atmosphere ;
which, at the same time that it entices larger
insects, may probably preserve the parts of fructi-
fication from the ravages of smaller ones. Volatile
oils, or odorous substances, seem particularly de-
structive to these minute insects and animalcules
which feed on the substance of vegetables; thou-
sands of aphides may be usually seen in the stalk
and leaves of the rose ; but none of them are ever
observed on the flower. Camphor is used to pre-
serve the collections of naturalists. The woods that
contain aromatic oils are remarked for their in-
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destructibility ; and for their exemption from the
attacks of insects : this is particularly the case with
the cedar, rose-wood, and cypress. The gates of
Constantinople, which were made of this last wood,
stood entire from the time of Constantine, their
founder, to that of Pope Eugene IV., a period of
1100 years.

The petals of many flowers afford saccharine
and mucilaginous matter. The white lily yields
mucilage abundantly; and the orange lily a mix-
ture of mucilage and sugar; the petals of the
convolvulus afford sugar, mucilage, and albumi-
nous matter.

The chemical nature of the colouring matters
of flowers has not as yet been subject to any very
accurate observation. These colouring matters,
in general, are very transient, particularly the
blues and reds; alkalies change the colours of
most flowers to green, and acids to red. An imi-
tation of the colouring 'matter may be made by
digesting solutions of gall-nuts with chalk : a green
fluid is obtained, which becomes red by the action
of an acid; and has its green colour restored by
means of alkalies.

The yellow colouring matters of flowers are the
most permanent; the carthamus contains a red
and a yellow colouring matter ; the yellow colour-
ing matter is easily dissolved by water, and from
the red, rouge is prepared by a process which is
kept secret.

The same substances as exist in the solid parts
of plants are found in their fluids, with the ex-
ception of woody fibre. Fixed and volatile oils,
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containing resin or camphor, or analogous sub-
stances in solution, exist in the cylindrical tubes
belonging to a number of plants. Different species
of Euphorbia emit a milky juice, which when
exposed to air deposits a substance analogous to
starch, and another similar to gluten.

Opium, gum elastic, gamboge, the poisons of
the Upas Antiar and Tieute, and other substances
that exude from plants, may be considered as pe-
culiar juices belonging to appropriate vessels.

The sap of plants, in general, is very compound
in its nature; and contains more saccharine, mu-
cilaginous, and albuminous matter in the albur-
nura; and most tannin and extract in the bark.
The cambium, which is the mucilaginous fluid
found in trees between the wood and the bark,
and which is essential to the formation of new
parts, seems to be derived from these two kinds
of sap; and probably is a combination of the mu-
cilaginous and albuminous matter of one, with
the astringent matter of the other, in a state fitted
to become organized by the separation of its
watery parts.

The alburnous saps of some trees have been
chemically examined by Vauquelin. He found
in those of the elm, beech, yoke elm, hornbeam,
and birch, extractive and mucilaginous matter, and
acetic acid combined with potassa or lime. The
solid matter afforded by their evaporation yielded
an ammoniacal smell, probably owing to albumen :
the sap of the birch afforded saccharine matter.

Deyeux in the sap of the vine and the yoke elm
has detected a matter analogous to the curd of
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milk. I found a substance similar to albumen in
the sap of the walnut tree.

I found the juice which exudes from the vessels
of the marshmallow when cut, to be a solution of
mucilage.

The fluids contained in the sap vessels of wheat
and barley, afforded in some experiments which I
made on them, mucilage, sugar, and a matter which
coagulated by heat ; which last was most abundant
in wheat.

The following table contains a statement of the
quantity of soluble or nutritive matters existing
in varieties of the different substances that have
been mentioned, and of some others which are
used as articles of food, either for man or cattle.
The analyses are my own; and were conducted
with a view to a knowledge of the general nature
and quantity of the products, and not of their
intimate chemical composition. The soluble mat-
ters afforded by the grasses, except that from the
fiorin in winter, were obtained by Mr. Sinclair,
gardener to the Duke of Bedford, from given
weights of the grasses cut when the seeds were
ripe; they were sent to me by his Grace’s desire
for chemical examination, and form part of the
results of an important and extensive series of
experiments on grasses made by direction of the
Duke, at Woburn Abbey, when pursuing those
plans for the improvement of agriculture, the
origin of which have thrown so much glory on the
memory of his illustrious brother.
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Table of the Quantities of soluble or nutrittve Matters
afforded by 1000 Parts of different vegetable Sub-

stances.
Extract
Q Whole . or matter
uantity ol . Saccharine rendered
Vegeusbl:;:t:;cvee.geuble i solul{lg or Mggrlag: OF| matter or i}gm;’ insoluble
nutritive Sugar. |° *| during
matter, evapor-
ation.
Middlesex wheat, average
crop - - 955 765 —_— 190
Spring wheat .- 940 700 —_ 240
Mildewed wheat of 1806 210 178 —_ 32
Blighted wheat of 1804 650 520 - 130
Thick-skinned  Sicilian
wheat of 1810 - 955 725 -— 230
Thin-skinned Sicilian
wheat of 1810 - 961 722 —_— 239
Wheat from Poland - 950 750 — 200
North American wheat - 955 780 — 225
Norfolk barley - - 920 790 70 60
Oats from Scotland - 743 641 15 87
Rye from Yorkshire - 792 645 38 109
' Common bean - - 570 426 — 103 41
Dry peas - - - ; 574 501 22 35 16
rom 260 | [ from 200 | ( from 20| [ from 40
Potatoes - “[lto200 [Lto155 [{to15 || tos0
Linseed cake - - 151 123 11 17
Red beet - - - 148 14 121 13
‘White heet - - 136 13 119 4
Parsnip - - 99 9 90
Carrots - - - 98 3 95
Common turnips - 42 7 34 1
Swedish turnips - 64 9 51 2 2
Cabbage - - 73 41 24 8
Broad-leaved clover - 39 31 s 2 3
Loug-rooted clover - 39 30 4 3 2
White clover - - 32 29 1 3 5
Sainfoin - - 39 28 2 3 6
Lucerne - - 28 18 1 —_ 4
Meadow fox-tail grass - 33 24 8 —_ 6
Perennial rye grass - 39 26 4 - 5
Fertile meadow grass - 78 65 6 —_ 7
Roughish meadow grass 39 29 5 - 6
Crested dog’s-tail grass 85 28 3 — 4
Spiked fescue grass - 19 15 2 — 2
Sweet-scented soft grass 82 72 4 —_ 6
Sweet-scented vernal
grass - - . 50 43 1 - 3
Fiorin - - - 54 46 5 1 2
Fiorin cut in winter . 76 64 8 1 8
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All these substances were submitted to experi-
ment green, and in their natural states. It is pro-
bable that the excellence of the different articles,
as food, will be found to be in a great measure
proportional to the quantities of soluble or nutri-
tive matters they afford ; but still these quantities
cannot be regarded as absolutely denoting their
value. Albuminous or glutinous matters have the
characters of animal substances; sugar is more
nourishing, and extractive matter less nourishing,
than any other principles composed of carbon,
hydrogen, and oxygen. Certain combinations like-
wise of these substances may be more nutritive
than others.

I have been informed by Sir Joseph Banks, that
the Derbyshire miners, in winter, prefer oat.cakes
to wheaten bread ; finding that this kind of nou-
rishment enables them to support their strength
and perform their labour better. In summer, they
say oat-cake heats them, and they then consume
the finest wheaten bread they can procure. Even
the skin of the kernel of oats probably has a nou-
rishing power, and is rendered partly soluble in the
stomach with the starch and gluten. In most
countries of Europe, except Britain, and in Arabia,
horses are fed with corn of different kinds, mixed
with chopped straw; and the chopped straw seems
to act the same part as the husk of the oat. In the
mill 141bs. of good wheat yield on an average 131bs.
of flour; the same quantity of barley 121bs., and
of oats only 81bs.

In the south of Europe, hard or thin-skinned
wheat is in higher estimation, than soft or thick-
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skinned wheat; the reason of which is obvious,
from the larger quantity of gluten and nutritive
matter it contains. I have made an analysis of
only one specimen of thin-skinned wheat, so that
other specimens may possibly contain more nu-
tritive matter than that in the table; the Barbary
and Sicilian wheats, before referred to, were thick-
skinned wheats. In England, the difficulty of
grinding thin-skinned wheat is an objection; but
this difficulty is easily overcome by moistening the
corn.*

* For the following note on this subject I am indebted to the
kindness of the Right Hon. Sir Joseph Banks, Bart. K. B.:—

Information received from John Jeffrey, Esq., his Majesty's
Consul-General at Lisbon, in Answer to Queries transmitted
to kim, from the Comm. of P.C. for Trade, dated Jan.12.
1812.

To grind hard corn with the mill-stones used in England, the
wheat must be well screened, then sprinkled with water at the
miller’s discretion, and laid in heaps and frequently turned and
thoroughly mixed, which will soften the husk, so as to make it
separate from the flour in grinding, and of course give the flour
a brighter colour; otherwise the flinty quality of the wheat,
and the thinness of the skin, will prevent its separation, and will
render the flour unfit for making into bread.

I am informed by a miller of considerable experience, and
who works his mills entirely with the stones from England or
Ireland, that he frequently prepares the hard Barbary corn by
immersing it in water in close wicker baskets, and spreading it
thinly on a floor to dry; much depends on the judgment and
skill of the miller in preparing the corn for the mill according to
its relative quality. I beg to observe, that it is not from this
previous process of wetting the corn that the weight in the flour
of hard corn is increased; but from its natural quality it im-
bibes considerably more water in making it into bread. The
mill-stones must not be cut too deep, but the furrows very fine,
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and picked in the usual way. The mills should work with less
velocity in grinding hard corn than with soft, and set to work at
first with soft corn, till the mill ceases to work well; then put
on the hard corn. Hard wheat always sells at a higher price in
the market than soft wheat, on an average of ten to fifteen per
cent.; as it produces more flour in proportion, and less bran than
the soft corn.

Flour made from hard wheat is more esteemed than what is
made from soft corn; and both sorts are applied to every pur-
pose.

The flour of hard wheat is in general superior to that made
from soft ; and there is no difference in the process of making
them into bread; but the flour from hard wheat will imbibe
and retain more water in making into bread, and will conse-
quently produce more weight of bread: it is the practice here,
and which I am persuaded it would be advisable to adopt in
England, to make bread with flour of hard and soft wheat,
which by being mixed, will make the bread much better.

(Signed)  JOHN JEFFREY.
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LECTURE 1V.

ON SOILS: THEIR CONSTITUENT PARTS. ON THE ANA-
LYSIS OF SOILS. OF THE USES OF THE SOIL. OF
THE ROCKS AND STRATA FOUND BENEATH SOILS. OF
THE IMPROVEMENT OF SOIL.

No subjects are of more importance to the farmer
than the nature and improvement of soils ; and no
parts of the doctrines of agriculture are more ca-
pable of being illustrated by chemical inquiries.

Soils are extremely diversified in appearance and
quality ; yet, as it was stated in the Introductory
Lecture, they consist of different proportions of
the same elements; which are in various states of
chemical combination, or mechanical mixture.

The substances which constitute soils have been
already mentioned. They are certain compounds
of the earths, silica, lime, alumina, magnesia, and
of the oxides of iron and manganesum ; animal and
vegetable matters in a decomposing state, and
saline, acid, or alkaline combinations.

In all chemical experiments on the composition
of soils connected with agriculture, the constituent
parts obtained are compounds; and they act as
compounds in nature: it is in this state, therefore,
that I shall describe their characteristic properties.

1. Silica, or the earth of flints, in its pure and
crystallized form, is the substance known by the
name of rock crystal, or Cornish diamond. As
it is procured by chemists, it appears in the form
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of a white impalpable powder. It is not soluble
in the common acids, but dissolves by heat in
fixed alkaline lixivia. It is an incombustible sub-
stance, for it is saturated with oxygen. I have
proved it to be a compound of oxygen and the
peculiar combustible body which I have named
silicum ; and from the experiments of Berzelius,
it is probable that it contains nearly equal weights
of these two elements.*

2. The sensible properties of lime are well
known. It exists in soils usually united to car-
bonic acid, which is easily disengaged from it by
the attraction of the common acids. It is some-
times found combined with the phosphoric and
sulphuric acids. Its chemical properties and agen-
cies in its pure state will be described in the
Lecture on manures obtained from the mineral
kingdom. It is soluble in nitric and muriatic
acids, and forms a substance with sulphuric acid
difficult of solution, called gypsum. It is not
soluble in alkaline solutions. It consists of one
proportion 40 of the peculiar metallic substance,
which I have named calcium ; and one proportion
15 of oxygen.

8. Alumina exists in a pure and crystallized
state in the white sapphire, and united to a little
oxide of iron and silica in the other oriental gems.
In the state in which it is procured by chemists,
it appears as a white powder, soluble in acids and
fixed alkaline liquors. From my experiments, it

* According to the later experiments of Berzelius, silica
consists of 48-4 inflammable basis, and of 516 oxygen. — J. D.
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To form a just idea of soils, it is necessary to
conceive different rocks decomposed, or ground
into parts and powder of different degrees of fine-
ness, some of their soluble parts dissolved by water,
and that water adhering to the mass, and the whole
mixed with larger or smaller quantities of the re-
mains of vegetables and animals in different stages
of decay.

It will be necessary to describe the processes by
which all the varieties of soils may be analysed.
I shall be minute in these particulars, and, I fear,
tedious; but the philosophical farmer will, I trust,
feel the propriety of full details on this subject.

The instruments required for the analysis of
soils are few, and but little expensive. ~They are,
a balance capable of containing a quarter of a
pound of common soil, and capable of turning
when loaded with a grain; a set of weights from
a quarter of a pound troy to a grain; a wire sieve,
sufficiently coarse to admit a mustard seed through
its apertures; an Argand lamp and stand; some
glass bottles; Hessian crucibles ; porcelain, or
queen’s ware evaporating basins; a Wedgewood
pestle and mortar; some filters made of half' a
sheet of blotting paper, folded so as to contain a:
pint of liquid, and greased at the edges; a bone
knife, and an apparatus for collecting and measur-
ing aériform fluids.

The chemical substances or re-agents required
for separating the constituent parts of the soil,
have, for the most part, been mentioned before ;
they are muriatic acid (spirit of salt), sulphuric
acid, pure volatile alkali dissolved in water, solu-
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ammonia, soap lye, or solution of potassa, solutions
of carbonate of ammonia, of muriate of ammonia,
of neutral carbonate of potash, and nitrate of am-
moniac.

In cases when the general nature of the soil of
a field is to be ascertained, specimens of it should
be taken from different places, two or three inches
below the surface, and examined as to the similarity
of their properties. It sometimes happens, that
upon plains the whole of the upper stratum of the
land is of the same kind, and in this case one
analysis will be sufficient; but in vallies, and near
the beds of rivers, there are very great differences,
and it now and then occurs that one part of a field
is calcareous, and another part siliceous; and in
this case, and in analogous cases, the portions
different from each other should be separately
submitted to experiment.

Soils, when collected, if they cannot be imme-
diately examined, should be preserved in phials
quite filled with them, and closed with ground-glass
stoppers.

The quantity of soil most convenient for a per-
fect analysis, is from two to four hundred grains.
It should be collected in dry weather, and ex-
posed to the atmosphere till it becomes dry to the
touch.

The specific gravity of a soil, or the relation of
its weight to that of water, may be ascertained by
introducing into a phial, which will contain a
known quantity of water, equal volumes of water
and of soil; and this may be easily done by pour-

L 4
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ing in water till it is half full, and then adding
the soil till the fluid rises to the mouth; the dif-
ference between the weight of the soil and that
of the water will give the result.* Thus, if the
bottle contains four hundred grains of water, and
gains two hundred grains when half filled with
water and half with soil, the specific gravity of the
soil will be 2; that is, it will be twice as heavy as
water; and if it gained 165 grains, its specific
gravity would be 1825, water being 1000.

It is of importance that the specific gravity of
a soil should be known, as it affords an indication
of the quantity of animal and vegetable matter it
contains; these substances being always most
abundant in the lighter soils.

The other physical properties of soils should like-
wise be examined before the analysis is made, as
they denote, to a certain extent, their composition,
and serve as guides in directing the experiments.
Thus, siliceous soils are generally rough to the
touch, and scratch glass when rubbed upon it;
ferruginous soils are of a red or yellow colour;
and calcareous soils are soft.

1. Soils, though as dry as they can be made by
continued exposure to air, in all cases still contain
a considerable quantity of water, which adheres
with great obstinacy to the earths and animal and
vegetable matter, and can only be driven off from
them by a considerable degree of heat. The first

* It may be more accurately and easily accomplished by
weighing it in air and in water in a light phial carefully coun-
terpoised. — J. D.

+ Clay soils, breathed on, emit a peculiar odour, called the
earthy. — J. D.



process of analysis is, to free the given weight of
soil from as much of this water as possible, without
in other respects affecting its composition ; and
this may be done by heating it for ten or twelve
minutes over an Argand’s lamp, in a basin of porce-
lain, to a temperature equal to 300 Fahrenheit ;
and if a thermometer is not used, the proper degree
may be easily ascertained, by keeping a piece of
wood in contact with the bottom of the dish; as
long as the colour of the wood remains unaltered,
the heat is not too high ; but when the wood begins
to be charred, the process must be stopped. A
small quantity of water will, perhaps, remain in
the soil even after this operation, but it always
affords useful comparative results; and if a higher
temperature were employed, the vegetable or
animal matter would undergo decomposition, and
in consequence the experiment be wholly un-
satisfactory.

The loss of weight in the process should be
carefully noted, and when in 400 grains of soil it
reaches as high as 50, the soil may be considered
as in the greatest degree absorbent, and retentive
of water, and will generally be found to contain
much vegetable or animal matter, or a large pro-
portion of aluminous earth. When the loss is
only from 20 to 10, the land may be considered
as only slightly absorbent and retentive, and sili-
ceous earth probably forms the greatest part of it.

2. None of the loose stones, gravel, or large
vegetable fibres, should be divided from the pure
soil till after the water is drawn off; for these
bodies are themselves often highly absorbent and
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retentive, and, in consequence, influence the fer-
tility of the land. The next process, however,
after that of heating, should be their separation,
which may be easily accomplished by the sieve,
after the soil has been gently bruised in a mortar.
The weights of the vegetable fibres or wood, and
of the gravel and stones, should be separately noted
down, and the nature of the last ascertained; if
calcareous, they will effervesce with acids; if sili-
ceous, they will be sufficiently hard to scratch
glass; and if of the common aluminous class of
stones, they will be soft, easily cut with a knife,
and incapable of effervescing with acids.

3. The greater number of soils, besides gravel
and stones, contain larger or smaller proportions
of sand of different degrees of fineness; and it is
a necessary operation, the next in the process of
analysis, to detach them from the parts in a state
of more minute division, such as clay, loam, marle,
vegetable and animal matter, and the matter solu-
ble in water. This may be effected in a way suf-
ficiently accurate, by boiling the soil in three or
four times its weight of water; and when the tex-
ture of the soil is broken down, and the water
cool, by agitating the parts together, and then.
suffering them to rest. In this case, the coarse
sand will generally separate in a minute, and the
finer in two or three minutes, whilst the highly-
divided earthy, animal, or vegetable matter, will
remain in a state of mechanical suspension for a
much longer time; so that by pouring the water
from the bottom of the vessel, after one, two, or
three minutes, the sand will be principally separ.
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ated from the other substances, which, with the
water containing them, must be poured into a
filter, and after the water has passed through, col-
lected, dried, and weighed. The sand must like-
wise be weighed, and the respective quantities
noted down. The water of lixiviation must be pre-
served, as it will be found to contain the saline and
soluble animal or vegetable matters, if any exist in
the soil.

4. By the process of washing and filtration, the
soil is separated into two portions, the most import-
ant of which is generally the finely-divided matter.
A minute analysis of the sand is seldom or never
necessary, and its nature may be detected in the
same manner as that of the stones or gravel. It is
always either siliceous sand, or calcareous sand,
or a mixture of both. If it consist wholly of car-
bonate of lime, it will be rapidly soluble in muria-
tic acid, with effervescence ; but if it consist partly
of this substance, and partly of siliceous matter,
the respective quantities may be ascertained by
weighing the residuum after the action of the
acid, which must be applied till the mixture has
acquired a sour taste, and has ceased to effervesce.

*This residuum is the siliceous part; it must be
washed, dried, and heated strongly in a crucible ;
the difference between the weight of it and the
weight of the whole indicates the proportion of
calcareous sand.

5. The finely-divided matter of the soil is usually
very compound in its nature ; it sometimes contains
all the four primitive earths of soils, as well as ani-
mal and vegetable matter; and to ascertain the
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proportions of these with tolerable accuracy is the
most difficult part of the subject.

The first process to be performed in this part of
the analysis is the exposure of the fine matter of
the soil to the action of muriatic acid. This sub-
stance should be poured upon the earthy matter
in an evaporating basin, in a quantity equal to
twice the weight of the earthy matter ; but diluted
with double its volume of water. The mixture
should be often stirred, and suffered to remain for
an hour, or an hour and a half, before it is ex-
amined.

If any carbonate of lime or of magnesia exist in
the soil, they will have been dissolved in this time
by the acid, which sometimes takes up likewise
a little oxide of iron; but very seldom any
alumina.

The fluid should be passed through a filter; the
solid matter collected, washed with rain water,
dried at a moderate heat, and weighed. Its loss
will denote the quantity of solid matter taken up.
The washings must be added to the solution, which,
if not sour to the taste, must be made so by the
addition of fresh acid, when a little solution of
prussiate of potassa and iron must be mixed with.
the whole. If a blue precipitate occurs, it denotes
the presence of oxide of iron, and the solution of
the prussiate must be dropped in till no farther
effect is produced. To ascertain its quantity, it
must be collected in the same manner as other
solid precipitates, and heated red; the result is
oxide of iron, which may be mixed with a little
oxide of manganesum.
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Into the fluid freed from oxide of iron, a solu-
tion of neutralized carbonate of potash must be
poured, till all effervescence ceases in it, and till its
taste and smell indicate a considerable excess of
alkaline salt.

The precipitate that falls down is carbonate of
lime; it must be collected on the filter, and dried
at a heat below that of redness.

The remaining fluid must be boiled for a quarter
of an hour, when the magnesia, if any exist, will
be precipitated from it, combined with carbonic
acid, and its quantity is to be ascertained in the
same manner as that of the carbonate of lime.

If any minute proportion of alumina should,
from peculiar circumstances, be dissolved by the
acid, it will be found in the precipitate with the
carbonate of lime, and it may be separated from
it by boiling it for a few minutes with soap lye,
sufficient to cover the solid matter: this substance
dissolves alumina, without acting upon carbonate
of lime.

Should the finely-divided soil be sufficiently cal-
careous to effervesce very strongly with acids, a
very simple method may be adopted for ascertain-
ing the quantity of carbonate of lime, and one suf-
ficiently accurate in aH common cases.

Carbonate of lime, in all its states, contains a
determinate proportion of carbonic acid, i. e. nearly
48 per cent.,, so that when the quantity of this
elastic fluid given out by any soil during the solu-
tion of its calcareous matter in an acid is known,
either in weight or measure, the quantity of car-
bonate of lime may be easily discovered.
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When the process by diminution of weight is
employed, two parts of the acid and one part of the
matter of the soil must be weighed in two separate
bottles, and very slowly mixed together till the
effervescence ceases : the difference between their
weight before and after the experiment denotes
the quantity of carbonic acid lost; for every four
grains and a quarter of which, ten grains of car-
bonate of lime must be estimated.

The best method of collecting the carbonic acid,
80 as to discover its volume, is by a peculiar pneu-
matic apparatus*, in which its bulk may be mea-
sured by the quantity of water it displaces.

6. After the calcareous parts of the soil have
been acted upon by muriatic acid, the next pro-
cess is to ascertain the quantity of finely-divided

* Fig. 15. A, B, C, D, represent the different parts of this
apparatus. A represents the bottle for receiving the soil. B
the bottle containing the acid, furnished with a stop-cock, C the
tube connected with a flaccid bladder. D the graduated mea-
sure. E the bottle for containing the bladder. When this in-
strument is used, a given quantity of soil is introduced into A.
B is filled with muriatic acid diluted with an equal quantity of
water ; and the stop-cock being closed, is connected with the
upper orifice of A, which is ground to receive it. The tube D is
introduced into the lower orifice of A, and the bladder connected
with it placed in its flaccid state into E, which is filled with
water. The graduated measure is placed under the tube of E.
When the stop-cock of B. is turned, the acid flows into A, and
acts upon the soil ; the elastic fluid generated passes through C
into the bladder, and displaces a quantity of water in E equal to
it in bulk, and this water flows through the tube into the gra-
duated measure ; -and gives by its volume the indication of the
proportion of carbonic acid disengaged from the soil; tor every
ounce measure of which two grains of carbonate of lime may be
estimated.
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insoluble animal and vegetable matter that it con-
tains.

This may be done with sufficient precision, by
strongly igniting it in a crucible over a common
fire till no blackness remains in the mass. It should
be often stirred with a metallic rod, so as to expose
new surfaces continually to the air: the loss of
weight that it undergoes denotes the quantity of
the substance that it contains destructible by fire
and air.*

It is not possible, without very refined and dif-
ficult experiments, to ascertain whether this sub-
stance is wholly animal or vegetable matter, or a
mixture of both. When the smell emitted during
the incineration is similar to that of burnt feathers,
it is a certain indication of some substance either
animal or analogous to animal matter; and a co-
pious blue flame at the time of ignition almost
always denotes a considerable proportion of vege-
table matter. In cases when it is necessary that
the experiment should be very quickly performed,
the destruction of the decomposable substances
may be assisted by the agency of nitrate of ammo-
niac, which at the time of ignition may be thrown
*gradually upon the heated mass, in the quantity of
twenty grains for every hundred of residual soil.

* When the soil is aluminous, part of the loss in the above
process will be owing to water driven off. Pure hydrate of
alumina contains about 58 per cent. water; the whole of which
can only be expelled by a white heat. On this account the
ascertaining with any accuracy the proportion of animal and
vegetable matter in a soil is difficult, and requires much chemi-
cal skill. — J. D.
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It accelerates the dissipation of the animal and
vegetable matter, which it causes to be converted
into elastic fluids; and it is itself at the same time
decomposed and lost.

7. The substances remaining after the destruc-
tion of the vegetable and animal matter are gene-
rally minute particles of earthy matter, containing
usually alumina and silica, with combined oxide of
iron, or of manganesum.

To separate these from each other, the solid
matter should be boiled for two or three hours with
sulphuric acid, diluted with four times its weight
of water : the quantity of the acid should be regu-
lated by the quantity of solid residuum to be acted
on, allowing for every 100 grains 2 drachms or 120
grains of acid.

The substance remaining after the action of the
acid may be considered as siliceous; and it must
be separated, and its weight ascertained, after
washing and drying in the usual manner.

The alumina and the oxide of iron and manga-
nesum, if any exist, are all dissolved by the sul-
phuric acid : they may be separated by succinate
of ammonia, added to excess, which throws down
the oxide of iron; and by soap lye, which will’
dissolve the alumina, but not the oxide of manga-
nesum ; the weights of the oxides ascertained after
they have been heated to redness will denote their
quantities.

Should any magnesia and lime have escaped
solution in the muriatic acid, they will be found
in the sulphuric acid ; this, however, is rarely the
case; but the process for detecting them, and
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ascertaining their quantities, is the same in both
instances.

The method of analysis by sulphuric acid is
sufficiently precise for all usual experiments; but
if very great accuracy be an object, dry carbonate
of potassa must be employed as the agent, and the
residuum of the incineration (6) must be heated
red for half an hour, with four times its weight of
this substance, in a crucible of silver, or of well-
baked porcelain. The mass obtained must be
dissolved in muriatic acid, and the solution eva-
porated till it is nearly solid ; distilled water must
then be added, by which the oxide of iron and all
the earths, except silica, will be dissolved in com-
bination as muriates. The silica, after the usual
process of lixiviation, must be heated red; the
other substances may be separated in the same
manner as from the muriatic and sulphuric so-
lutions.

This process is the one usually employed. by
chemical philosophers for the analysis of stones,

8. If any saline matter, or soluble vegetable or
animal matter is suspected in the soil, it will be
found in the water of lixiviation used for separating
he sand.

This water must be evaporated to drynessin a
proper dish, at a heat below its boiling point.

If the solid matter obtained is of a brown colour
and inflammable, it may be considered as partly
vegetable extract. If its smell, when exposed to
heat, be like that of burnt feathers, it contains animal
or albuminous matter ; if it be white, crystalline,

M
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and not destructible by heat, it may be considered
as principally saline matter ; the nature of which
may be known by the tests described page 106.

9. Should sulphate or phosphate of lime be sus-
pected in the entire soil, the detection of them
requires a particular process upon it. A given
weight of it, for instance, 400 grains, must be
heated red for half an hour in a crucible, mixed
with one third of powdered charcoal. The mixture
must be boiled for a quarter of an hour, in a half
pint of water, and the fluid collected through the
filtre, and exposed for some days to the atmo-
sphere in an open vessel. If any notable quantity
of sulphate of lime (gypsum) existed in the soil, a
white precipitate will gradually form in the fluid,
and the weight of it will indicate the proportion.

Phosphate of lime, if any exist, may be separ-
ated from the soil after the process for gypsum.
Muriatic acid must be digested upon the soil, in
quantity more than sufficient to saturate the so-
luble earths ; the solution must be evaporated, and
water poured upon the solid matter. This fluid
will dissolve the compounds of earths with the
muriatic acid, and leave the phosphate of lime
untouched. It would not fall within the limits
assigned to this Lecture to detail any processes
for the detection of substances which may be acci-
dentally mixed with the matters of soils. Other
earths and metallic oxides are now and then
found in them, but in quantities too minute to
bear any relation to fertility or barrenness, and the
search for them would make the analysis much
more complicated, without rendering it more useful.
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10. When the examination of a soil is completed,
the products should be numerically arranged, and
their quantities added together; and if they nearly
equal the original quantity of soil, the analysis
may be considered as accurate. It must, however,
be noticed, that when phosphate or sulphate of
lime are discovered by the independent process
just described (9), a correction must be made for
the general process, by subtracting a sum equal to
their weight from the quantity of carbonate of
lime obtained by precipitation from the muriatic
acid.

In arranging the products, the form should be
in the order of the experiments by which they
were procured.

Thus, I obtained from 400 grains of a good sili-
ceous sandy soil from a hop-garden near Tunbridge,
Kent,— GRAINS.

Of water of absorption - - 19

Of loose stones and gravel, principally sili-
ceous - - - - 58

Of undecompounded vegetable fibres - 14

Of fine siliceous sand - - - 212

Of minutely divided matter separated by
agitation and filtration, and consisting of

Carbonate of lime - - 19
Carbonate of maghesia - - 3
Matter destructible by heat, principally
vegetable - - - 15
Silica - - - - 21
Alumina - - - 18
Carry over - - 71 298

M 2
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GRAINS.

Brought over - - - - 71 298
. Oxide of iron - - - 5
Soluble matter, principally common salt
and vegetable extract - - 38
Gypsum - - - - 2
— 81

Amount of all the products 379
Loss - - - 21

The loss in this analysis is not more than usually
occurs, and it depends upon the impossibility of
collecting the whole quantities of the different
precipitates, and upon the presence of more
moisture than is accounted for in the water of
absorption, and which is lost in the different
processes.

When the experimenter is become acquainted
with the use of the different instruments, the pro-
perties of the re-agents, and the relations between
the external and chemical qualities of soils, he will
seldom find it necessary to perform, in any one
case, all the processes that have been described.
When his soil, for instance, contains no notable
proportion of calcareous matter, the action of the
muriatic acid (7) may be omitted. In examining
peat soils, he will principally have to attend to the
operation by fire and air (8); in the analysis of
chalks and loams, he will often be able to omit the
experiment by sulphuric acid (9); and when a
soil is extremely dense and heavy, and after being
heated to redness, strongly attracted by the magnet,
he must particularly attend to the quantity of iron
it contains ; and, in this case, the muriatic acid will
be the principal agent.
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In the first trials that are made by persons un-
acquainted with chemistry, they must not expect
much precision of result. Many difficulties will
be met with; but in overcoming them, the most
useful kind of practical knowledge will be ob-
tained ; and nothing is so instructive in experi-
mental science as the detection of mistakes. The
correct analyst ought to be well grounded in gene-
ral chemical information ; but, perhaps, there is no
better mode of gaining it, than that of attempting
original investigations. In pursuing his experi-
ments, he will be continually obliged to learn the
properties of the substances he is employing or
acting dpon; and his theoretical ideas will be
more valuable in being connected with practical
operations, and acqnired for the purpose of dis-
covery.

Plants, being possessed of no locomotive powers,

can grow only in places where they are supplied
with food; and the soil is necessary to their exist-
ence, both as affording them nourishment and
enabling them to fix themselves in such a manner
as to obey those mechanical laws by which their
radicles are kept below the surface, and their
*leaves exposed to the free atmosphere. As the
systems of roots, branches, and leaves are very
different in different vegetables, so they flourish
most in different soils ; the plants that have bulbous
roots require a looser and a lighter soil than such
as have fibrous roots; and the plants possessing
only short fibrous radicles demand a firmer soil than
such as have tap roots, or extensive lateral roots.

A good turnip soil from Holkham, Norfolk,
M3
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afforded me 8 parts out of 9 siliceous sand ; and
the finely divided matter consisted

Of carbonate of lime - - 63
— silica - - - 15
—alumina - - - 11
— oxide of iron - - 8
— vegetable and saline matter - 5
— moisture - . - 8

I found the soil taken from a field at Sheffield
Place in Sussex, remarkable for producing flou-
rishing oaks, to consist of six parts of sand, and
one part of clay and finely divided matter. And
100 parts of the entire soil submitted to analysis

A4

produced,
Silica - - - - 54
Alumina - - - - 28
Carbonate of lime - - - 8
Oxide of iron - - - - 5
Decomposing vegetable matter - 4
Moisture and loss - - - 6

An excellent wheat soil from the neighbourhood
of West Drayton, Middlesex, gave 3 parts in 5 of
siliceous sand ; and the finely divided matter con-

sisted of

Carbonate of lime - - 28 )
Silica . - - - 82
Alumina - - - 29
Animal or vegetable matter and

moisture - - - 11

Of these soils the last was by far the most, and
the first the least, coherent in texture. In all
cases.the constituent parts of the soil which give
tenacity and coherence are the finely divided mat-
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ters; and they possess the power of giving those
qualities the highest degree when they contain
much alumina. A small quantity of finely divided
matter is sufficient to fit a soil for the production
of turnips and barley ; and I have seen a tolerable
crop of turnips on a soil containing 11 parts out of
12 sand. A much greater proportion of sand,
however, always produces absolute sterility. The
soil of Bagshot heath, which is entirely devoid of
vegetable covering, contains less than o' of finely
divided matter. 400 parts of it which had been
heated red, afforded me 380 parts of coarse siliceous
sand, 9 parts of fine siliceous sand, and 11 parts of
impalpable matter, which was a mixture of fer-
ruginous clay with carbonate of lime.* Vegetable

* When the climate is favourable and there is sufficient mois-
ture, shrubs occasionally grow and flourish in soils nearly purely
siliceous. As a striking example, I may mention the soil of the
cinnamon garden in the neighbourhood of Colombo, in the island
of Ceylon. In many spots where this valuable plant flourishes
most, the surface of the ground is white as snow, being pure
quartz-sand ; below the surface a few inches, where the roots
penetrate, the sand is of a grey colour. A specimen of this,
dried thoroughly, was found to consist of

98:5 Siliccous sand.
1:0 Vegetable matter.
05 Water.

In my work, entitled “ An Account of the Interior of Ceylon,”
other instances are given of soils, composed chiefly of siliceous
earths, admitting of cultivation in that climate. Reflecting on
this, I am disposed to think that in estimating the power of a
soil, in relation to fertility, great attention should be paid to
situation, in connection with water. Probably a nearly pure
siliceous soil may be fertile which admits of being well watered,
care being taken to give it manure. Vide p.172, — J. D.
M 4
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or animal matters, when finely divided, not only
give coherence, but likewise softness and penetra-
bility ; but neither they nor any other part of the
soil must be in too great proportion ; and a soil is
unproductive if it consist entirely of impalpable
matter.

Pure alumina or silica, pure carbonate of lime,
or carbonate of magnesia, are incapable of sup-
porting healthy vegetation.

No soil is fertile that contains as much as 19
parts out of 20 of any of the constitutents that
have been mentioned.

It will be asked, are the pure earths in the soil
merely active as mechanical or indirect chemical
agents, or do they actually afford food to the
plant?  This is an important question; and not
difficult of solution.

The earths consist, as I have before stated, of
metals, united to oxygen; and these metals have
not been decomposed; there is consequently no
reason to suppose that the earths are convertible
into the elements of organized compounds, into
carbon, hydrogen, and azote.

Plants have been made to grow in given quan-
tities of earth. They consume very small portions
only, and what is lost may be accounted for by
the quantities found in their ashes; that is to say,
it has not been converted into any new products.

The carbonic acid united to lime or magnesia,
if any stronger acid happens to be formed in the
soil during the fermentation of vegetable matter,
which will disengage it from the earths, may be
decomposed : but the earths themselves cannot be
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supposed convertible into other substances by any
any process taking place in the soil.

In all cases, the ashes of plants contain some of
the earths of the soil in which they grow; but
these earths, as may be seen from the table of the
ashes afforded by different plants given in the last
Lecture, never equal more than s of the weight
of the plant consumed.

If they be considered as necessary to the vege-
table, it is as giving hardness and firmness to its
organization. 'Thus, it has been mentioned that
wheat, oats, and many of the hollow grasses, have
an epidermis principally of siliceous earth ; the use
of which seems to be to strengthen them, and de-
fend them from the attacks of insects and para-
sitical plants.

Many soils are popularly distinguished as cold ;
and the distinction, though at first view it may
appear to be founded on prejudice, is really just.

Some soils are much more heated by the rays

of the sun, all other circumstances being equal,
than others ; and soils brought to the same degree
of heat cool in different times, i. e. some cool much
faster than others.
. This property has been very little attended to
in a philosophical point of view; yet it is of the
highest importance in agriculture. In general,
soils that consist principally of a stiff white clay
are difficultly heated; and being usually very
moist, they retain their heat only for a short time.
Chalks are similar in one respect, that they are dif-
ficultly heated; but being drier. they retain their
heat longer, less being consumed in causing the
evaporation of their moisture.
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A black soil, containing much soft vegetable
matter, is most heated by the sun and air; and
the coloured soils, and the soils containing much
carbonaceous matter, or ferruginous matter, ex-
posed under equal circumstances to the sun, acquire
a much higher temperature than pale-coloured
soils.

When soils are perfectly dry, those that most
readily become heated by the solar rays likewise
cool most rapidly, their power of losing heat by
radiation being greatest; but I have ascertained,
by experiment, that the darkest coloured dry soil,
(that which contains abundance of animal or ve-
getable matter, substances which most facilitate
the diminution of temperature,) when heated to
the same degree, provided it be within the com-
mon limits of the effect of solar heat, will cool
more slowly than a wet pale soil, entirely com-
posed of earthy matter.

I found that a rich black mould, which con-
tained nearly 1 of the vegetable matter, had its
temperature increased in an hour from 65° to 88°
by exposure to sunshine; whilst a chalk soil was
heated only to 69° under the same circumstances.
But the mould removed into the shade, where the
temperature was 62°, lost, in half an hour, 15°;
whereas the chalk, under the same circumstances,
had lost only 4.°.

A brown fertile soil and a cold barren clay
were each artificially heated to 88° having been
previously dried: they were then exposed in a
temperature of 57°; in half an hour the dark soil
was found to have lost 9° of heat; the clay had
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lost only 6°. An equal portion of the clay con-
taining moisture, after being heated to 88°, was
exposed in a temperature of 55°; in less than a
quarter of an hour, it was found to have gained
the temperature of the room. The soils in all
these experiments were placed in small tin plate
trays two inches square, and half an inch in depth,
and the temperature ascertained by a delicate
thermometer.

Nothing can be more evident than that the
genial heat of the soil, particularly in spring, must
be of the highest importance to the rising plant.
And when the leaves are fully developed, the
ground is shaded, and any injurious influence,
which in the summer might be expected from too
great a heat, entirely prevented; so that the tem.
perature of the surface, when bare and exposed to
the rays of the sun, affords at least one indication of
the degrees of its fertility ; and the thermomecter
may be sometimes a useful instrument to the pur-.
chaser or improver of lands.

There is a very simple test of the cooling or
radiating powers of soils, the formation of dew
upon them, or their relative increase of weight by

sexposure to the air after being dried, in the day
or the night, in sunshine or in shade. The soil
that radiates most heat acquires the greatest in-
crease of weight; and of course the radiating
powers of the soil are not only connected with its
temperature, but likewise with its relations to
moisture.

The moisture in the soil influences its temper-
ature; and the manner in which it is distributed
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through, or combined with, the earthy materials,
is of great importance in relation to the nutriment
of the plant. If water is too strongly attracted
by the earths, it will not be absorbed by the roots
of the plants; if it is in too great quantity, or too
loosely united to them, it tends to injure or destroy
the fibrous parts of the roots.

There are two states in which water seems to
exist in the earths, and in animal and vegetable
substances : in the first state it is united by che-
mical, in the other by cohesive, attraction.

If pure solution of ammonia or potassa be poured
into a solution of alum, alumina falls down com-
bined with water ; and the powder dried by ex-
posure to air will afford more than half its weight
of water by distillation ; in this instance the water
is united by chemical attraction. 'The moisture
which wood, or muscular fibre, or gum, that have
been heated to 212°, afford by distillation at a red
heat, is likewise water, the elements of which were
united in the substance by chemical combination.

When pipe-clay dried at the temperature of the
atmosphere is brought in contact with water, the
fluid is rapidly absorbed : this is owing to cohesive
attractton. Soils in general, vegetable and animal.
substances, that have been dried at a heat below
that of boiling water, increase in weight by expo-
sure to air, owing to their absorbing water existing
in the state of vapour in the air, in consequence
of cohesive attraction.

The water chemically combined amongst the
elements of soils, unless in the case of the decom-
position of animal or vegetable substances, cannot



be absorbed by the roots of plants; but that ad.
hering to the parts of the soil is in constant use in
vegetation, Indeed, there are few mixtures of
the earths found in soils that contain any che-
mically combined water; water is expelled from
the earths by most substances that combine with
them. Thus, if a combination of lime and water
be exposed to carbonic acid, the carbonic acid
takes the place of water; and compounds of alu-
mina and silica, or other compounds of the earths,
do not chemically unite with water ; and soils, as
it has been stated, are formed either by earthy car-
bonates, or compounds of the pure earths and me-
tallic oxides.

When saline substances exist in soils, they may be
united to water both chemically and mechanically ;
but they are always in too small a quantity to in-
fluence materially the relations of the soil to water.

The power of the soil to absorb water by cohe-
sive attraction depends in great measure upon the
state of division of its parts; the more divided
they are, the greater is their absorbent power. The
different constituent parts of soils likewise appear
to act, even by cohesive attraction, with different

.degrees of energy. Thus vegetable substances
seem to be more absorbent than animal substances ;
animal substances more so than compounds of alu-
mina and silica; and compounds of alumina and
silica more absorbent than carbonates of lime and
magnesia : these differences may, however, pos-
sibly depend upon the differences in their state of

ivision, and upon the surface exposed.
"The power of soils to absorb water from air is
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much connected with fertility. When this power
is great, the plant is supplied with moisture in
dry seasons; and the effect of evaporation in the
day is counteracted by the absorption of aqueous
vapour from the atmosphere, by the interior parts
of the soil during the day, and by both the exterior
and interior during the night.

The stiff clays approaching to pipe clays in their
nature, which take up the greatest quantity of
water when it is poured upon them in a fluid form,
are not the soils which absorb most moisture from
the atmosphere in dry weather. They cake, and
present only a small surface to the air; and the
vegetation on them is generally burnt up almost as
readily as on sands.

The soils that are most efficient in supplying the
plant with water by atmospheric absorption are
those in which there is a due mixture of sand,
finely divided clay, and carbonate of lime, with
some animal or vegetable matter; and which are
so loose and light as to be freely permeable to the
atmosphere. With respect to this quality, carbo-
nate of lime and animal and vegetable matter are
of great use in soils, they give absorbent power
to the soil without giving it likewise tenacity :,
sand, which also destroys tenacity, on the contrary,
gives little absorbent power.

I have compared the absorbent powers of many
soils with respect to atmospheric moisture, and I
have always found it greatest in the most fertile
soils ; so that it affords one method of judging of
the productiveness of land. o

1000 parts of a celebrated soil from Ormistown,
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in East Lothian, which contained more than half
its weight of finely divided matter, of which 11
parts were carbonate of lime and 9 parts vege-
table matter, when dried at 212°, gained in an
hour by exposure to air saturated with moisture,
at temperature 62°, 18 grains.

1000 parts of a very fertile soil from the banks
of the river Parret, in Somersetshire, under the
same circumstances, gained 10 grains.

1000 parts of a soil from Mersea, in Essex,
worth 45 shillings an acre, gained 13 grains.

1000 grains of a fine sand from Essex, worth 28
shillings an acre, gained 11 grains.

1000 of a coarse sand, worth 15 shillings an acre,
gained only 8 grains.

1000 of the soil of Bagshot-heath gained only
3 grains.

Water, and the decomposing animal and vege-
table matter existing in the soil, constitute the true
nourishment of plants; and as the earthy parts
of the soil are useful in retaining water, so as to
supply it in the proper proportions to the roots of
the vegetables, so they are likewise efficacious in
producing the proper distribution of the animal
or vegetable matter: when equally mixed with it,
they prevent it from decomposing too rapidly ;
and by their mcans the soluble parts arc supplied
in proper proportions.

Besides this agency, which may be considered
as mechanical, there is another agency between
soils and organizable matters, which may be re.
garded as chemical in its nature. . The earths, and
even the earthy carbonates, have a certain degree
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of chemical attraction for many of the principles
of vegetable and animal substances. This is easily
exemplified in the instance of alumina and oil; if
an acid solution of alumina be mixed with a so-
lution of soap, which consists of oily matter and
potassa, the oil and the alumina will unite and
form a white powder, which will sink to the
bottom of the fluid.

The extract from decomposing vegetable mat-
ter, when boiled with pipe-clay or chalk, forms a
combination by which the vegetable matter is
rendered more difficult of decomposition and of
solution. Pure silica and siliccous sands have
little action of this kind; and the soils which
contain the most alumina and carbonate of lime
are those which act with the greatest chemical
energy in preserving manures. Such soils merit
the appellation which is commonly given to them
of rich soils ; for the vegetable nourishment is long
preserved in them, unless taken up by the organs
of plants. Siliceous sands, on the contrary, deserve
the term hungry, which is commonly applied to
them ; for the vegetable and animal matters they
contain not being attracted by the earthy consti-
tuent parts of the soil, are more liable to be de-
composed by the action of the atmosphere, or
carried off from them by water.

In most of the black and brown rich vegetable
moulds, the earths seem to be in combination with
a peculiar extractive matter, afforded during the
decomposition of vegetables: this is slowly taken
up, or attracted from the earths by water, and
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appears to constitute a prime cause of the fertility.
of the soil.

The standard of fertility of soils for different
plants must vary with the climate; and must be
particularly influenced by the quantity of rain.

The power of soils to absorb moisture ought to
be much greater in warm or dry countries than in
cold and moist ones ; and the quantity of clay, or
vegetable or animal matter they contain, greater.
Soils also on declivities ought to be more absorbent
than in plains or in the bottom of valleys. Their
productiveness likewise is influenced by the nature
of the sub-soil or the stratum on which they rest.

When soils are immediately situated upon a bed
of rock or stone, they are much sonner rendered
dry by evaporation, than where the sub-soil is of
clay or marl; and one cause of the great fertility
of some lands in the moist climate of Ireland is
the proximity of the rocky strata to the soil.

A clayey sub-soil will sometimes be of material
advantage to a sandy soil; and in this case it will
retain moisture in such a manner as to be capable
of supplying that lost by the earth above, In con-
sequence of evaporation, or the consumption of it
by plants.

A sandy, or gravelly sub-soil, often corrects the
imperfections of too great a degree of absorbent
power in the true soil.

In calcareous countries, where the surface is a
species of marl, the soil is often found only a
few inches above the limestone and its fertility is
not impaired by the proximity of the rock : though
in a less absorbeut soil, this situation would occa-
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sion barrenness; and the sandstone and limestone
hills in Derbyshire and North Wales may be.easily
distinguished at a distance in summer by the
different tints of the vegetation. The grass on
the sandstone hills usually appears brown and
burnt up; that on the limestone hills, flourishing
and green.

In devoting the different parts of an estate to
the necessary crops, it is perfectly evident from
what has been said that no general principle can
be laid down, except when all the circumstances
of the nature, composition, and situation of the
soil and sub-soil are known.

The methods of cultivation likewise must be
different for differeut soils. The same practice
which will be excellent in one case may be de-
structive in another.

Deep ploughing may be a very profitable prac-
tice in a rich thick soil ; and in a fertile shallow
soil, situated upon cold clay or sandy sub-soil, it
may be extremely prejudicial.

In a moist climate where the quantity of rain
that falls annually equals from 40 to 60 inches,
as in Lancashire, Cornwall, and some parts of
Ireland, a siliceous sandy soil is much more pro+
ductive than in dry districts; and in such situ-
ations, wheat and beans will require a less co-
herent and absorbent soil than in drier situations;
and plants having bulbous roots will flourish in a
soil containing as much as 14 parts out of 15 of
sand. ‘

Even the exhausting powers of crops will be in-
fluenced by like circumstances. In cases where
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plants cannot absorb sufficient moisture, they must
take up more manure. And in Ireland, Cornwall,
and the Western Highlands of Scotland, corn will
exhaust less than in dry inland situations. Qats,
particularly in dry climates, are impoverishing in a
much higher degree than in moist ones.

Soils appear to have been originally produced in
consequence of the decomposition of rocks and
strata. It often happens, that soils are found in an
unaltered state upon the rocks from which they
were derived. It is easy to form an idea of the
manner in which rocks are converted into soils, by
referring to the instance of soff granite, or porcelain
granite. ‘'This substance consists of three ingre-
dients, quartz, feldspar, and mica. The quartz is
almost pure siliceous earth, in a crystalline form.
The feldspar and mica are very compounded sub-
stances ; both contain silica, alumina, and oxide of
iron: in the feldspar there is usually lime and
potassa; in the mica, lime and magnesia.

When a granitic rock of this kind has been long
exposed to the influence of air and water, the lime
and the potassa contained in its constituent parts
are acted upon by water or carbonic acid ; and the

»oxide of iron, which is almost always in its least
oxided state, tends to combine with more oxygen ;
the consequence is, that the feldspar decomposes,
and likewise the mica, but the first the most rapidly.
The feldspar, which is at it were the cement of the
stone, forms a fine clay : the mica partially decom-
posed mixes with itas sand ; and the undecomposed
quartz appears as gravel, or sand of different de-
grees of fineness.

N 2



180

As soon as the smallest layer of earth is formed
on the surface of a rock, the seeds of lichens, mosses,
and other imperfect vegetables which are con-
stantly floating in the atmosphere, and which have
made it their resting-place, begin to vegetate ; their
death, decomposition, and decay, afford a certain
quantity of organizable matter, which mixes with
the earthy materials of the rock ; in this improved
soil more perfect plants are capable of subsisting ;
these in their turn absorb nourishment from water
and the atmosphere; and after perishing, afford
new materials to those already provided: the de-
composition of the rock still continues; and at
length by such slow and gradual processes, a soil is
formed in which even forest trees can fix their
roots, and which is fitted to reward the labours of
the cultivator.

In instances where successive generations of
vegetables have grown upon a soil, unless part of
their produce has been carried off by man, or con-
sumed by animals, the vegetable matter increases
in such a proportion that the soil approaches to a
peat in its nature ; and if in a situation where it can
receive water from a higher district, it becomes
spongy, and permeated with that fluid, and is gra-*
dually rendered incapable of supporting the nobler
classes of vegetables.

Many peat-mosses seem to have been formed by
the destruction of forests, in consequence of the
imprudent use of the hatchet by the early cultivators
of the country in which they exist : when the trees
are felled in the outskirts of a wood, those in the
interior exposed to the influence of the winds, and
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having been accustomed to shelter, become uns
healthy, and die in their new situation; and their
leaves and branches gradually decomposing, pro-
duce a stratum of vegetable matter. In many of
the great bogs in Ireland and Scotland, the larger
trees that are found in the out-skirts of them bear
the marks of having been felled. In the interior
few entire trees are found; and the cause is, pro-
bably, that they fell by gradual decay; and that
the fermentation and decomposition of the vegetable
matter was most rapid where it was in the greatest
quantity.

Lakes and pools of water are sometimes ﬁlled
up by the accumulation of the remains of aquatic
plants ; and in this case a sort of spurious peat is
formed. The fermentation in these cases, however,
seems to be of a diffcrent kind. Much more gaseous
matter is evolved ; and the neighbourhood of mo-
rasses in which aquatic vegetables decompose is
usually aguish and unhealthy; whilst that of the
true peat, or peat formed on soils originally dry, is
always salubrious.*

The earthy matter of peats is uniformly analogous
to that of the stratum on which they repose ; the
splants which have formed them must have derived
the earths that they contained from this stratum.
Thus in Wiltshire and Berkshire, where the stratum

* In tropical climates no peat is formed; the temperature
is too high. The dead vegetable matter rapldly decomposes,
and is converted into gases; and this probably is one of the
causes of these climates being so much more unhealthy and
productive of malaria-fevers than temperate and cold climates.
~J.D. :

N 3
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below the peat is chalk, calcareous earth abounds
in the ashes, and very little alumina and silica.
They likewise contain much oxide of iron and
gypsum, both of which may be derived from the de-
composition of the pyrites, so abundant in chalk.

Different specimens of peat that I have burnt,
from the granitic and schistose soils of different
parts of these islands, have always given ashes,
principally siliceous and aluminous; and a speci-
men of peat from the county of Antrim, gave ashes
which afforded very nearly the same constituents
as the great basaltic stratum of the county.

Poor and hungry soils, such as are produced from
the decomposmon of granitic and sandstone rocks,
remain very often for ages with only a thin covering
of vegetation. Soils from the decomposition of
limestone, chalks, and basalts, are often clothed by
nature with the perennial grasses; and afford, when
ploughed up, a rich bed of vegetation for every
species of cultivated plant.

Rocks and strata from which soils have been de-
rived, and those which compose the more interior
solid parts of the globe, are arranged in a certain
order; and as it often happens that strata very dif-
ferent in their nature are associated together, and
that the strata immediately beneath the soil contain
materials which may be of use for improving it, a
general view of the nature and position of rocks
and strata in nature will not, I trust, be unaccept-
able to the scientific farmer.

Rocks are generally divided by geologists into
two grand divisions, distinguished by the names of
primary and secondary.
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The primary rocks are composed of pure crystal-
line matter, and contain no fragments of other rocks,

The secondary rocks, or strata, consist only partly
of crystalline matter, contain fragments of other
rocks or strata ; often abound in remains of veget-
ables and marine animals; and sometimes contain
the remains of land animals.

The primary rocks are generally arranged in large
masses, or in layers, vertical or more or less inclined
to the horizon.

The secondary rocks are usually disposed in
strata or layers, parallel, or nearly parallel, to the
horizon.

The number of primary rocks which are com-
monly observed in nature are eight.

First, granite, which, as has been mentioned, is
composed of quartz, feldspar, and mica; when these
bodies are arranged in regular layers in the rock, it
is called gneis.

Second, micaceous schistus, which is composed of
quartz and mica, arranged in layers, which are
usually curvilineal.

Third, sienite, which consists of the substance
called hornblende and feldspar.

Fourth, serpentine, which is constituted by feld-
spar and a body named resplendent hornblende ;
and their separate crystals are often so small as to
give the stone a uniform appearance: this rock
abounds in veins of a substance called steatite, or
soap rock.

Fifth, porphyry, which consists of crystals of
feldspar, embedded in the same material, but usually
.of a different colour.

N 4
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* Sixth, granular marble, which consists entirely of
crystals of carbonate of lime ; and which, when its
‘colour is white, and texture fine, is the substance
used by statuaries.

Seventh, chlorite schist, which consists of chlo-
rite, a green or grey substance, somewhat analogous
to mica and feldspar.

Eighth, quartzose rock, which is composed of
quartz in a granular form, sometimes united to
small quantities of the crystalline elements, which
have been mentioned as belonging to the other
rocks.

The secondary rocks are more numerous than
the primary ; but twelve varieties include all that
are usually found in these islands.

First, grawwacke, which consists of fragments of
quai'tz, or chlorite schist, embedded in a cement,
principally composed of feldspar.

Second, siliceous sandstone, which is composed

‘of fine quartz or sand, united by a siliceous cement.

Third, limestone, consisting of carbonate of lime,
more compact in its texture than in the granular
marble ; and often abounding in marine exuvia.

Fourth, aluminous schist or shale, consisting of the
decomposed materials of different rocks cemented,
by a small quantity of ferruginous or siliceous
matter ; and often containing the impressions of
vegetables. :

Fifth, calcareous sandstone, which is calcareous
sand, cemented by calcareous matter.

Sixth, ironstone, formed of nearly the same mate-
rials as aluminous schist or shale ; but contalmng a
much larger quantity of oxide of i iron.
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Seventh, basalt or whinstone, which consists of
feldspar and hornblende, with materials derived
from the decomposition of the primary rocks; the
crystals are generally so small as to give the rock a
homogenous appearance ; and it is often disposed
in very regular columns, having usually five or six
sides.

Eighth, bituminous or common coal.

Ninth, gypsum, the substance so well known by
that name, which consists of sulphate of lime ; and
often contains sand.

Tenth, rock salt.

Eleventh, chalk, which usuallyabounds in remains
of marine animals, and contains horizontal layers
of flints.

Twelfth, plumb pudding stone, consisting of peb-
bles cemented by a ferruginous or siliceous cement.

To describe more particularly the constituent
parts of the different ‘rocks and strata will be
unnecessary ; at any time, indced, details on this
subject are useless, unless the specimens are exa-
mined by the eye; and a close inspection and
comparison of the different species will, in a short
time, enable the most common observer to distin-
guish them.

The highest mountains in these islands, and in-
deed in the whole of the old continent, arc consti-
tuted by granite ; and this rock has likewise been
found at the greatest depths to which the industry
of man has as yet been able to penetrate ; micaceous
schist is often found immediately upon granite ;
serpentine or marble upon micaceous schist; but
the order in which the primary rocks are grouped
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together is various. Marble and serpentine are
usually found uppermost; but granite, though it
seems to form the foundation of the rocky strata of
the globe, is yet sometimes discovered above mica-
ceous schist.

The secondary rocks are always incumbent on
the primary; the lowest of them is usually grau-
wacke; upon this limestone or sandstone is often
found ; coal generally occurs between sandstone
or shale; basalt often exists above sandstone and
limestone ; rock salt almost always occurs asso-
ciated with red sandstone and gypsum. Coal, ba-
salt, sandstone, and limestone, are often arranged
in different alternate layers, of no considerable
thickness, so as to form a great extent of country.
In a depth of less than 500 yards, 80 of these dif-
ferent alternate strata have been counted.

The veins which afford metallic substances, are
fissures vertical or more or less inclined, filled with
a material different from the rock in which they
exist. This material is almost alwayscrystalline; and
usually consists of calcareous spar, fluor spar, quartz,
or heavy spar, either separate or together. The
metallic substances are generally dispersed through,
or confusedly mixed with these crystalline bodieg
The veins in hard granite seldom afford much useful
metal ; but in the veins in soft granite and in gneis
tin, copper, and lead are found. Copper and iron
are the only metals usually found in the veins in
serpentine. Micaceous schist, sienite, and granular
marble are seldom metalliferous rocks. Lead, tin,
copper, iron, and many other metals, are found in
the veins in chlorite schist. Grauwacke, when it
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sontains few fragments, and exists in large masses,
s often a metalliferous rock. The precious metals,
ikewise iron, lead, and antimony, are found in it :
ind sometimes it contains veins, or masses of stone
coal, or coal free from bitumen. Limestoae is the
great metalliferous rock of the secondary family ;
and lead and copper are the metals most usually
found in it. No metallic veins have ever been
found in shale, chalk, or calcareous sandstone;
and they are very rare in basalt and siliceous sand-
stone.*

In cases where veins in rocks are exposed to the
atmosphere, indications of the metals they contain
may be often gained from their superficial appear-
ence. Whenever fluor spar is found in a vein,
there is always strong reason to suspect that it is
associated with metallic substances. A brown
powder at the surface of a vein always indicates
iron, and often tin; a pale yellow powder lead ;
and a green colour in a vein denotes the presence
of copper.

It may not be improper to give a general de-
scription of the geological constitution of Great
Britain and Ireland. Granite forms the great
.zidge of hills extending from Land’s End through
Dartmore into Devonshire. The highest rocky
strata in Somersetshire are grauwacke and lime-
stone. 'The Malvern hills are composed of granite,
sienite, and porphyry. The highest mountains in
Wales are chlorite schist, or grauwacke. Granite

* Fig. 16. will give a general ideaof the appearance and ar-
rangement of rocks and veins.
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occurs at Mount Sorrel, in Leicestershire. " The
great range of the mountains in Cumberland and
‘Westmorland are porphyry, chlorite, schist, and
grauwacke ; but granite is found as their western
boundary. Throughout Scotland the most elevated
rocks are granite, sienite, and micaceous schistus.
No true secondary formations are found in South
Britain, west of Dartmore ; and no basalt south of
the Severn. The chalk district extends from the
western part of Dorsetshire to the eastern coast of
Norfolk. The coal formations abound in the dis-
trict between Glamorganshire and Derbyshire ; and
likewise in the secondary strata of Yorkshire, Dur-
ham, Westmorland, and Northumberland. Ser-
pentine is found only in three places in Great
Britain ; near Cape Lizard in Cornwall, Portsoy in
Aberdeenshire, and in Ayrshire. Black and grey
granular marble is found near Padstow in Corn-
wall ; and other coloured primary marbles exist in
the neighbourhood of Plymouth. Coloured pri-
mary marbles are abundant in Scotland ; and white
granular marble is found in the Isle of Sky, in
Assynt, and on the banks of Loch Shin in Suther-
land : the principal coal formations in Scotland are
in Dumbartonshire, Ayrshire, Fifeshire, and on the
banks of the Brora, in Sutherland. Secondary
limestone and sandstone are found in most of the
low countries north of the Mendip hills.

In Ireland there are five great associations of
primary mountains; the mountains of Morne, in
the county of Down; the mountains of Donegal ;
.those of Mayo and Galway ; those of Wicklow ; and
those of Kerry. The rocks composing the four
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first of these mountain chains are principally gra.
nite, gneis, sienite, micaceous schist, and porphyry.
The mountains of Kerry are chiefly constituted by
glanular quartz, and chlorite schist. Coloured
marble is found near Killarney ; and white marble
on the western coast of Donegal. v RO

Limestone and sandstone are the common 'se-
condary rocks found south of Dublin. Tn Sligo,
Roscommon, and Leitrim, limestone, sandstone,
shale, ironstone, and bituminous coal are found.
The secondary hills in these counties are of con-
siderable elevation ; and many of them have basal-
tic summits. The north coast of Ireland is prin-
cipally basalt ; this rock commonly reposes upon
a white limestone, containing layers of flint, and
the same fossils as chalk ; but it is considerably
harder than that rock. There are some instances,
in this district, in which columnar basalt is found
above sandstone and shale, alternating with coal.
The stone-coal of Ireland is principally found in
Kilkenny, associated with limestone and grau-
wacke.

It is evident from what has been said concerning
the production of soils from rocks, that there must
Ire at least as many varieties of soils as there are
species of rocks exposed at the surface of the earth ;
in fact there are many more. Independent of the
changes produced by cultivation and the exertions
of human labour, the materials of strata have been
mixed together and transported trom place to place
by various great alterations that have taken place
in the system of our globe, and by the constant
operation of water. «
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To attempt to class soils with scientific accuracy
would be a vain labour; the distinctions adopted
by farmers are sufficient for the purposes of agri-
culture ; particularly if some degree of precision
be adopted in the application of terms. The term
sandy, for instance, should never be applied to any
soil that does not contain at least F of sand;
sandy soils that effervesce with acids should be
distinguished by the name of calcareous sandy
soil, to distinguish them from those that are sili-
ceous. The term clayey soil should not be applied
to any land which contains less than } of impal-
pable earthy matter, not considerably effervescing
with acids: the word loam should be limited to
soils containing at least one third of impalpable
earthy matter, copiously effervescing with acids.
A soil, to be considered as peaty, ought to contain
at least one half of vegetable matter.

In cases where the earthy part of a soil evidently
consists of a decomposed matter of one particular
rock, a name derived from the rock may with pro-
priety be applied to it. Thus, if a fine red earth
be found immediately above decomposing basalt,
it may be denominated basaltic soil. If fragments
of quartz and mica be found abundant in the mate-
rials of the soil, which is often the case, it may be
denominated granitic soil ; and the same principles
may be applied to other like instances.

In general, the soils, the materials of which are
the most various and heterogeneous, are those called
alluvial, or which have been formed from the
depositions of rivers; many of them are extremely
fertile. I have examined some productive alluvial
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soils, which have been very different in their com.
position. The soil which has been mentioned page
160, as very productive, from the banks of the
river Parret in Somersetshire, afforded me eight
parts of finely divided earthy matter, and one part
of siliceous sand ; and un analysis of the finely di-
vidéd matter gave the following results : —

360 parts of carbonate of lime.

25 — alumina,

20 — silica.

8 — oxide of iron.
19 — vegetable, animal, and saline matter.

A rich soil from the neighbourhood of the
Avon, in the valley of Evesham in Worcestershire,
afforded me three fifths of fine sand, and two fifths
of impalpable mattter ; the impalpable matter con-
sisted of,

35 Alumina.
41 Silica.
14: Carbonate of lime.
3 Oxide of iron.
7 Vegetable, animal, and saline matter.

A specimen of good soil from Tiviot-dale, af-
forded five sixths of fine siliceous sand, and one
gixth of impalpable matter; which consisted of

41 Alumina.
42 Silica.
4. Carbonate of lime.
5 Ogxide of iron.
8 Vegetable, animal, and saline matter.

A soil yielding excellent pasture from the valley

of the Avon, near Salisbury, afforded one eleventh
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of coarse siliceous sand; and the finely divided
matter consisted of

7 Alumina.

14 Silica.

63 Carbonate of lime.

2 Ogxide of iron.

14 Vegetable, animal, and saline matter.

In all these instances the fertility seems to de-
pend upon the state of division, and mixture of the
earthy materials and the vegetable and animal
matter ; and may be easily explained on the prin-
ciples which I have endeavoured to elucidate in
the preceding part of this Lecture.

In ascertaining the composition of sterile soils
with a view to their improvement, any particular
ingredient which is the cause of their unproductive-
ness, should be particularly attended to ; if possible,
they should be compared with fertile soils in the
same neighbourhood, and in similar situations, as
the difference of the composition may, in many
cases, indicate the most proper methods of improve-
ment. If on washing a sterile soil it is found to
contain the salt of iron, or any acid matter, it may
be ameliorated by the application of quick-lime.
A soil of good apparent texture from Lincolnshire,
was put into my hands by Sir Joseph Banks as re-
markable for sterility. On examining it, I found
that it contained sulphate of iron; and I offered
the obvious remedy of top-dressing with lime,
which converts the sulphate into a manure. If
there be an excess of calcareous matter in the soil,
it may be improved by the application of sand, or
clay. Soils too abundant in sand are benefited by
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the use of clay or marl, or vegetable matter. A
field belonging to Sir Robert Vaughan at Nannau,
Merionethshire, the soil of which was a light sand,
was much burnt up in the summer of 1805; I
recommended to that gentleman the application
of peat as a top-dressing. The experiment was
attended with immediate good effects; and Sir
Robert has informed me, that the benefit was per-
manent. A deficiency of vegetable or animal
matter must be supplied by manure. An excess of
vegetable matter is to be removed by burning, or
to be remedied by the application of earthy mate-
rials. The improvement of peats, or bogs, or marsh
lands, must be preceded by draining; stagnant
water being injurious to all the nutritive classes of
plants. Soft black peats, when drained, are often
made productive Ly the mere application of sand
or clay as a top-dressing. When peats are acid, or
contain ferruginous salts, calcareous. matter is abso-
lutely necessary in bringing them into cultivation.
When they abound in the branches and roots of
trees, or when their surface entirely consists of
living vegetables, the wood or the vegetables must
either be carried off, or be destroyed by burning.
In the last case their ashes afford earthy ingredients,
fitted to improve the texture of the peat.

The best natural soils are those of which the
materials have been derived from different strata ;
which have been minutely divided by air and water,
and are intimately blended together: and in im-
proving soils artificially, the farmer cannot do
better than imitate the processes of nature.

The materials necessary for the purpose are sel-
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dom far distant: coarse sand is often found imme-
diately on chalk; and beds of sand and gravel are
common below clay. The labour of improving the
texture or constitution of the soil is repaid by a
great permanent advantage; less manure is re-
quired, and its fertility insured. And capital laid
out in this way secures for ever the productiveness,
and consequently the value, of the land.



LECTURE V.

ON THE NATURE AND CONSTITUTION OF THE ATMOSPHERE,
AND ITS INFLUENCE ON VEGETABLES. OF THE GERMIN=-
ATION OF SEEDS. OF THE FUNCTIONS OF PLANTS IN
THEIR DIFFERENT STAGES OF GROWTH ; WITH A GENE-
RAL VIEW OF THE PROGRESS OF VEGETATION.

T'ue constitution of the atmosphere has been al-
ready generally referred to in the preceding Lec-
tures. Water, carbonic acid gas, oxygen, and
azote, have been mentioned as the principal sub-
stances composing it; but more minute inquiries
respecting their nature and agencies are necessary
to afford correct views of the uses of the atmo-
sphere in vegetation.

On these inquiries I now propose to enter ; the
pursuit of them, I hope, will offer some objects of
practical use in farming; and present some phi-
losophical illustrations of the manner in which
plants are nourished, their organs unfolded, and
their functions developed.

If some of the salt called muriate of lime that
has been just heated red be exposed to the air, even
in the driest and coldest weather, it will increase
in weight and become moist ; and in a certain time
will be converted into a fluid. If put into a retort
and heated, it will yield pure water ; will gradually
recover its pristine state; and, if heated red, its
former weight : so that it is evident that the water

o
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united to it was derived from the air. And that it
existed in the air in an invisible and elastic form, is
proved by the circumstance, that if a given quan-
tity of air be exposed to the salt, its volume and
weight will diminish, provided the experiment be
correctly made. .

The quantity of water which exists in air, as
vapour, varies with the temperature. In propor-
tion as the weather is hotter, the quantity is greater.
At 50° of Fahrenheit air contains about s of its
volume of vapour; and as the specific gravity of
vapour is to that of air nearly as 10 to 15, this is
about 7 of its weight.

At 100°, supposing that there is a free commu-
nication with water, it contains about s parts in
volume, or ¢ in weight. It is the condensation
of vapour by diminution of the temperature of the
atmosphere, which is probably the principal cause
of the formation of' clouds, and of the deposition
of dew, mist, snow, or hail.

The power of different substances to absorb
aqueous vapour from the atmosphere by cohesive
attraction was discussed in the last Lecture. The
leaves of living plants appear to act upon the va-
pour likewise in its elastic form, and to absorb it.
Some vegetables increase in weight from this cause,
when suspended in the atmosphere and uncon-
nected with the soil; such are the houseleek, and
different species of the aloe. In very intense heats,
and when the soil is dry, the life of plants seems
to be preserved by the absorbent power of their
leaves: and it is a beautiful circumstance in the
‘economy of nature, that aqueous vapour is most
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abundant in the atmosphere when it is most needed
for the purposes of life ; and that when other sources
of its supply are cut off; this is most copious.

The compound nature of water has been referred
to. It maybe proper to mention the experimental
proofs of its decomposition into, and composition
from, oxygen, and hydrogen.

If the metal called potassium be exposed in a-
glass tube to a small quantity of water, it will act
upon it with great violence; elastic fluid will be
disengaged, which will be found to be hydrogen ;
and the same effects will be produced upon the
potassium, as if it had absorbed a small quantity of
oxygen; and the hydrogen disengaged, and the
oxygen added to the potassium, are in weight as
2 to 15; and if two in volume of hydrogen, and
one in volume of oxygen, which have the weights
of 2 and 15, be introduced into a close vessel,
and an electrical spark passed through them, they
will inflame and condense into 17 parts of pure
water.

It is evident from the statements given in the
third Lecture, that water forms by far the greatest
part of the sap of plants; and that this substance,
or its elements, enters largely into the constitution
of their organs and solid productions.

Water is absolutely necessary to the economy
of vegetation in its elastic and fluid state; and it
is not devoid of use even it its solid form. Snow
and ice are bad conductors of heat; and when the
ground is covered with snow, or the surface of the
soil or of water is frozen, the roots or bulbs of the
plants beneath are protected by the congealed

o3
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water from the influence of the atmosphere, the
temperature of which in northern winters is usually
very much below the freezing point; and this
water becomes the first nourishment of the plant
in early spring. The expansion of water during
its congelation, at which time its volume increases
71, and its contraction of bulk during a thaw, tend
to pulverise the soil ; to separate its parts from each
other, and to make it more permeable to the influ-
ence of the air.

If asolution of lime in water be exposed to the
air, a pellicle will speedily form upon it, and a solid
matter will gradually fall to the bottom of the water,
and in a certain time the water will become taste-
less; this is owing to the combination of the lime,
which was dissolved in the water, with carbonic
acid gas which existed in the atmosphere, as may
be proved by collecting the film and the solid
matter, and igniting them strongly in a little tube
of platina or iron ; they will give off carbonic acid
gas, and will become quicklime, which, added to
the same water, will again bring it to the state of
lime-water.

The quantity of carbonic acid gas in the atmo-
sphere is very small. It is not easy to determine it
with precision, and it must differ in different situ-
ations ; but where there is a free circulation of air,
it is probably never more than sds, nor less than
sbs of the volume of air. Carbonic acid gas is
nearly 4 heavier than the other elastic parts of
the atmosphere in their mixed state : hence, at first
view, it might be supposed that it would be most
abundant in the lower regions of the atmosphere ;
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but unless it has been immediately produced at the
surface of the earth in some chemical process, this
does not seem to be the case: elastic fluids of dif-
ferent specific gravities have a tendency to equable
mixture by a species of attraction, and the different
parts of the atmosphere are constantly agitated and
blended together by winds or other causes. De
Saussure found lime-water precipitated on Mount
Blanc, the highest point of land in Europe; and
carbonic acid gas has been always found, apparently
in due proportion, in the air brought down from
great heights in the atmosphere by aérostatic ad-
venturers.

The experimental proofs of the composition of
carbonic acid gas are very simple. If 13 grains
of well burnt charcoal be inflamed by a burning-
glass in 100 cubical inches of oxygen gas, the
charcoal will entirely disappear ; and, provided the
experiment be correctly made, all the oxygen, ex-
cept a few cubical inches, will be found converted
into carbonic acid ; and, what is very remarkable,
the volume of the gas is not changed. On this
last circumstance it is easy to found a correct esti-
mation of the quantity of pure charcoal and oxy-
gen in carbonic acid gas : the weight of 100 cubical
inches of carbonic acid gas is to that of 100 cubical
inches of oxygen gas, as 47 to 84: so that 47 parts
in weight of carbonic acid gas must be composed
of 34 parts of oxygen and 138 of charcoal, which
correspond with the numbers given in the second
Lecture.

Carbonic acid is easily decomposed by heating
potassium in it; the metal combines with the oxy-

o 4



200

gen, and the charcoal is deposited in the form of a
black powder.

The principal consumption of the carbonic acid
in the atmosphere, seems to be in affording nourish-
ment to plants; and some of them appear to be
supplied with carbon chiefly from this source.

Carbonic acid gas is formed during fermentation,
combustion, putrefaction, respiration, and a num-
ber of operations taking place upon the surface of
the earth; and there is no other process known
in nature by which it can be destroyed but by
vegetation.

After a given portion of air has been deprived
of aqueous vapour and carbonic acid gas, it appears
little altered in its properties ; it supports combus-
tion and animal life. There are many modes of
separating its principal constituents, oxygen, and
azote, from each other. A simple one is by burn-
ing phosphorus in a confined volume of air: this
absorbs the oxygen and leaves the azote ; and 100
parts in volume of air, in which phosphorus has
been burnt, yield 79 parts of azote; and by mix-
ing this azote with 21 parts of fresh oxygen gas
artificially procured, a substance having the ori-
ginal characters of air is produced. To procure
pure oxygen from air, quicksilver may be kept
heated in it, at about 600° till it becomes a red
powder : this powder, when ignited, will be re-
stored to the state of quicksilver by giving off
oxygen.

Oxygen is necessary to some functions of vege-
tables, but its great importance in nature is in its
relation to the economy af animals. It is abso-
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lutely necessary to their life. "Atmospheric air
taken into the lungs of animals, or passed in solu-
tion in water through the gills of fishes, loses
oxygen ; and for the oxygen lost, about an equal
volume of carbonic acid appears.

The effects of azote in vegetation are not dis-
tinctly known. As it is found in some of the
products of vegetation, it may be absorbed by
certain plants from the atmosphere. It prevents
the action of oxygen from being too energetic,
and serves as a medium in which the more essen-
tial parts of the air act: nor is this circumstance
unconformable to the analogy of nature; for the
elements most abundant on the solid surface of the
globe, are not those which are the most essential to
the existence of the living beings belonging to it.

The action of the atmosphere on plants differs
at different periods of their growth, and varies with
the various stages of the developement and decay
of their organs. Some general idea of its influence
may have been gained from circumstances already
mentioned : I shall now refer to it more particu-
larly, and endeavour to connect it with a general
view of the progress of vegetation.

If a healthy seed be moistened and exposed to
air at a temperature not below 45°, it soon ger-
minates ; it shoots forth a plume which rises
upwards, and a radicle which descends.

If the air be confined, it is found that in the
process of germination the oxygen, or a part of
it, is absorbed. The azote remains unaltered ; no
carbonic acid is taken away. from the air; on the
contrary, some is added.
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Seeds are incapable of germinating, except when
oxygen is present. In the exhausted receiver of
the air-pump, in pure azote, in pure carbonic acid,
when moistened they swell, but do not vegetate ;
and if kept in these gases, lose their living powers,
and undergo putrefaction.

If a seed be examined before germination, it will
be found more or less insipid, at least not sweet ;
but after germination it is always sweet. Its co-
agulated mucilage, or starch, is converted into
sugar in the process; a substance difficult of so-
lution is changed into one easily soluble ; and the
sugar carried through the cells or vessels of the
cotyledons, is the nourishment of the infant plant.
It is easy to understand the nature of the change,
by referring to the facts mentioned in the third
Lecture; and the production of carbonic acid
renders probable the idea, that the principal che-
mical difference between sugar and mucilage de-
pends upon the sugar containing a larger proportion
of the elements of water, and upon a slight differ-
ence in the proportions of their carbon.

The absorption of oxygen by the seed in ger-
mination, has been compared to its absorption in
producing the evolution of feetal life in the egg;
but this analogy is only remote. All animals, from
the most to the least perfect classes, require a
supply of oxygen.* From the moment the heart

* The impregnated eggs of insects, and even of fishes, do not
produce young ones, unless they are supplied with air, that is,
unless the foetus can respire. I have found that the eggs of
moths did not produce larvee when confined in pure carbonic
acid; and when they were exposed in common air, the oxygen
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begins to pulsate till it ceases to beat, the aération
of the blood is constant, and the function of re-
spiration invariable ; carbonic acid is given off in
the process, but the chemical change produced in
the blood is unknown ; nor is there any reason to
suppose the formation of any substance similar to
sugar. In the production of a plant from a seed,
some reservoir of nourishment is needed before the
root can supply sap ; and this reservoir is the coty-
ledon, in which it is stored up in an insoluble form,
and protected, if necessary, during the winter, and
rendered soluble by agents which are constantly
present on the surface. The change of starch into
sugar, connected with the absorption of oxygen,
may be rather compared to a process of ferment-
ation than to that of respiration; it is a change
effected upon unorganised matter, and can be
artificially imitated ; and in most of the chemical

partly disappeared, and carbonic acid was formed. The fish in
the egg or spawn gains its oxygen from the air dissolved in
water ; and those fishes that spawn in spring and sumner in still
water, such as the pike, carp, perch, and bream, deposit their
eggs upon subaquatic vegetables, the leaves of which, in per-
forming their healthy functions, supply oxygen to the water.
The fish that spawn in winter, such as the salmon and trout,
seek spots where there is a constant supply of fresh water, as
near the sources of streams as possible, and in the most rapid
currents, where all stagnation is prevented, and where the water
is saturated with air, to which it has been exposed during its
deposition from clouds. It is the instinct leading these fish
to seek a supply of air for their eggs which carries them from
seas or lakes into the mountain country, which induces them
to move against the stream, and to endeavour to overleap weirs,
mill-dams, and cataracts.
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changes that occur when vegetable compounds are
exposed to air, oxygen is absorbed, and carbonic
acid formed or evolved.

It is evident, that in all cases of tillage the seeds
should be sown so as to be fully exposed to the in-
fluence of the air. And one cause of the unpro-
ductiveness of cold clayey adhesive soils is, that the
seed is coated with matter impermeable to air.

In sandy soils the earth is always sufficiently
penetrable by the atmosphere ; but in clayey soils
there can scarcely be too great a mechanical divi-
sion of parts in the process of tillage. Any seed
not fully supplied ‘with air, always produces a weak
and diseased plant.

The process of malting, which has been already
referred to, is merely a process in which germin.-
ation is artificially produced; and in which the
starch of the cotyledon is changed into sugar;
which sugar is afterwards, by fermentation, con-
verted into spirit.

It is very evident from the chemical principles of
germination, that the process of malting should be
carried on no further than to produce the sprouting
of the radicle, and should be checked as soon as
this has made its distinct appearance. If it is
pushed to such a degree as to occasion the perfect
developement of the radicle and the plume, a con-
siderable quantity of saccharine matter will have
been consumed in producing their expansion, and
there will be less spirit formed in fermentation, or
produced in distillation.

As this circumstance is of some importance, I
made in October, 1806, an experiment relating to
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it. T ascertained by the action of alcohol, the re.
lative proportions of saccharine matter in two equal
quantities of the same barley ; in one of which the
germination had proceeded so far as to occasion a
protrusion of the radicle to nearly a quarter of an
inch beyond the grain in most of the specimens,
and in the other of which it had been checked be-
fore the radicle was a line in length ; the quantity
of sugar afforded by the last was to that in the first
nearly as six to five.

The saccharine matter in the cotyledons at the
time of their change into seed-leaves, renders them
exceedingly liable to the attacks of insects : this
principle is at once a nourishment of plants and
animals, and the greatest ravages are committed
upon crops in this first stage of their growth.

The turnip fly, an insect of the colyoptera genus,
fixes itself upon the seed-leaves of the turnip at
the time that they are beginning to perform their
functions ; and when the rough leaves of the plume
are thrown forth, it is incapable of injuring the
plant to any extent.

Several methods have been proposed for destroy-
ing the turnip fly, or for preventing it from injuring
the crop. It has been proposed to sow radish-seed
with the turnip-seed, on the idea that the insect is
fonder of the secd-leaves of the radish than those
of the turnip : it is said that this plan has not been
successful, and that the fly feeds indiscriminately
on both.

There are several chemical menstrua which ren-
der the process of germination much more rapid,
when the seeds have been steeped in them. Asin
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these cases the seed-leaves are quickly produced,
and more speedily perform their functions, I pro-
posed it as a subject of experiment to examine
whether such menstrua might not be useful in rais-
ing the turnip more speedily to that state in which
it would be secure from the fly ; but the result
proved that the practice was inadmissible; for seeds
so treated, though they germinated much quicker,
did not produce healthy plants, and often died soon
after sprouting.

I steeped radish-seeds in September, 1807, for 12
hours, in a solution of chlorine, and similar seeds
in very diluted nitric acid, in very diluted sulphu-
ric acid, in weak solution of oxysulphate of iron,
and some in common water. The seeds in solu-
tions of chlorine and oxysulphate of iron threw
out the germ in two days, those in nitric acid
in three days, in sulphuric acid in five, and those
in water in seven days. But in the cases of pre-
mature germination, though the plume was very
vigorous for a short time, yet it became at the end
of a fortnight weak and sickly; and at that period
less vigorous in its'growth than the sprouts which
had been naturally developed, so that there can be
scarcely any useful application of these experiments.
Too rapid growth and premature decay seem in-
variably connected in organised structures ; and it
is only by following the slow operations of natural
causes, that we are capable of making improve-
ments. .

There is a number of chemical substances wkich
are very offensive and even deadly to insects, which
do not injure, and some of which even assist vege-
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tation. Several of these mixtures have been tried
with various success; a mixture of sulphur and
lime, which is very destructive to slugs, does not
prevent the ravages of the fly on the young turnip
crop. His Grace the Duke of Bedford, at my sug-
gestion, was so good as to order the experiment to
be tried on a considerable scale at Woburn farm:
the mixture of lime and sulphur was strewed over
one part of a field sown with turnips ; nothing was
applied to the other part, but both were attacked
nearly in the same manner by the fly.

Mixtures of soot and quicklime, and urine and
quicklime, will probably be more efficacious. The
volatile alkali given off by these mixtures is offen-
sive to insects ; and they afford nourishment to the
plant. Mr. T. A. Knight* informs me, that he

* Mr. Knight has been so good as to furnish me with the
following note on this subject.

« The experiment which I tried the year before last, and last
year, to preserve turnips from the fly, has not been sufficiently
often repeated to enable me to speak with any degree of deci-
sion; and last year all my turnips succeeded perfectly well.
In consequence of your suggestion, when 1 had the pleasure to
meet you some years ago at Holkham, that lime slaked with
urine might possibly be found to kill, or drive off, the insects
from a turnip crop, I tried that preparation in mixture with
three parts of soot, which was put into a small barrel, with
gimblet holes round it, to permit a certain quantity of the com-
position, about four bushels to an acre, to pass out, and to fall
into the drills with the turnip seeds. Whether it was by afford-
ing highly stimulating food to the plant, or giving some flavour
which the flies did not like, I cannot tell; but in the year 1811,
the adjoining rows were eaten away, and those to which the
composition was applied, as above described, were scarcely at all
touched. It is my intention in future ‘to drill my crop in, first,
with the composition on the top of the ridge; and then to sow
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has tried the method by ammoniacal fumes with
success; but more extensive trials are necessary
to establish its general efficacy. It may, however,
be safely adopted ; for if it should fail in destroy-
ing the fly, it will at least be a useful manure to
the land.

After the roots and leaves of the infant plant
are formed, the cells and tubes throughout its
structure become filled with fluid, which is usually
supplied from the soil, and the function of nourish-
ment is performed by the action of its organs upon
the external elements. The constituent parts of
the air are subservient to this process; but, as it
might be expected, they act differently under dif-

ferent circumstances.
When a growing plant, the roots of which are
supplied with proper nourishment, is exposed in

at least a pound of seed, broad-cast, over the whole ground.
The expense of this will be very trifling, not more than 2s. per
acre; and the horse-hoe will instantly sweep away all the super-
numeraries between the rows, should those escape the flies, to
which, however, they will be chiefly attracted; because it will
always be found that those insects prefer turnips growing in
poor to those in rich ground. One advantage seems to be the
acceleration given to the growth of the plants, by the highly
stimulative effects of the food they instantly receive, as soon as
their growth commences, and long before their radicals have
reached the dung. The directions above given apply only to
turnips sowed upon ridges, with the manure immediately under
them ; and I am quite certain, that in all soils turnips should be
thus cultivated. The close vicinity of the manure, and the con-
sequent short time required to carry the food into the leaf, and
return the organizable matter to the roots, are, in my hypothesis,
points of vast importance ; and the results in practice are corre-
spondent.”
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the presence of solar light to a given quantity of
atmospherical air, containing its due proportion
of carbonic acid, the carbonic acid after a certain
time is destroyed, and a certain quantity of oxygen
is found in its place. If new quantities of carbonic
acid gas be supplied, the same result occurs; so
that carbon is added to plants from the air by the
process of vegetation in sunshine; and oxygen is
added to the atmosphere.

This circumstance is proved by a number of
experiments made by Drs. Priestley, Ingenhousz,
and Woodhouse, and M. T. de Saussure ; many of
which I have repeated with similar results. The
absorption of carbonic acid gas and the produc-
tion of oxygen are performed by the leaf; and
leaves recently separated from the tree effect the
change, when confincd in portions of air contain-
ing carbonic acid; and absorb carbonic acid and
produce oxygen, even when immersed in water
holding carbonic acid in solution.

The carbonic acid is probably absorbed by the
fluids in the cells of the green or parenchymatous
part of the leaf’; and it is from this part that oxy-
gen gas is produced during the presence of light.
M. Sennebier found that the leaf, from which the
epidermis was stripped off, continued to produce
oxygen when placed in water containing carbonic
acid gas, and the globules of air rose from the de-
nuded parenchyma; and it is shown both from
the experiments of Sennebier and Woodhouse,
that the leaves most abundant in parenchymatous
parts produce most oxygen in wate1 impregnated
with carbonic acid.
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Sogie few plants * will vegetate in an artificial
atmoSphere, consisting principally of carbonic acid,
and many will grow for some time in air contain-
ing from one half to one third ; but they are not so
healthy as when supplied with smaller quantities of
this elastic substance.

Plants exposed to light have been found to pro-
duce oxygen gas in an elastic medium and in
water containing no carbonic acid gas; but in
quantities much smaller than when carbonic acid
gas was present.

In the dark, no oxygen gasis produced by
plants, whatever be the elastic medium to which
they are exposed ; and no carbonic acid absorbed.
In most cases, on the contrary, oxygen gas, if it
be present, is absorbed, and carbonic acid gas is
produced.

In the changes that take place in the composition
of the organised parts it is probable that saccharine
compounds are principally formed during the ab-
sence of light; gum, woody fibre, oils, and resins,
during its presence ; and the cvolution of carbonic
acid gas, or its formation during the night, may be
necessary to give greater solubility to certain com-
pounds in the plant. I once suspected that all the
carbonic acid gas, produced by plants in the night,
or in shade, might be owing to the decay of some
part of the leaf, or epidermis; but the recent ex-
periments of Mr. D. Ellis are opposed to this idea ;
and I found that a perfectly healthy plant of celery,

* 1 found the Arenaria tenuifolia to produce oxygen in car-
bonic acid, which was nearly pure.
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placed in a given portion of air for a few Bburs
only, occasioned a production of carbonic acid gas,
and an absorption of oxygen.

Some persons have supposed that plants exposed
in the free atmosphere to the vicissitudes of sun-
shine and shade, light and darkness, consume more
oxygen than they produce, and that their permaa
nent agency upon air is similar to that of animals ;
and this opinion is espoused by the writer on
the subject I have just quoted, in his ingenious
researches on vegetation. But all experiments
brought forwards in favour of this idea, and parti-
cularly his experiments, have been made under
circumstances unfavourable to accuracy of result.
The plants have been confined and supplied with
food in an unnatural manner; and the influence of
light upon them has been very much diminished by
the nature of the media through which it passed.
Plants confined in limited portions of atmospheric
air soon become diseased ; their leaves decay, and
by their decomposition they rapidly destroy the
oxygen of the air. In some of the early experi-
ments of Dr. Priestley, before he was acquainted
with the agency of light upon leaves, air that had
supported combustion and respiration, was found
purified by the growth of plants when they were
exposed in it for successive days and nights ; and
his experiments are the more unexceptionable, as
the plants, in many of them, grew in their natural
states; and shoots, or branches from them, only
were introduced through water into the confined.
atmosphere.

I have made some few resealches on this sub-

L)
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ject,’and I shall describe their results. On the
12th of July, 1800, I placed a turf four inches
square, clothed with grass, principally meadow
fox-tail, and white clover, in a porcelain dish,
standing in a shallow tray filled with water; I then
covered it with a jar of flint glass, containing 380
cubical inches of common air in its natural state.
It was exposed in a garden, so as to be liable to
the same changes with respect to light as in the
common air. On the 20th of July the results were
examined. There was an increase of the volume
of the gas, amounting to fifteen cubical inches;
but the temperature had changed from 64° to 71°;
and the pressure of the atmosphere, which on the
12th had been equal to the support of 301 inches
of mercury, was now equal to that of 80-2. Some
of the leaves of the white clover, and of the fox-
tail were yellow, and the whole appearance of the
grass less healthy than when it was first introduced.
A cubical inch of the gas, agitated in lime-water,
gave a slight turbidness to the water; and the
absorption was not quite ;1 of its volume: 100
parts of the residual gas exposed to a solution of
green sulphate of iron, impregnated with nitrous
gas, a substance which rapidly absorbs oxygen
from air, occasioned a diminution to 80 parts;
100 parts of the air of the garden occasioned a
diminution to 79 parts.

If the results of this experiment be calculated
upon, it will appear that the air had been slightly
deteriorated by the action of the grasses. But the
weather was unusually cloudy during the progress
of the experiment; the plants had not been sup-
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plied in a natural manner with carbonic acid gas;
and the quantity formed during the night, and by
the action of the faded leaves, must have been
partly dissolved by the water ; and that this was
actually the case, I proved by pouring lime-water
into the water, when an immediate precipitation
was occasioned. The increase of azote I am in-
clined to attribute to common air disengaged from
the water.

The following experiment I consider as conducted
under circumstances more analogous to those exist-
ing in nature. A turf four inches square, from an
irrigated mecadow, clothed with common meadow
grass, meadow fox-tail grass, and vernal meadow
grass, was placed in a porcelain dish, which swam
on the surface of water impregnated with carbonic
acid gas. A vessel of thin flint glass, of the ca-
pacity of 230 cubical inches, having a funnel fur-
nished with a stop-cock inserted in the top, was
made to cover the grass; and the apparatus was
exposed in an open place; a small quantity of wa-
ter was daily supplied to the grass by means of the
stop-cock.* Every day likewise a certain quantity
of water was removed by a siphon, and water satu-
rated with carbonic acid gas was supplied in its
place; so that it may be presumed that a small
quantity of carbonic acid gas was constantly present
in the receiver. On the 7th of July, 1807, the
first day of the experiment, the weather was cloudy
in the morning, but fine in the afternoon ; the
thermometer at 67, the barometer 30'2: towards

* See Fig. 17,
r 3
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the evening of this day a slight increase of the gas
was perceived : the next three days were bright;
but in the morning of the 11th the sky was clouded ;
a considerable increase of the volume of the gas
was now observed: the 12th was cloudy, with
gleams of sunshine ; there was still an increase, but
less than in the bright days: the 13th was bright.
About nine o’clock a.M. on the 14ih, the receiver
was quite full ; and considering the original quan-
tity in the jar, it must have been increased by at
least 80 cubical inches of elastic fluid: at times
during this day globules of gas escaped. At ten
on the morning of the 15th, I examined a portion
of the gas; it contained less than #; of carbonic
acid gas: 100 parts of it exposed to the impreg-
nated solution left only 75 parts; so that the air
was four per cent. purer than the air of the atmo-
sphere.

I shall detail another similar experiment made
with equally decisive results. A shoot from a vine,
having three healthy leaves belonging to it, at-
tached to its parent tree, was bent so as to be placed
under the receiver which had been used in the last
experiment ; the water confining the common air
was kept in the same manner impregnated with
carbonic acid gas : the experiment was carried on
from August 6th, till August 14th, 1807 ; during
this time, though the weather had been generally
clouded, and there had been some rain, the volume
of elastic fluid continued to increase. Its quality
was examined on the morning of the 15th; it con-
tained #; of carbonic acid gas, and 100 parts of it
afforded 235 of oxygen gas.
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These facts confirm the popular opinion, that
when the leaves of vegetables perform their healthy
functions, they tend to purify the atmosphere in the
common variations of weather, and changes from
light to darkness.

In germination, and at the time of the decay of
the leaf, oxygen must be absorbed ; but when it
is considered how large a part of the surface of the
earth is clothed with perennial grasses, and that
half' of the globe is always exposed to the solar
light, it appears by far the most probable opinion,
that more oxygen is produced than consumed
during the process of vegetation ; and that it is this
circumstance which is the principal cause of the
uniformity of the constitution of the atmosphere.

Animals produce no oxygen gas during the ex-
ercise of any of their functions, and they are con-
stantly consuming it; but the extent of the animal,
compared to that of the vegetable kingdom is very
small ; aud the quantity of carbonic acid gas pro-
duced in respiration, and in various processes of
compustion and fermentation, bears a proportion
extremely minute to the whole volume of the at-
mosphere : if every plant during the progress of its
life makes a very small addition of oxygen to the
air, and occasions a very small consumption of car-
bonic acid, the effect may be conccived adequate
to the wants of nature.

It may occur as an objection to these views, that
if the leaves of plants purify the atmosphere, to-
wards the end of autumn, and through the winter,
and early spring, the air in our climates must be-
come impure, the oxygen in it diminish, and the

P 4
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carbonic acid gas increase, which is not the case;
but there is a very satisfactory answer to this ob-
Jjection. The different parts of the atmosphere are
constantly mixed together by winds, which, when
they are strong, move at the rate of from GO to
100 miles in an hour. In our winter, the south-
west gales convey air which has been purified by
the vast forests and savannahs of South America,
and which, passing over the ocean, arrives in an
uncontaminated state. The storms and tempests
which often occur at the beginning, and towards
the middle of our winter, and which generally blow
from the same quarter of the globe, have a salutary
influence. By constant agitation and motion, the
equilibrium of the constituent parts of the atmo-
sphere is preserved; it is fitted for the purposes
of life ; and those events which the superstitious
formerly referred to the wrath of Heaven, or the
agency of evil spirits, and in which they saw only
disorder and confusion, are demonstrated, by
science, to be ministrations of Divine Intelligence,
and connected with the order and harmony of our
system.

I have reasoned, in a former part of this Lecture,
against the close analogy which some persons have
assumed between the absorption of oxygen and the
formation of carbonic acid gas in germination, and
in the respiration of the foetus. Similar arguments
will apply against the pursuit of this analogy, be-
tween the functions of the leaves of the adult plant,
and those of the lungs of the adult animal. Plants
grow vigorously only when supplied with light;
and most species die if deprived of it. It cannot
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be supposed that the production of oxygen from
the leaf, which is known to be connected with its
natural colour, is the exertion of a diseased function,
or thatit can acquire carbon in the day-time, when
it is in most vigorous growth, when the sap is
rising, when all its powers of obtaining nourish-
ment are exerted, merely for the purpose of giving
it off again in the night, when its leaves are closed,
when the motion of the sap is imperfect, and when
it is in a state approaching to that of quiescence.
Many plants that grow upon rocks, or soils, con-
taining no carbonic matter, can only be supposed
to acquire their charcoal from the carbonic acid
gas in the atmosphere; and the leaf may be con-
sidered at the same time as an organ of absorption,
and an organ in which the sap may undergo dif-
ferent chemical changes.

When pure water only is absorbed by the roots
of plants, the fluid, in passing into the leaves, will
probably have greater power to absorb carbonic
acid from the atmosphere. When the water is
saturated with carbonic acid gas, some of this sub-
stance, even in the sunshine, may be given off by
the leaves; but a part of it likewise will be always
decomposed, which has been proved by the experi-
ments of M. Sennebier.

When the fluid taken up by the roots of plants
contains much carbonaceous matter, it is probable
that plants may give off carbonic acid from their
leaves even in the sunshine. In short, the func-
tion of the leaf must vary according to the compos-
ition of the sap passing through it, and according
to the nature of the products which are formed
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from it. When sugar is to be produced, as in early
spring at the time of the developement of buds
and flowers, it is probable that less oxygen will be
given off than at the time of the ripening of the
seed, when starch, or gums, or oils, are formed ;
and the process of ripening the seed usually takes
place when the agency of the solar light is most
intense. When the acid juices of fruits become
saccharine in the natural process of vegetation,
more oxygen, there is every reason to believe,
must be given off, or newly combined, than at other
times ; for, as it was shown in the third Lecture,
all the vegetable acids contain more oxygen than
sugar. It appears probable, that in some cases in
which oily and resinous bodies are formed in vege-
tation, water may be decomposed; its oxygen set
free, and its hydrogen absorbed.

Mr. Berard, of Montpellier, has shown that fruits
in ripening convert the oxygen of the air into
carbonic acid ; and that the process of ripening
may be suspended by the exclusion of the fruit
from oxygen gas, and that it will go on again after
a certain interval of time. Unripe peaches, plums,
and apricots, may be preserved in close bottles,
filled with air deprived of oxygen, for from twenty
days to a month ; and pears and apples about three
months, when they will afterward ripen perfectly
by exposure to air.

I have already mentioned, that some plants pro-
duce oxygen in pure water. Dr. Ingenhousz found
this to be the case with species of the confervae. I
have tried the leaves of many plants, particularly
those that produce volatile oils, When such leaves
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are exposed in water saturated with oxygen gas,
oxygen is given off in the solar light; but the
quantity is very small, and always limited; nor have
I been able to ascertain with certainty whether
the vegetative powers of the leaf were concerned
in the operation, though it seems probablc. I ob-
tained a considerable quantity of oxygen in an
experiment made fifteen years ago, in which vine
leaves were exposed to pure water ; but on repeat-
ing the trial often since, the quantities have always
been very much smaller. I am ignorant whether
this difference is owing to the peculiar state of the
leaves, or to some confervee which might have ad-
hered to the vessel, or to other sources of fallacy.

The most important and most common products
of vegetables, mucilage, starch, sugar, and woody
fibre, are composcd of water, or the elements of
water in their due proportion, and charcoal; and
these, or some of them, exist in all plants : and the
decomposition of carbonic acid, and the combin-
ation of water in vegetable structures, are processes
which must occur almost universally.

When glutinous and albuminous substances exist
in plants, the azote they contain may be suspected
to be derived from the atmosphere : but no experi-
ments have been made which prove this; they might
easily be instituted upon mushrooms and funguses.

In cases in which buds are formed, or shoots
thrown forth from roots, oxygen appears to be
uniformly absorbed, as in the germination of seeds.
I exposed a small potatoe, moistened with common
water, to 24 cubical inches of atmospherical air, at
a temperature of 59°. It began to throw forth a
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shoot on the third day; when it was half an-inch
long I examined the air; nearly a cubical inch of
oxygen was absorbed, and about three fourths of
a cubical inch of carbonic acid formed. The juices
in a shoot separated from the potatoe had a
sweet taste; and the absorption of oxygen, and
the production of carbonic acid, were probably
connected with the conversion of a portion of
starch into sugar. When potatoes that have been
frozen are thawed, they become sweet; probably
oxygen is absorbed in this process; if so, the
change may be prevented by thawing them out of
the contact of air; under water, for instance, that
has been recently boiled.

In the tillering of corn, that is, the production
of new stalks round the original plume, there is
every reason to believe that oxygen must be ab-
sorbed ; for the stalk at which the tillering takes
place always contains sugar, and the shoots arise
from a part deprived of light. The drill hus-
bandry favours this process; for loose earth is
thrown by hoeing round the stalks : they are pre-
served from light, and yet supplied with oxygen.
I have counted from 40 to 120 stalks produced
from a grain of wheat, in a moderately good crop
of drilled wheat. And we are informed by Sir
Kenelm Digby, in 1660, that there was in the pos-
session of the Fathers of the Christian Doctrine at
Paris, a plant of barley, which they, at that time,
kept by them as a curiosity, and which consisted of
249 stalks springing from one root, or grain; and
in which they counted above 18,000 grains or seeds
of barley.
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The great increase which takes place in the
transplantation of wheat depends upon the circum-
stance, that each layer thrown out in tillering may
be removed, and treated as a distinct plant. Inthe
Philosophical Transactions, vol. lviii. p. 203., the
following statement may be found : Mr. C. Miller,
of Cambridge, sowed some wheat on the 2d of
June, 1766 ; and on the 8th of August, a plant was
taken and separated into 18 parts, and replanted ;
these plants were again taken up, and divided in
the months of September and October, and planted
separately to stand the winter, which division pro-
duced 67 plants. They were again taken up in
March and April, and produced 500 plants: the
number of ears thus formed from one grain of wheat
was 21,109, which gave three pecks and three
quarters of corn that weighed 471Ibs. 7 oz., and
that were estimated at 576,840 grains.

It is evident from the statements just given, that
the change which takes place in the juices of the
leaf' by the action of the solar light, must tend to
increase the proportion of inflammable matter to
their other constituent parts. And the leaves of
the plants that grow in darkness or in shady places
are uniformly pale; their juices arc watery and
saccharine, and they do not afford oils or resinous
substances. I shall detail an experiment on this
subject.

I took an equal weight, 400 grains, of the leaves
of two plants of endive; one bright green, which
had grown fully exposed to light, and the other
almost white, which had been secluded from light
by being covered with a box; after being both



222

acted upon for some time by boiling water, in the
state of pulp, the undissolved matter was dried, and
exposed to the action of warm alcohol. The matter
from the green leaves gave it a tinge of olive : that
from the pale leaves did not alter its colour.
Scarcely any solid matter was produced by evapor-
ation of the alcohol that had been digested on the
pale leaves: whereas by the evaporation of that
from the green leaves a considerable residuum was
obtained ; five grains of which were separated from
the vessel in which the evaporation was carried on ;
they burnt with flame, and appeared partly matter
analogous to resin : 58 grains of woody fibre were
obtained from the green leaves, and only 31 from
the pale leaves.

It has been mentioned in the Third Lecture,
that the sap probably, in common cases, descends
from the leaves into the bark ; the bark is usually
so loose in its texture, that the atmosphere may
possibly act upon it in the cortical layers; but the
changes taking place in the leaves appear sufficient
to explain the difference between the products
obtained from the bark and from the alburnum;
the first of which contains more carbonaccous
matter than the last.

When the similarity of the elements of different
vegetable products is considered according to the
views given in the Third Lecture, it is easy to con-
ceive how the different organised parts may be
formed from the same sap, according to the manner
in which it is acted on by heat, light, and air. By
the abstraction of oxygen, the different inflammable
products, fixed and volatile oils, resins, camphor,
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woody fibre, &c. may be produced from saccharine
or mucilaginous fluids ; and by the abstraction of
carbon and hydrogen, starch, sugar, the different
vegetable acids and substances soluble in water,
may be formed with highly combustible and inso-
luble substances. Even the limpid volatile oils
which convey the fragrance of the flower, consist
of different proportions of the same essential ele-
ments as the dense woody fibre; and both are
formed by different changes in the same organs,
from the same materials, and at the same time.

M. Vauquelin has lately attempted to estimate
the chemical changes taking place in vegetation,
by analyzing some of the organised parts of the
horse-chesnut in their different stages of growth.
He found in the buds collected, March 7. 1812,
tanning principle, and albuminous matter capable
of being obtained separately, but, when obtained,
combining with each other. In the scales sur-
rounding the buds, he found the tanning principle,
a little saccharine matter, resin, and a fixed oil, In
the leaves fully developed, he discovered the same
principles as iu the buds; and in addition, a pecu-
liar green resinous matter. The petals of the
flower yiclded a yellowish resin, saccharine matter,
albuminous matter, and a little wax : the stamina
afforded sugar, resin, and tannin.

The young chesnuts examined immediately after
their formation afforded a large quantity of a matter
which appeared to be a combination of albuminous
matter and tannin. All the parts of the plant
afforded saline combinations of the acetic and
phosphoric acids.



M. Vauquelin could not obtain a sufficient quan-
tity of the sap of the horse-chesnut for examin-
ation, a circumstance much to be regretted; and
he has not stated the relative quantities of the
different substances in the buds, leaves, flowers,
and seeds. It is probable, however, from his un-
finished details, that the quantity of resinous matter
is increased in the leaf, and that the white fibrous
pulp of the chesnut is formed by the mutual action
of albuminous and astringent matter, which pro-
bably are supplied by different cells or vessels. I
have already mentioned * that the cambium, from
which the new parts in the trunk and branches
appear to be formed, probably owes its power of
consolidation to the mixture of two different kinds
of sap; one of which flows upwards from the
roots, and the other of which probably descends
from the leaves. I attempted, in May 1804, at the
time the cambium was forming in the oak, to ascer-
tain the nature of the action of the sap of the
alburnum upon the juices of the bark. By per-
forating the alburnum in a young oak, and applying
an exhausting syringe to the aperture, I easily
drew out a small quantity of sap. I could not,
however, in the same way obtain sap from the
bark. I was obliged to recur to the solution of its
principles in water, by infusing a small quantity of
fresh bark in warm water; the liquid obtained in
this way was highly coloured and astringent ; and
produced an immediate precipitate in the alburnous
sap, the taste of which was sweetish, and slightly
astringent, and which was colourless.

* Page 140.
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The increase of trees and plants must depend
upon the quantity of sap which passes into their
organs ; upon the quality of this sap; and on its
modification by the principles of the atmosphere.
Water, as it is the vehicle of the nourishment of
the plant, is the substance principally given off by
the leaves. Dr. Hales found that a sunflower, in
one day of twelve hours, transpired by its leaves
one pound fourteen ounces of water, all of which
must have been imbibed by its roots.

The powers which cause the ascent of the sap
have been slightly touched upon in the Second and
Third Lectures. The roots imbibe fluids from the
soil by capillary attraction; but this power alone
is insufficient to account for the rapid elevation of
the sap into the leaves. This is fully proved by
the following fact detailed by Dr. Hales, vol. i. of
the Vegetable Statics, page 114. : — A vine branch
of four or five years old was cut through, and a
glass tube carefully attached to it; this tube was
bent as a siphon, and filled with quicksilver; so
that the force of the ascending sap could be mea-
sured by its effect in elevating the quicksilver. In
a few days it was found that the sap had been
propelled forwards with so much force as to raise
the quicksilver to 38 inches, which is a force con-
siderably superior to that of the usual pressure of
the atmosphere. Capillary attraction can only be
exerted by the surfaces of small vessels, and can
never raise a fluid into tubes above the vessels
themselves.

I referred in the beginning of the Third Lecture
to Mr. Knight’s opinion, that the ‘contractions and
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expansions of the silver grain in the alburnum are
the most efficient cause of the ascent of the fluids
contained in its pores and vessels. The views of
this excellent physiologist are rendered extremely
probable by the facts he has brought forwards in
support of them. Mr. Knight found that a very
small increase of temperature was sufficient to
cause the fibres of the silver grain to separate from
each other, and that a very slight diminution of
heat produced their contraction. The sap rises
most vigorously in spring and autumn, at the time
the temperature is variable ; and if it be supposed
that, in expanding and contracting, the elastic fibres
of the silver grain exercise a pressure upon the
cells and tubes containing the fluid absorbed by the
capillary attraction of the roots, this fluid must con-
stantly move upwards towards the points where a
supply is needed.

The experiments of Montgolfier, the celebrated
inventor of the balloon, have shown that water
may be raised almost to an indefinite height by a
very small force, provided its pressure be taken off
by continued divisions in the column of fluid. This
principle, there is great reason to suppose, must
operate in assisting the ascent of the sap in the
cells and vessels of plants which have no rectilineal
communication, and which every where oppose ob-
stacles to the perpendicular pressure of the sap.

The changes taking place in the leaves and buds,
and the degree of their power of transpiration, must
be intimately connected likewise with the motion
of the sap upwards. This is shown by several ex-
periments of Dr. Hales.
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A branch from an apple-tree was separated and
introduced into water, and connected with a mer-
curial gauge. When the leaves were upon it, it
raised the mercury by the force of the ascending
Jjuices to four inches; but a similar branch, from
which the leaves were removed, scarcely raised it a
quarter of an inch.

Those trees, likewise, whose leaves are soft and
of a spongy texture, and porous at their upper sur-
faces, displayed by far the greatest powers with
regard to the elevation of the sap.

The same accurate philosopher whom I have
Jjust quoted found that the pear, quince, cherry,
walnut, peach, gooseberry, water-elder, and syca-
more, which have all soft and unvarnished leaves,
raised the mercury under favourable circumstances
from three to six inches. Whereas the elm, oak,
chesnut, hazel, sallow, and ash, which have firmer
and more glossy leaves, raised the mercury only
from one to two inches. And the evergreens, and
trees bearing varnished leaves, scarcely at all
affected it ; particularly the laurel and the laurus-
tinus.

1t will be proper to mention the facts which
show, that in many cases fluids descend through
the bark. Mr. Knight has shown, in the Philo-
sophical Transactions, that long strips of bark,
every where detached from the alburnum of the
tree, except at their upper ends, deposited as
much alburnum as they could have done, if they
had retained their natural position. In these cases,
the sap must have descended through the bark
wholly.

o2
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M. Baisse placed branches of different trees in
an infusion of madder, and kept them there for a
long time. He found, in all cases, that the wood
became red before the bark; and that the bark
began to receive no tinge till the whole of the
wood was coloured, and till the leaves were af-
fected ; and that the colouring matter first appeared
above, in the bark immediately in contact with the
leaves.

Similar experiments were made by M. Bonnet,
and with analogous results, though not so perfectly
distinct as those of M. Baisse.

Du Hamel found, that in different species of
the pine and other trees, when strips of bark were
removed, the upper part of the wound only emitted
fluid, whilst the lower part remained dry.

This may likewise be observed in the summer in
fruit trees, when the bark is wounded, the alburnum
remaining untouched.

The motion of the sap through the bark seems
principally to depend upon gravitation. When the
watery particles have been considerably dissipated
by the transpiring functions of the leaves, and the
mucilaginous, inflammable, and astringent con-
stituents, increased by the agency of heat, light,
and air, the continued impulse upwards from the
alburnum forces the remaining inspissated fluid
into the cortical vessels, which receive no other
supply. In these, from its weight, its natural
tendency must be to descend ; and the rapidity of
the descent must depend upon the general con-
sumption of the fluids of the bark in the living
processes of vegetation ; for there is every reason
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to believe that no fluid passes into the soil through
the roots; and it is impossible to conceive a free
lateral communication between the absorbent ves-
sels of the alburnum in the roots, and the trans-
porting or carrying vessels of the bark ; for if such
a communication existed, there is no reason why
the sap should not rise through the bark as well as
through the alburnum; for the same physical
powers would then operate upon both.

Some authors have supposed that the sap rises in
the alburnum, and descends through the bark, in
consequence of a power similar to that which pro-
duces the circulation of the blood in animals; a
force analogous to the muscular force in the sides
of the vessels.

This analogy has, however, in general, been too
much insisted upon and too loosely stated; there are
undoubtedly resemblances more or less remote in
every part of created nature; but the irritability
of the muscular fibre in animals and the contracti-
bility of the vascular system in plants appear to
depend upon entirely different causes.

In crystallization, or the regular arrangement of
inorganic substances, there is a constant increase
of matter from the attraction and juxtaposition of
like parts or molecules. In vegetation a germ ex-
pands by the assimilation of a variety of new ali-
ments, and by powers entirely different trom those
of common inorganic matter; but there seems to
be no system of nerves, as in animals, which is
essential to irritability. We know so little of the
refined powers and properties of matter, that we
can give little more than vague hypotheses as to

Q3
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the cause of the movement of the fluids in the
vegetable cells or tubes ; yet it is impossible not to
allow common material agents a much greater share
in producing this phenomenon, than they exercise
in animal life.

Whoever will peruse any considerable part of
the Vegetable Statics of Hales, must receive a
deep impression of the dependence of the motion
of the sap upon physical causes. In the same
tree, this sagacious person observed that in a cold
cloudy morning, when no sap ascended, a sudden
change was produced by a gleam of sunshine of
half an hour, and a vigorous motion of the fluid.
The alteration of the wind from south to the north
immediately checked the effect. On the coming
on of a cold afternoon after a hot day, the sap
that had been rising began to fall. A warm shower
and a sleet storm produced opposite effects.

Many of his observations likewise show that the
different powers which act on the adult tree, pro-
duce different effects at different seasons.

Thus in the early spring, before the buds expand,
the variations of the temperature, and changes of
the state of the atmosphere with regard to moist-
ure and dryness, exert their great effects upon the
expansions and contractions of the vessels; and
then the tree is in what is called by gardeners its
bleeding season.

When the leaves are fully expanded, the great
determination of the sap is to these new organs.
And hence a tree which emits sap copiously from
a wound whilst the buds are opening, will no longer
emit it in summer when the leaves are perfect;
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but in the variable weather, towards the end of
autumn, when the leaves are falling, it will again
possess the power of bleeding in a very slight
degree in the warmest days: but at no other
times.

In all these circumstances there is nothing truly
analogous to the irritable action of animal sys-
tems.

In animal systems the heart and arteries are in
constant pulsation. Their functions are unceasingly
performed in all climates, and in all seasons; in
winter, as well as in spring ; upon the arctic snows,
and under the tropical suns. They neither cease
in the periodical nocturnal sleep, common to most
animals; nor in the long sleep of winter, peculiar
to a few species. The power is connected with
animation, is limited to beings possessing the means
of voluntary locomotion ; it co-exists with the first
appearance of vitality ; it disappears only with the
last spark of life.

As the operation of the different physical agents
upon the sap vessels of plants ceases, and the fluid
becomes quiescent, the materials dissolved in it by
heat are deposited in the cells of the alburnum ;
and in consequence of this deposition, a nutritive
matter is provided for the first wants of the plant
in early spring, to assist the opening of the buds,
and their expansion, when the motion from the
want of leaves is as yet feeble.

This beautiful principle in the vegetable economy
was first pointed out by Dr. Darwin; and Mr.
Knight has given a number of experimental eluci-
dations of it. ‘

Q 4
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. Mr. Knight made numerous incisions into the
alburnum of the sycamore and the birch, at different
heights ; and in examining the sap that flowed from
them, he found it more sweet and mucilaginous in
proportion as the aperture from which it flowed
was elevated ; which he could ascribe to no other
cause than to its having dissolved sugar and
mucilage, which had been stored up through the
winter.

He examined the alburnum in different poles of
oak in the same forest; of which some had been
felled in winter, and others in summer; and he
always found most soluble matter in the wood
felled in winter, and its specific gravity was like-
wise greater.

In all perennial trees this circumstance takes
place; and likewise in grasses and shrubs. The
joints of the perennial grasses contain more saccha-
rine and mucilaginous matter in winter than at any
other season ; and this is the reason why the fiorin
or Agrostis alba, which abounds in these joints,
affords so useful a winter food.

The roots of shrubs contain the largest quantity
of nourishing matter.in the depth of winter; and
the bulb in all plants possessing it is the receptacle
in which nourishment is hoarded up during winter.

In annual plants the sap seems to be fully ex-
hausted of all its nutritive matter by the production
of flowers and seeds; but if parts of annual plants,
having leaves and buds, be detached and kept, so
that they do not expend themselves by affording
blossoms or seeds, the same individual life may be
preserved through many years. It appears, there-
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fore, as Mr. Knight observes, to be habit only, not
life, that is annual in such plants.

When perennial grasses are cropped very close
by feeding cattle late in autumn, it has been often
observed by farmers that they never rise vigorously
in the spring; and this is owing to the removal of
that part of the stalk which would have afforded
them concrete sap, their first nourishment.

Ship-builders prefer for their purposes that kind
of oak-timber afforded by trees that have had their
bark stripped off in spring, and which have been
cut in the autumn or winter following. The reason
of the superiority of this timber is, that the con-
crete sap is expended in the spring in the sprouting
of the leaf'; and the circulation being destroyed,
it is not formed anew ; and the wood having its
pores free from saccharine matter, is less liable to
undergo fermentation from the action of moisture
and air.

In perennial trees a new alburnum, and conse-
quently a new system of vessels, is annually
produced, and the nutriment for the next year de-
posited in them; so that the new buds, like the
plume of the seed, are supplied with a reservoir of
matter essential to their first developement.

The old alburnum gradually loses its vascular
structure, and, being constantly pressed upon by
the expansive force of the new fibres, becomes
harder, denser, and at length becomes heart-wood ;
and in a certain time obeys the common laws of
dead matter, decays, decomposes, and is converted
into aériform and carbonic elements; into those
principles from which it was originally formed.
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The decay of the heart-wood seems to consti-
tute the great limit to the age and size of trees.
And in young branches from old trees, it is much
more liable to decompose than in similar branches
from seedlings. This is likewise the case with
grafts. The graft is only nourished by the sap of
the tree to which it is transferred; its properties
are not changed by it: the leaves, blossoms, and
fruits are of the same kind as if it had vegetated
upon its parent stock. The only advantage to be
gained in this way, is the affording to a graft from
an old tree a more plentiful and healthy food than
it could have procured in its natural state; it is
rendered for a time more vigorous, and produces
fairer blossoms and richer fruits. But it partakes
not merely of the obvious properties, but likewise
of the infirmities and disposition to old age and
decay, of the tree whence it sprung.

This seems to be distinctly shown by the observ-
ations and experiments of Mr. Knight. He has,
in a number of instances, transferred the young
scions and healthy shoots from old esteemed fruit-
bearing trees to young seedlings. They flourished
for two or three years ; but they soon became dis-
eased and sickly, like their parent trees.

It is from this cause that so many of the apples
formerly celebrated for their taste and their uses in
the manufacture of cyder are gradually deterior-
ating, and many will soon disappear. The red
streak, and the moil, so excellent in the beginning
of the last century, are now in the extremest stage
of their decay; and however carefully they are
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ingrafted, they merely tend to multiply a sickly
and exhausted variety.*

The trees possessing the firmest and the least
porous heart-wood are the longest in duration.

In general, the quantity of charcoal afforded by
woods offers a tolerably accurate indication of their
durability : those most abundant in charcoal and
earthy matter are most permanent; and those that
contain the largest proportion of gaseous elements
are the most destructible.

Amongst our own trees, the chesnut and the oak
are pre-eminent as to durability ; and the chesnut
affords rather more carbonaceous matter than the
oak.

In old Gothic buildings these woods have been
sometimes mistaken one for the other; but they
may be easily known by this circumstance, that the
pores in the alburnum of the oak are much larger
and more thickly set, and are easily distinguished ;
whilst the pores in the chesnut require glasses to
be seen distinctly.

In consequence of the slow decay of the heart-

* This opinion relative to the loss of varieties of fruit-bearing
trees is not in accordance with the views ot M. De Candolle on
the subject of the length of life of trees; viz. that, excluding acci-
dents and disease, it is unlimited. Much deference is due to so
high an authority; and, assuredly, the doctrine of Mr. Knight,
referred to above, should not be received and acted on by prac-
tical men, unless clearly demonstrated to be true, because, if
taken for granted, it will necessarily lead to the neglect of old
varieties of fruit-trees, on the idea that they are in the decline
and decrepitude of age, and about to die. Vide Physiologie Vé-
gétale, liv. 4. chap. xi., where the subject is most ingeniously
discussed. —J. D. ’
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wood of the oak and chesnut, these trees, under
favourable circumstances, attain an age which can-
not be much short of 1000 years.

The beech, the ash, and the sycamore, most
likely never live half as long. The duration of the
apple-tree is not, probably, much more than 200
years ; but the pear-tree, according to Mr. Knight,
lives through double this period. Most of our
best apples are supposed to have been introduced
into Britain by a fruiterer of Henry the Eighth,
and they are now in a state of old age.

The oak and chesnut decay much sooner in a
moist situation than in a dry and sandy soil ; and
their timber is less firm. The sap vessels in such
cases are more expanded, though less nourishing
matter is carried into them; and the general tex-
ture of the formations of wood necessarily less firm.
Such wood splits more easily, and is more liable
to be affected by variations in the state of the
atmosphere.

The same trees, in general, are much longer-
lived in the northern than in the southern climates.
The reason seems to be, that all fermentation and
decomposition are checked by cold; and at very
low temperatures both animal and vegetable matters
altogether resist putrefaction: and in the northern
winter, not only vegetable life, but likewise vege-
table decay, must be at a stand.

The antiputrescent quality of cold climates is
fully illustrated in the instances of the rhinoceros
and mammoth, lately found in Siberia, entire be-
neath the frozen soil, in which they must probably
have existed from the time of the deluge. I exa-
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mined a part of the skin-of the mammoth sent to
this country, on which there was some coarse hair ;
it had all the chemical characters of recently dried
skin.

Trees that grow in situations much exposed to
winds, have harder and firmer wood than such as
are considerably sheltered. The dense sap is de-
termined by the agitation of the smaller branches
to the trunk and larger branches, where the new
alburnum formed is consequently thick and firm.
Such trees abound in the crooked limbs fitted for
forming knee-timber, which is necessary for joining
the decks and the sides of ships. The gales in
elevated situations gradually act so as to give the
tree the form best calculated to resist their effects.
And the mountain oak rises robust and sturdy;
fixed firmly in the soil, and able to oppose the full
force of the tempest.

The decay of the best varieties of fruit-bearing
trees which have been distributed through the
country by grafts, is a circumstance of great im-
portance. There is no mode of preserving them;
and no resource, except that of raising new varie-
ties by seeds.

Where a species has been ameliorated by culture,
the seeds it affords, other circumstances being si-
milar, produce more vigorous and perfect plants;
and in this way the great improvements in the pro-
duction of our fields and gardens seem to have been
occasioned.

Wheat, in its indigenous state, as a natural pro-
duction of the soil, appears to have been a very
small grass; and the case is still more remarkable
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with the apple and the plum. The crab seems to
have been the parent of all our apples. And two
fruits can scarcely be conceived more different, in
colour, size, and appearance, than the wild plum
and the rich magnum bonum.

The seeds of plants exalted by cultivation always
furnish large and improved varieties ; but the fla-
vour, and even the colour of the fruit, seems to be
a matter of accident. Thus a hundred seeds of
the golden pippin will all produce fine large-leaved
apple-trees, bearing fruit of a considerable size;
but the tastes and celours of the apples from each
will be different, and none will be the same in kind
as those of the pippin itself. Some will be sweet,
some sour, some bitter, some mawkish, some aro-
matic ; some yellow, some green, some red, and
some streaked. All the apples will, however, be
much more perfect than those from the seeds of a
crab, which produce trees all of the same kind,
and all bearing sour and diminutive fruit.

The power of the horticulturist extends only to
the multiplying excellent varieties by grafting.
They cannot be rendered permanent ; and the good
fruits at present in our gardens are the produce of
a few seedlings, selected probably from hundreds
of thousands ; the results of great labour and in-
dustry, and multiplied experiments.

The larger and thicker the leaves of a seedling,
and the more expanded its blossoms, the more it is
likely to produce a good variety of fruit. Short-
leaved trees should never be selected ; for these ap-
proach nearer to the original standard : whereas the
other qualities indicate the influence of cultivation.
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In the general selection of seeds, it would appear
that those arising from the most highly cultivated
varieties of plants, are such as give the most
vigorous produce; but it is necessary from time
to time to change, and, as it were, to cross the
breed.

By applying the pollen, or dust of the stamina,
from one variety to the pistil of another of the
same species, a new variety may be easily pro-
duced; and Mr. Knight’s experiments seem to
warrant the idea that great advantages may be de-
rived from this method of propagation.

Mr. Knight’s large peas, produced by crossing
two varieties, are celebrated amongst horticul-
turists, and will, I hope, soon be cultivated by
farmers.

I have seen several of his crossed apples, which
promise to rival the best of those which are gra-
dually dying away in the cyder countries.

And his experiments on the crossing of wheat,
which is very easily effected, merely by sowing
the different kinds together, lead to a result which
is of considerable importance. He says, in the
Philosophical Transactions for 1799, ¢ In the years
1795 and 1796, when almost the whole crop of
corn in the island was blighted, the varieties ob-
tained by crossing alone escaped, though sown in
several soils, and in very different situations.”

The processes of gardening for increasing the
number of fruit-bearing branches, and for improv-
ing the fruit upon particular branches, will all admit
of elucidation from the principles that have been
advanced in this Lecture.
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By making trees espaliers, the force of gravity is
particularly directed towards the lateral parts of
the branches, and more sap determined towards
the fruit buds: and hence they are more likely to
bear when in a horizontal than when in a vertical
position.

The twisting of a wire, or tying a thread round
a branch, has been often recommended as a means
of making it produce fruit. In this case the de-
scent of the sap in the bark must be impeded above
the ligature; and more nutritive matter conse-
quently retained and applied to the expanding
parts.

In engrafting, the vessels of the bark of the
stock and the graft cannot so perfectly come in
contact as the alburnous vessels, which are much
more numerous, and equally distributed ; hence
the circulation downwards is probably impeded,
and the tendency of the graft to evolve its fruit-
bearing buds increased.

In transplanting trees, if their size is at all con-
siderable, they should be stripped of a portion of
their branches and leaves by cutting ; for they
must in the process of removal from the soil lose a
great part of their roots and fine radical fibres ; and
supposing all their leaves remaining, they would
die from exhaustion of their moisture by the great
evaporating surface.

By lopping trees more nourishment is supplied
to the remaining parts ; for the sap flows laterally
as well as perpendicularly. The same reasons will
apply to explain the increase of the size of fruits
by diminishing the number upon a tree.
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As plants are capable of amelioration by peculiar
methods of cultivation, and of having the natural
term of their duration extended ; so, in conformity
to the general law of change, they are rendered un-
healthy by being exposed to peculiarly unfavour-
able circumstances, and liable to premature old
age and decay.

The plants of' warm climates transported into
cold ones, or of cold ones transported into warm
ones, if not absolutely destroyed by the change of
situation, are uniformly rendered unhealthy.

Few of the tropical plants, as is well known,
can be raised in this country, except in hot-houses.
The vine during the whole of our summer may be
said to be in a feeble state with regard to health ;
and its fruit, except in very extraordinary cases,
always contains a superabundance of acid. The
gigantic pine of the north, when transported into
the equatorial climates, becomes a degenerated
dwarf; and a great number of instances of the
same kind might be brought forward.

Much has been written, and many very ingeni-
ous remarks have been made by different philoso-
phers, upon what have been called the habits of
plants. Thus, in transplanting a tree, it dies or
becomes unhealthy, unless its position with respect
to the sun is the same as before. The seeds brought
from warm climates germinate here much more
early in the season than the same species brought
from cold climates. 'The apple-tree from Siberia,
where the short summer of three months immedi-
ately succeeds the long winter, in England, usually
puts forth its blossoms in the first year of its trans-
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plantation, on the appearance of mild weather;
and is often destroyed by the late frosts of the
spring.

It is not difficult to explain this principle so in-
timately connected with the healthy or diseased
state of plants. The organisation of the germ,
whether in seeds or buds, must be different, ac-
cording as more or less heat or alternations of
heat and cold have affected it during its formation ;
and the nature of its expansion must depend
wholly on this organisation. In a changeable cli-
mate the formations will have been interrupted,
and in different successive layers. In an equal
temperature they will have been uniform ; and the
operation of new and sudden causes will of course
be severely felt.

The disposition of trees may, however, be
changed gradually in many instances; and the
operation of a new climate in this way be made
supportable. The myrtle, a native of the south
of Europe, inevitably dies if exposed in the early
state of its growth to the frosts of our winter ; but
if kept in a green-house during the cold season for
successive years, and gradually exposed to low
temperatures, it will, in an advanced stage of
growth, resist even a very severe cold. And in
the south and west of England the myrtle flou-
rishes, produces blossoms and seeds, in conse-
quence of this process, as an unprotected standard
tree; and the layers from such trees are much
more hardy than the layers from myrtles reared
within doors.

The arbutus, probably originally from similar
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cultivation, has become the principal ornament of
the lakes of the south of Ireland. It thrives even
in bleak mountain situations; and there can be
little doubt but that the offspring of this tree,
inured to a temperate climate, might be easily
spread in Britain.

The same principles that apply to the effects of
heat and cold will likewise apply to the influence
of moisture and dryness. The layers of a tree
habituated to a moist soil will die in a dry one;
even though such a soil is more favourable to the
general growth of the species. And, as was stated
page 181., trees that have been raised in the centre
of woods are sooner or later destroyed, if exposed
in their adult state to blasts, in consequence of the
felling of the surroundmg timber.

Trees, in all cases in which they are exposed in
high and open situations to the sun, the winds,
and the rain, as I just now noticed, become low and
robust, exhibiting curved limbs, but never straight
and graceful trunks. Shrubs and trees, on the
contrary, which are too much sheltered, too much
secluded from the sun and wind, cxtend exceed-
ingly in height, but present at the same time
slender and feeble branches; their leaves are pale
and sickly, and in extreme cases they do not bear
fruit. The exclusion of light alone is sufficient to
produce this species of disease, as would appear
from the experiments of Bonnet. This ingenious
physiologist sowed three seeds of the pea in the
same kind of soil : one he suffered to remain ex-
posed to the free air; the other he inclosed in a
tube of glass; and the third in a tube of wood.

R 2
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The pea in the tube of glass sprouted, and grew in
a manner scarcely at all different from that under
usual circumstances ; but the plant in the tube of
wood, deprived of light, became white and slender,
and grew to a much greater height.

The plants growing in a soil incapable of sup-
plying them with sufficient manure, or dead orga-
nised matter, are very generally low, having brown
or dark green leaves; and their woody fibre abounds
in earth.* Those vegetating in peaty soils, or in
lands too copiously supplied with animal or vege-
table matter, rapidly expand, produce large bright
green leaves, abound in sap, and generally blossom
prematurely.

Where a land is too rich for corn, it is not an
uncommon practice to cut down the first stalks, as
by these means its exuberance is corrected, and it
is less likely to fall before the grain is ripe ; excess
of poverty, or of richness, is almost equally fatal to
the hopes of the farmer; and the true constitution
of the soil for the best crop is that in which the
earthy materials, the moisture and manure, are
properly associated ; and in which the decompos-
able vegetable or animal matter does not exceed
one fourth of the weight of the earthy constituents.

# This is very strikingly illustrated in many of the plants
which grow out of the soft free-stone rock of Malta: their growth
is stunted; their roots large, branches and leaves small; and
their leaves as well as branches abound in lime. From what I
have witnessed in that island, I am disposed to believe that
plants are instrumental in effecting cavities in calcareous rocks,
and that many perforations which have been referred to the
operation of boring salt-water mollusca are owing to vegetable
growth and decay. — J, D,
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The canker, or erosion of the bark and wood, is
a disease produced often in trees by a poverty of
soil ; and it is invariably connected with old age.
The cause seems to be an excess of alkaline and
earthy matter in the descending sap. I have often
found carbonate of lime on the edges of the canker
in apple trees; and ulmin, which contains fixed
alkali, is abundant in the canker of the elm. The
old age of a tree, in this respect, is faintly analo-
gous to the old age of animals, in which the se-
cretions of solid bony matter are always in excess,
and the tendency to ossification great.

The common modes of attempting to cure the
canker are by cutting the edges of the bark,
binding new bark upon it, or laying on a plaster of
earth: but these mcthods, though they have been
much extolled, probably do very little in producing
a regeneration of the part. Perhaps the applica-
tion of' a weak acid to the canker might be of use ;
or where the tree is of great value, it may be
watered occasionally with a very diluted acid.
The alkaline and earthy nature of the morbid
secretion warrants the trial; but circumstances
that cannot be foreseen may occur to .imterfere
with the success of the experiment.

Besides the diseases having their source in the
constitution of the plant, or in the unfavourable
operation of external elements, there are many
others perhaps more injurious, depending upon the
operations and powers of other living beings ; and
such are the most difficult to cure, and the most
destructive to the labours of theé husbandman.

Parasitical plants of different species, which at-
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tach themselves to trees and shrubs, feed on their
juices, destroy their health, and finally their life,
abound in all climates ; and are, pelhaps, the most
formidable of the enemies of the superior and cul-
tivated vegetable species.

The mildew, which has often occasioned great
havoc in our wheat crops, and which was parti-
cularly destructive in 1804, is a species of fungus,
so small as to require glasses to render its form
distinct, and rapidly propagated by its seeds.

This has been shown by various botanists ; and
the subject has received a full illustration from the
researches of the late ever to be lamented Sir
Joseph Banks.

The fungus rapidly spreads from stalk to stalk,
fixes itself in the cells connected with the common
tubes, and carries away and consumes that nourish-
ment which should have been appropriated to the
grain.

Various remedies have been proposed for this
disease. The Rev. Dr. Cartwright states that he
has successfully treated it, by the application of a
solution of salt, by a common gardening pot, to
the stalks of the corn. This is a subject worthy of
the most minute investigation ; and all methods
should be tried which promise to eradicate so great
an evil. As the fungus increases by the diffusion
of its seeds, great care should be taken that no
mildewed straw is carried in the manure used for
corn; and in the early crop, if mildew is observed
upon any of the stalks of corn, they shouid be
carefully removed, and treated as weeds.

The popular notion amongst farmers, that a bar-



247

berry-tree in the neighbourhood of a field of wheat
often produces the mildew, deserves examination.
This tree is frequently covered with a fungus,
which, if it should be shown be be capable of de-
generating into the wheat fungus, would offer an
easy explanation of the effect.

There is some reason to believe, from the re-
searches of Sir Joseph Banks, that the smut in
wheat likewise is produced by a very small fungus
which fixes on the grain; the products that it
affords by analysis are similar to those afforded by
the puff-ball; and it is difficult to conceive, that
without the agency of some organised structure,
so complete a change should be effected in the
constitution of the grain.

The misletoe anc the ivy, the moss and the
lichen, in fixing upon trees, uniformly injure their
vegetative processes, though in very different de-
grees. They are supported from the lateral sap-
vessels, and deprive the branches above of a part of
their nourishment.

The insect tribes are scarcely less injurious than
the parasitical plants.

To enumerate all the animal destroyers and
tyrants of the vegetable kingdom, would be to
give a catalogue of the greater number of the
classes in zoology. Every species of plant almost
is the peculiar resting-place or dominion of some
insect tribe ; and from the locust, the caterpillar,
and snail, to the minute aphis, a wonderful variety
of the inferior insects are nourished, and live by
their ravages upon the vegetable world.

R 4



248

I have already referred to the insect which feeds
on the seed-leaf of the turnip.

The Hessian fly, still more destructive to wheat,
has in some seasons threatened the United States
with a famine. And the French government in
1818 issued decrees with a view to occasion the
destruction of the larva of the grasshopper.

In general, wet weather is most favourable to
the propagation of mildew, funguses, rust, and the
small parasitical vegetables; dry weather to the
increase of the insect tribes. Nature, amidst all
her changes, is continually directing her resources
towards the production and multiplication of life ;
and in the wise and grand economy of the whole
system, even the agents that appear injurious to
the hopes, and destructive to the comforts of man,
are, in fact, ultimately connected with a more ex-
alted state of his powers and his condition. His
industry is awakened, his activity kept alive, even
by the defects of climates and season. By the acci-
dents which interfere with his efforts, he is made
to exert his talents, to look farther into futurity,
and to consider the vegetable kingdom not as a
secure and unalterable inheritance, spontaneously
providing for his wants; but as a doubtful and
insecure possession, to be preserved only by labour,
and extended and perfected by ingenuity.
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LECTURE VI

OF MANURES OF VEGETABLE AND ANIMAL ORIGIN. OF THE
MANNER IN WHICH THEY BECOME THE NOURISHMENT
OF THE PLANT. OF FERMENTATION AND PUTREFACTION.
OF THE DIFFERENT SPECIES OF MANURES OF VEGET-
ABLE ORIGIN; OF THE DIFFERENT SPECIES OF ANIMAL
ORIGIN., OF MIXED MANURES. GENERAIL PRINCIPLES
WITH RESPECT TO THE USE AND APPLICATION OF SUCH
MANURES.

TuaT certain vegetable and animal substances in-
troduced into the soil accelerate vegetation and
increase the product of crops, is a fact known since
the earliest period of agriculture; but the manner
in which manures act, the best modes of applying
them, their relative value and durability, are still
subjects of discussion. In this Lecture, I shall
endeavour to lay down some settled principles on
these objects; they are capable of being materially
elucidated by the recent discoveries in chemistry ;
and I need not dwell on their great importance to
farmers.

The pores in the fibres of the roots of plants are
so small, that it is with difficulty they can be dis-
covered by the microscope; it is not, therefore,
probable that solid substances can pass into them
from the soil. I tried an experiment on this sub.
ject : some impalpable powdered charcoal, procured
by washing gunpowder, and dissipating the sulphur
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by heat, was placed in a phial containing pure water
in which a plant of peppermint was growing: the
roots of the plant were pretty generally in contact
with the charcoal. The experiment was made in
the beginning of May, 1805; the growth of the
plant was very vigorous during a fortnight, when it
was taken out of the phial: the roots were cut
through in different parts; but no carbonaceous
matter could be discovered in them, nor were the
smallest fibrils blackened by charcoal, though this
must have been the case had the charcoal been
absorbed in a solid form.

No substance is more necessary to plants than
carbonaceous matter; and if this cannot be intro-
duced into the organs of plants except in a state of
solution, there is cvery reason to suppose that
other substances less essential will be in the same
case.

I found by some experiments made in 1804, that
plants introduced into strong fresh solutions of
sugar, mucilage, tanning principle, jelly, and other
substances, died ; but that plants lived in the same
solutions after they had fermented. At that time,
I supposed that fermentation was necessary to pre-
pare the food of plants; but I have since found
that the deleterious effect of the recent vegetable
solutions was owing to their being too concen-
trated; in consequence of which the vegetable or-
gans were probably clogged with solid matter, and
the transpiration by the leaves prevented. In the
beginning of June, in the next year, I used solutions
of the same substances; but so much diluted, that
there was only about .4, part of solid vegetable or
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animal matter in the solutions. Plants of mint
grow luxuriantly in all these solutions; but least so
in that of the astringent matter. I watered some
spots of grass in a garden with the different so-
lutions separately, and a spot with common water :
the grass watered with solutions of jelly, sugar, and
mucilage, grew most vigorously ; and that watered
with the solution of the tanning principle grew
better than that watered with common water.

I endeavoured to escertain whether soluble veget-
able substances passed in an unchanged state into
the roots of plants, by comparing the products of
the analysis of the roots of some plants of mint
which had grown, some in common water, some in
a solution of sugar: 120 grains of the roots of the
mint which grew in the solution of sugar afforded
five grains of pale green extract, which had a
sweetish taste, but which slightly coagulated by
the action of alcohol: 120 grains of the roots
of the mint which had grown in common water
yielded three grains and a half of extract, which was
of a deep olive colour ; its taste was sweetish, but
more astringent than that of the other extract, and
it coagulated more copiously with alcohol.

These results, though not quite decisive, favour
the opinion that soluble matters pass unaltered into
the roots of plants; and the idea is confirmed by
the circumstance that the radical fibres of plants
made to grow in infusions of madder are tinged
red ; and it may be considered as almost proved
by the fact, that substances which are even poi-
sonous to vegetables are absorbed by them. 1
introduced the roots of a primrose into- a weak
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solution of oxide ‘of iron in vinegar, and suffered
it to remain in it till the leaves became yellow ; the
roots were then carefully washed in distilled water,
bruised, and boiled in a small quantity of the same
fluid : the decoction of them passed through a filter
was examined by the test of infusion of nutgalls;
the decoction gained a strong tint of purple, which
proves that solution of iron had been taken up by
the vessels or pores in the roots.

Vegetable and animal substances deposited in
the soil, as is shown by universal experience, are
consumed during the process of vegetation; and
they can only nourish the plant by affording solid
matters capable of' being dissolved by water, or
gaseous substances capable of being absorbed by
the fluids in the leaves of vegetables; but such
parts of them as are rendered gaseous, and that
pass into the atmosphere, must produce a compa-
ratively small effect ; for gases soon become diffused
through the mass of the surrounding air, The
great object in the application of manure should
be to make it afford as much soluble matter as
possible to the roots of the plant: and that in a
slow and gradual manner, so that it may be en-
tirely consumed in forming its sap and organised
parts.

Mucilaginous, gelatinous, saccharine, oily, and
extractive fluids, and solution of carbonic acid and
water, are substances that in their unchanged
states contain almost all the principles necessary
for the life of plants; but there are few cases in
which they can be applied as manures, in their pure
forms ; and vegetable manures, in general, contain
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a great excess of fibrous and insoluble matter, which
must undergo chemical changes before they can
become the food of plants.

It will be proper to take a scientific view of the
nature of these changes; of the causes which oc-
casion them, and which accelerate or retard them ;
and of the products they afford.

If any fresh vegetable matter which contains
sugar, mucilage, starch, or other of the vegetable
compounds soluble in water, be moistened and ex-
posed to air, at a temperature from 55° to 80°,
oxygen will soon be absorbed, and carbonic acid
formed ; heat will be produced, and elastic fluids,
principally carbonic acid, gaseous oxide of carbon,
and hydro-carbonate will be evolved; a dark-co-
loured liquid, of a slightly sour or bitter taste, will
likewise be formed ; and if the process be suffered
to continue for a time sufficiently long, nothing
solid will remain, except earthy and saline matter,
coloured black by charcoal.

The dark-coloured fluid formed in the ferment-
ation always contains acetic acid ; and when albu-
men or gluten exists in the vegetable substance, it
likewise contains volatile alkali.

In proportion as there is more gluten, albumen,
or matters soluble in water, in the vegetable sub-
stances exposed to fermentation, so in proportion,
all other circumstances being equal, will the process
be more rapid. Pure woody fibre alone undergoes
a change very slowly; but its texture is broken
down, and it is easily resolved into new elements
when mixed with substances more liable to change,
containing morc oxygen and hydrogen. Volatile
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and fixed oils, resins and wax, are more susceptible
of change than woody fibre when exposed to air
and water, but much less liable than the other
vegetable compounds ; and even the most inflam-
mable substances, by the absorption of oxygen, be-
come gradually soluble in water.

Animal matters in general are more liable to
decompose than vegetable substances; oxygen is
absorbed, and carbonic acid and ammonia formed
in the process of their putrefaction. They produce
feetid compound elastic fluids, and likewise azote :
they afford dark-coloured, acid, and oily fluids, and
leave a residuum of salts and earths mixed with
carbonaceous matter.

The principal substances which constitute the
different parts of animals, or which are found in
their blood, their secretions, or their excrements,
are gelatine, fibrine, mucus, fatty or oily matter,
albumen, urea, uric acid, and different acid, saline,
and earthy matters.

Of' these gelatine is the substance which when
combined with water forms jelly. It is very liable
to putrefaction. According to MM. Gay Lussac
and Thenard, it is composed of

4/7-88 of carbon.

27-207 — oxygen.
7°914 — hydrogen.

16-998 — azote.

These proportions cannot be considered as de-
finite, for they do not bear to each other the ratios
of any simple multiples of the number represent-
ing the elements; the case seems to be the same
with other animal compounds: and even in vege-
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table substances in general, as appears from the
statements given in the Third Lecture, the propor-
tions are far from having the same simple relations
as in the binary compounds capable of being made
artificially ; such as acids, alkalies, oxides, and in
salts.

Fibrinc constitutes the basis of the muscular
fibre of animals, and a similar substance may be
obtained from recent fluid blood ; by stirring it
with a stick the fibrine will adhere to the stick.
It is not soluble in water; but by the action of
acids, as Mr. Hatchett has shown, it becomes so-
luble, and analogous to gelatine. It is less dis-
posed to putrefy than gelatine.* According to
MM. Gay Lussac and Thenard, 100 parts of
fibrine contain

Of carbon - - 53360
— oxygen - - 19685
— hydrogen - - 7021
— azote - - 19934

Mucus is very analogous to vegetable gwm in its
chaiacters; and, as Dr. Bostock has stated, it may
be obtained by evaporating saliva. No experi-
ments have been made upon its analysis; but it is
probably similar to gum in composition. It is ca-
pable of undergoing putrefaction, but less rapidly
than fibrine.

* Fibrine, especially of the blood, according to my expe-
rience, putrefies more readily than any other animal substance.
In a few hours, at the temperature of 80° Fahrenheit, exposed
to the air, by putrefaction it is reduced from a solid to a liquid:
the change is accompanied by a considerable disengagement of
heat, and formation of ammonia and carbonic acid. —J. D.
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Animal fat and oils have not been accurately
analysed ; but there is great reason to suppose that
their composition is analogous to that of similar
substances from the vegetable kingdom.

Albumen has been already referred to, aund its
analysis stated in the Third Lecture.

Urea may be obtained by the evaporation of
human urine till it is of the consistence of a syrup,
and the action of alcohol on the crystalline sub-
stance which forms when the evaporated matter
cools. In this way a solution of urea in alcohol is
procured, and the alcohol may be separated from
the urea by heat.* Urea is very soluble in water,
and is precipitated from water by diluted nitric
acid in the form of bright pearl-coloured crystals ;
this property distinguishes it from all other animal
substances.

According to Fourcroy and Vauquelin, 100 parts
of urea, when distilled, yield

92:027 parts of carbonate of ammonia.
4°608 carburetted hydrogen gas.
3:225 of charcoal. t
Urea, particularly when mixed with albumen or
gelatine, readily undergoes putrefaction.

* It is best obtained from the nitrate of urea, by means of
carbonate of potash and alcohol, according to Dr. Prout’s method.
Pure urea is colourless, crystallizes in four-sided prisms, and its
solution in water resists change for many weeks or even months.
It is the only animal compound (or proximate principle) which
hitherto has been formed artificially. — J. D.

+ According to the analysis of Dr. Prout, it consists of

Carbon - - - 1224
Nitrogen - - 2238
Hydrogen - - 4

Oxygen - - - 16—=J.D.



257

Uric acid, as has been shown by Dr. Egan, may
be obtained from human urine by pouring an acid
into it ; and it often falls down from urine in the
form of brick-coloured crystals. It consists of
carbon, hydrogen, oxygen, and azote; but their
proportions have not yet been determined. Uric
acid is one of the animal substances least liable to
undergo the process of putrefaction.*

According to the different proportions of these
principles in animal compounds, so are the changes
they undergo different. 'When there is much saline
or earthy matter mixed or combined with them, the
progress of their decomposition is less rapid than
when they are principally composed of fibrine,
albumen, gelatine, or urea.

The ammonia given off from animal compounds
in putrefaction may be conceived to be formed at
the time of their decomposition by the combination
of hydrogen and azote; except this matter, the
other products of putrefaction are analogous to
those afforded by the fermentation of vegetable
aubstances ; and the soluble substances formed
abound in the elements, which are the constituent
parts of vegetables, in carbon, hydrogen, and
oxygen.

* It has lately been analysed by Liebig, and found to consist
of

Carbon - - 36-11
Hydrogen - 2-34
Nitrogen - - 33-36
Oxygen - 28°19

When pure, it is colourless, tasteless, and without odour. —
J. D.
S
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Whenever manures consist principally of matter
soluble in water, it is evident that their ferment.
ation or putrefaction should be prevented as much
‘a8 possible; and the only cases in which these
processes can be useful are when the manure con-
sists principally of vegetable or animal fibre. The
circumstances necessary for the putrefaction of
animal substances are similar to those required for
the fermentation of vegetable substances: a tem-
perature above the freezing point ; the presence of
water, and the presence of oxygen, at least in the
first stage of the process.

To prevent manures from decomposing, they
should be preserved dry, defended from the con-
tact of air, and kept as cool as possible.

Salt and alcohol appear to owe their powers
of preserving animal and vegetable substances to
their attraction for water, by which they prevent
its decomposing action, and likewise to their ex-
cluding air. The use of ice in preserving animal
substances is owing to its keeping their temperature
low. The efficacy of M. Appert’s method of pre-
serving animal and vegetable substances, an ac-
count of which has been lately published, entirely
depends upon the exclusion of air. This method
is by filling a vessel of tin plate or glass with the
meat or vegetables; soldering or cementing the
top so as to render the vessel air tight; and then
keeping it half immersed in a vessel of boiling
water for a sufficient time to render the meat or
vegetables proper for food. In this last process it
is probable that the small quantity of oxygen re-
maining in the vessel is absorbed ; for on opening
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a tinned iton cannister which had been filled with
raw beef, and exposed to hot water the day before,
I found that the minute quantity of elastic fluid
which could be procured from it, was a mxxtmfe of
carbonic acid gas and azote.

Where meat or vegetable food is to be preserved
oti a large scale, for the use of the navy or army,
for instance, I am inclined to believe, that by
forcibly throwing a quantity of carbonic acid, hy-
drogen, or azote, into the vessel, by means of a com-
pressing pump, similar to that used for making
artificial Seltzer water, any change in the substance
would be more effectually prevented. No elastic
fluid in this case would have room to form by the
decomposition of the meat; and the tightness and
strength of the vessel would be proved by the
process. No putrefaction or fermentation can go
on without the generation of elastic fluid; and
pressure would probably act with as much efficacy
as cold in the preservation of animal or vegetable
food.

As different manures contain different propor-
tions of the elements necessary to vegetation, so
they require a different treatment to enable them
to produce their full effects in agriculture. I shall
therefore describe in detail the properties and
nature of the manures in common use, and give
some general views respecting the best modes of
preserviig aud applying them.

All green succulent plants contain sacchatine or
mucilaginous matter, with woody fibre, and readily
ferment. They cannot, therefore, if intended for
manare, be used too soon after their dedth.

s 2
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When green crops are to be employed for enrich-
ing a soil, they should be ploughed in, if it be
possible, when in flower, or at the time the flower
is beginning to appear ; for it is at this period that
they contain the largest quantity of easily soluble
matter, and that their leaves are most active in
forming nutritive matter. Green crops, pond
weeds, the paring of hedges or ditches, or any kind
of fresh vegetable matter, requires no preparation
to fit them for manure. The decomposition slowly
proceeds beneath the soil ; the soluble matters are
gradually dissolved, and the slight fermentation
that goes on, checked by the want of a free com-
munication of air, tends to render the woody fibre
soluble without occasioning the rapid dissipation of
elastic matter.

When old pastures are broken up and made
arable, not only has the soil been enriched by the
death and slow decay of the plants which have left
soluble matters in the soil ; but the leaves and
roots of the grasses living at the time and occupying
so large a part of the surface, afford saccharine,
mucilaginous, and extractive matters, which be.
come immediately the food of the crop, and the
gradual decomposition affords a supply for suc-
cessive years.

Rape cake, which is used with great success as
a manure, contains a large quantity of mucilage,
some albuminous matter, and a small quantity of
oil. This manure should be used recent, and kept
as dry as possible before it is applied. It forms an
excellent dressing for turnip crops; and is most
economically applied by being thrown into the
soil at the same time with the seed. Whoever



wishes to see this practice in its highest degree of
perfection, should attend Mr. Coke’s annual sheep-
shearing at Holkham.

Malt dust consists chiefly of the infant radicle
separated from the grain. I have never made any
experiment upon this manure; but there is great
reason to suppose it must contain saccharine matter;
and this will account for its powerful effects. Like
rape cake, it should be used as dry as possible, and
its fermentation prevented

Linseed cake is too valuable as a food for cattle
to be much employed as a manure ; the analysis of
linseed was referred to in the Third Lecture. The
water in which flaxr and khemp are steeped for the
purpose of obtaining the pure vegetable fibre, has
considerable fertilizing powers. It appears to
contain a substance analogous to albumen, and
likewise much vegetable extractive matter. It pu.
trefies very readily. A certain degree of ferment-
ation is absolutely necessary to obtain the flax and
hemp in a proper state; the water to which they
have been exposed should therefore be used as a
manure as soon as the vegetable fibre is removed
from it.

Sea weeds, consisting of different species of fuci,
algee, and conferve, are much used as a manure on
the sea-coasts of Britain and Ireland. By digesting
the common fucus, which is the sea-weed usually
most abundant on the coast, in boiling water, I
obtained from it one eighth of a gelatinous sub.
stance which had characters similar to mucilage,
A quantity distilled gave nearly four fifths of its
weight of water, but no ammonia; the water had
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an empyreumatic and slightly sour taste ; the ashes
contained sea salt, carbonate of soda, and carbon-
aceous matter. The gaseous matter afforded was
small in quantity, principally carbonic acid and
gaseous oxide of carbon, with a little hydro-car-
bonate. This manure is transient in its effects,
and does not last for more than a single crop,
which is easily accounted for from the large quan-
tity of water, or the elements of water, it contains.
It decays without producing heat when exposed to
the atmosphere, and seems as it were to melt down
and dissolve away. 1 have seen a large heap
entirely destroyed in less than two years, nothing
remaining but a little black fibrous matter.

I suffered some of the firmest part of a fucus to
remain in a close jar containing atmospheric air for
a fortnight : in this time it had become very much
shrivelled ; the sides of the jar were lined with
dew. The air examined was found to have lost
oxygen, and contained carbonic acid gas.

Sea-weed is sometimes suffered to ferment before
it is used; but this process seems wholly unne-
cessary, for there is no fibrous matter rendered
soluble in the process, and a part of the manure is
lost.

The best farmers in the west of England use it
as fresh as it can be procured ; and the practical
results of this mode of applying it are exactly con-
formable to the theory of its operation. The car-
bonic acid formed by its incipient fermentation
must be partly dissolved by the water set fiee in
the same process; and thus become capable of
absorption by the roats of plants.



The effects of the sea-weed as manure must
principally depend upon this carbonic acid, and
upon the soluble mucilage the weed contains ; and
I found that some fucus which had fermented so
as to have lost about half its weight, afforded less
than 1% of mucilaginous matter ; from which it may
be fairly concluded that some of this substance i3
destroyed in fermentation.

Dry straw of wheat, oats, barley, beans and peas,
and spoiled hay, or any other similar kind of dry
vegetable matter, is, in all cases, useful manure.
In general, such substances are made to ferment
before they are employed, though it may be doubted
whether the practice should be indiscriminately
adopted.

From 400 grains of dry barley straw I obtained
eight grains of matter soluble in water, which had
a brown colour, and tasted like mucilage. From
400 grains of wheaten straw I obtained five grains
of a similar substance.

There can be no doubt that the straw of different
crops immediately ploughed into the ground affords
nourishment to plants; but there is an objection to
this method of using straw, from the difficulty of
burying long straw, and from its rendering the.
husbandry foul.

When straw is made to ferment, it becomes a
more manageable manure ; but there is likewise on
the whole a great loss of nutritive matter. More.
manure is perhaps supplied for a single crop; but
the land is less improved than it would be, suppos-
ing the whole of the vegetable matter could be
finely divided and mixed with the soil,



264

It is usual to carry straw that can be employed
for no other purpose to the dunghill to ferment and
decompose ; but it is worth experiment, whether
it may not be more economically applied when
chopped small by a proper machine, and kept dry
till it is ploughed in for the use of a crop. In this
case, though it would decompose much more
slowly, and produce less effect at first, yet its influ-
ence would be much more lasting.

Mere woody fibre seems to be the only vegetable
matter that requires fermentation to render it nu-
tritive to plants. Tanners’ spent bark is a sub-
stance of this kind. Mr. Young, in his excellent
Essay on Manures, which gained him the Bedfordian
medal of the Bath Agricultural Society, states,
¢ that spent bark seemed rather to injure than
assist vegetation;”” which he attributes to the
astringent matter that it contains. But in fact it
is freed from all soluble substances, by the opera-
tion of water in the tan-pit; and if injurious to
vegetation, the effect is probably owing to its
agency upon water, or to its mechanical effects. It
is a substance very absorbent and retentive of
moisture, and yet not penetrable by the roots of
plants.

Inert peaty matter is a substance of the same
kind. It remains for years exposed to water and
air without undergoing change; and in this state
yields little or no nourishment to plants.

Woody fibre will not ferment unless some sub-
stances are mixed with it which act the same part
as the mucilage, sugar, and extractive or albumi-
nous matters, with which it is usually associated in
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herbs and succulent vegetables. Lord Meadow-
bank has judiciously recommended a mixture of
common farm-yard dung for the purpose of bring-
ing peats into fermentation; any putrescible or
fermentable substance will answer the end; and
the more a substance heats, and the more readily
it ferments, the better will it be fitted for the
purpose.

Lord Meadowbank states, that one part of dung
is sufficient to bring three or four parts of peat into
a state in which it is fitted to be applied to land;
but of course the quantity must vary according to
the nature of the dung and of the peat. In cases
in which some living vegetables are mixed with
the peat, the fermentation will be more, readily
effected.

Tanners’ spent bark, shavings of wood and saw-
dust, will probably require as much dung to bring
them into fermentation as the worst kind of peat.

Woody fibre may be likewise prepared so as to
become a manure by the action of lime. This sub-
ject I shall discuss in the next Lecture, as it follows
naturally another series of facts relating to the
effects of lime in the soil.

It is evident from the analysis of woody fibre by
MM. Gay Lussac and Thenard (which shows that
it consists principally of the elements of water and
carbon, the carbon being in larger quantity than
in the other vegetable compounds), that any pro-
cess which tends to abstract carbonaceous matter
from it must bring it nearer in composition to the
soluble principles ; and this is done in fermentation
by the absorption of oxygen and production of
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carbonic acid ; and a similar effect, it will be shown,
is produced by lime.

Wood-ashes imperfectly formed, that is, wood-
ashes containing much charcoal, are said to have
been used with success as a manure. A part of
their effects may be owing to the slow and gradual
consumption of the charcoal, which seems capable,
under other circumstances than those of actual
combustion, of absorbing oxygen so as to become
carbonic acid.

In April, 1808, I inclosed some well burnt char-
coal in a tube half filled with pure water, and half
with common air ; the tube was hermetically sealed.
I opened the tube under pure water in the spring
of 1804, at a time when the atmospheric tempera-
ture and pressure were nearly the same as at the
commencement of the experiment. Some water
rushed in; and on expelling a little air by heat
from the tube, and analysing it, it was found to
contain only seven per cent. of oxygen. The
water in the tube, when mixed with lime-water,
produced a copious precipitate; so that carbonic
acid had evidently been formed and dissolved by
the water.

Manures from animal substances, in general, re-
quire no chemical preparation to fit them for the
soil. The great object of the farmer is to blend
them with the earthy constituents in a proper state
of division, and to prevent their too rapid decom-
position,

The entire parts of the muscles of land animals
are not commonly used as a manure, though there
are many cases in which such an application might
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be easily made. Horses, dogs, sheep, deer, and
other quadrupeds that have died accidentally, or
of disease, after their skins are separated are often
suffered to remain exposed to the air, or immersed
in water, till they are destroyed by birds or beasts
of prey, or entirely decomposed; and in this case
most of their organized matter is lost for the land
in which they lie, and a considerable portion of it
employed in giving off noxious gases to the atmo-
sphere,

By covering dead animals with five or six times
their bulk of soil, mixed with one part of lime, and
suffering them to remain for a few months, their
decomposition would impregnate the soil with
soluble matters, so as to render it an excellent
manure, and by mixing a little fresh quicklime with
it at the time of its removal the disagreeable effluvia
would be in a great measure destroyed; and it
might be applied in the same way as any other
manure to crops.

Fish forms a powerful manure, in whatever state
it is applied ; but it cannot be ploughed in too fresh,
though the quantity should be limited. Mr. Young
records an experiment, in which herrings spread
over a field and ploughed in for wheat, produced
so rank a crop that it was entirely laid before
harvest.

The refuse pilchards in Cornwall are used
throughout the county as a manure, with excellent
effects. They are usually mixed with sand or soil,
and sometimes with sea-weed, to prevent them from
raising too luxuriant a crop. The effects are per-
ceived for several years.

In the fens of Lincolnshire, Cambridgeshire, and
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Norfolk, the little fish called sticklebacks, are
caught in the shallow waters in such quantities,
that they form a great article of manure in the
land bordering on the fens.

It is easy to explain the operation of fish as a
manure. The skin is principally gelatine ; which
from its slight state of cohesion is readily soluble
in water : fat or oil is always found in fishes, either
under the skin or in some of the viscera; and their
fibrous matter contains all the essential elements of
vegetable substances.

Amongst oily substances, blubber has been em-
ployed as manure. It is most useful when mixed
with clay, sand, or any common soil, so as to ex-
pose a large surface to the air, the oxygen of
which produces soluble matter from it. Lord
Somerville used blubber with great success at his
farm in Surrey. Itwas made into a heap with soil,
and retained its powers of fertilising for several
successive years.

The carbon and hydrogen abounding in oily
substances fully account for their effects ; and their
durability is easily explained from the gradual man-
ner in which they change by the action of air and
water.

Bones are much used as a manure in the neigh-
bourhood of London. After being broken and
boiled for grease, they are sold to the farmer. The
more divided they are, the more powerful are their
effects. The expense of grinding them in a mill
would probably be repaid by the increase of their
fertilizing powers ; and in the state of powder they
might be used in the drill husbandry, and delivered
with the seed in the same manner as rape cake.
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Bone dust and bone shavings, the refuse of the
turning manufacture, may be advantageously em-
ployed in the same way.

The basis of bone is constituted by earthy salts,
principally phosphate of lime, with some carbonate
of lime and phosphate of magnesia; the easily
decomposable substances in bone are fat, gelatine,
and cartilage, which seem of the same nature as
coagulated albumen.

According to the analysis of Fourcroy and Vau-
quelin, ox bones are composed,

Of decomposable animal matter - 51
— phosphate of lime - - 877
— carbonate of lime - - 10
— phosphate of magnesia - - 1-3
100

M. Merat Guillot has given the following esti-
mate of the composition of the bones of different
animals : —

Phosphate { Carbonate
of Lime. | of Lime.
Bone of Calf . . 54
Horse . 675 1-25
Sheep . . 70 5
~——— Elk . 90 1
—— Hog . . 52 1
—~—— Hare . 85 1
o Pullet . . 72 15
~———— Pike . 64 1
——— Carp . . 45 5
Horses’ teeth . ) 855 | 25
Ivory . . . . 64 1
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The remaining parts of the hundred must be
considered as decomposable animal matter.

Horn is a still more powerful manure than bone,
as it contains a larger quantity of decomposable
animal matter. From 500 grains of ox horn Mr.
Hatchett obtained only 15 grains of earthy resi-
duum, and not quite half of this'was phosphate of
lime. The shavings or turnings of horn form an
excellent manure, though they are not sufficiently
abundant to be in common use. The animal mat-
ter in them seems to be of the nature of coagulated
albumen, and it is slowly rendered soluble by the
action of water. The earthy matter in horn, and
still more that in bones, prevents the too rapid
decomposition of the animal matter, and renders it
very durable in its effects.

Hair, woollen rags, and feathers, are all analogous
in composition, and principally consist of a sub-
stance similar to albumen, united to gelatine.
This is shown by the ingenious researches of Mr.
Hatchett. The theory of their operation is similar
to that of bone and horn shavings.

The refuse of the different manufactures of skin
and leather form very useful manures; such as the
shavings of the currier, furriers’ clippings, and the
offals of the tan-yard and of the glue-maker. The
gelatine contained in every kind of skin is in a
state fitted for its gradual solution or decomposition;
and when buried in the soil, it lasts for a consider-
able time, and constantly affords a supply of nutri-
tive matter to the plants in its neighbourhood.

Blood contains certain quantities of all the prin-
ciples found in other animal substances, and is
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consequently a very good manure. It has been
already stated that it contains fibrine ; it likewise
contains albumen: the red particles in it, which
have been supposed by many foreign chemists to
be coloured by iron in a particular state of combin-
ation with oxygen and acid matter, Mr. Brande
considers as formed of a peculiar animal substance,
containing very little iron.

The scum taken from the boilers of the sugar
bakers, and which is used as manure, principally
consists of bullocks’ blood, which has been em-
ployed for the purpose of separating the impurities
of common brown sugar, by means of the coagu-
lation of its albuminous matter by the heat of the
boiler.

The different species of corals, corallines, and
sponges, must be considered as substances of animal
origin. From the analysis of Mr. Hatchett, it
appears that all these substances contain consider-
able quantities of a matter analogous to coagulated
albumen ; the sponges afford likewise gelatine.

According to Merat Guillot, white coral con-
tains equal parts of animal matter and carbonate of
lime; red coral 46-5 of animal matter, and 53-5 of
carbonate of lime; articulated coralline 51 of animal
matter, and 49 of carbonate of lime.

These substances are, I believe, never used as
manure in this country, except in cases when they
are accidentally mixed with sea-weed ; but it is pro-
bable that the corallines might be advantageously
employed, as they are found in considerable quan-
tity on the rocks and bottoms of the rocky pools
in many parts of our coast, where the land gra-
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dually declines towards the sea; and they might
be detached by hoes, and collected without much
trouble.

Amongst excrementitious animal substances used
as manures, urine is the one upon which the greatest
number of chemical experiments have been made,
and the nature of which is best understood.

The urine of the cow contains, according to the
experiments of Mr. Brande,

Of water - - - - 65
— phosphate of lime - - - 8
— muriates of potassa and ammonia - 15
— sulphate of potassa - - - 6
— carbonates of potassa, and ammonia 4
— urea - - - - 4

The urine of the horse, according to Fourcroy
and Vauquelin, contains

Of carbonate of lime - - - 11
— carbonate of soda - - -9
— benzoate of soda - - - 24
— muriate of potassa - - -9
—— urea - - - - 7
— water and mucilage - - 940

In addition to these substances, Mr. Brande
found in it phosphate of lime.*

The urine of the ass, the camel, the rabbit, and
domestic fowls has been submitted to different ex-
periments, and the constitution has been found
similar. In the urine of the rabbit, in addition to
most of the ingredients above mentioned, Vauquelin

* This has not been confirmed by Chevreul. In trials made
expressly for the purpose, he was not able to detect phosphate
of lime, either in the urine of the horse or of the camel.



278

detected gelatine ; and the same chemist dicovered
uric acid in the urine of domestic fowls.*

Human urine contains a greater variety of con-
stituents than any other species examined.

Urea, uric acid, and another acid similar to it in
nature, called rosacic acid, acetic acid, albumen,
gelatine, a resinous matter, and various salts, are
found in it.

The human urine differs in composition accord-
ing to the state of the body, and the nature of the
food and drink made use of. In many cases of dis-
ease there is a much larger quantity of gelatine and
albumen than usual in the urine ; and in diabetes
it contains sugar.

It is probable that the urine of the same animal
must likewise differ according to the different na-
ture of the food and drink used; and this will
account for discordances in some of the analyses
that have been published on the subject.

Urine is very liable to change and to undergo
the putrefactive process ; and that of carnivorous
animals more rapidly than that of graminivorous
animals. In proportion as there is more gelatine
and albumen in urine, so in proportion does it
putrefy more quickly.

The species of urine that contain most albumen,
gelatine, and urea, are the best as manures; and all
urine contains the essential elements of vegetables
in a state of solution.

* The urine of the mammalia generally abounds most in
urea; of birds and reptiles, in uric acid: the urine of the frog
and toad, however, are exceptions; their urine is fluid, and not

in part solid, like that of birds and reptiles, and contains a large
proportion of urea. — J. D.
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During the putrefaction of urine the greatest
part of the soluble animal matter that it contains is
destroyed ; it should consequently be used as fresh
as possible ; but if not mixed with solid matter, it
should be diluted with water, as when pure it con-
tains too large a quantity of animal matter to form
a proper fluid nourishment for absorption by the
roots of plants.

Putrid urine abounds in ammoniacal salts; and
though less active than fresh urine, is a very power-
ful manure.

According to a recent analysis published by
Berzelius, 1000 parts of urine are composed of’

Water - - - - - 083
Urea - - - - 30°1
Uric acid - - - - 1

lactate of ammonia, and animal
matter - - - -

The remainder different salts, phosphates, sul-
phates, and muriates.

Amongst excrementitious solid substances used
as manures, one of the most powerful is the dung
of birds that feed on animal food, particularly the
dung of sea birds. The guano, which is used to
a great extent in South America, and which is the
manure that fertilizes the sterile plains of Peru, is
a production of this kind. It exists abundantly,
as we are informed by M. Humboldt, on the small
islands in the South Sea, at Chinche, Ilo, I1za, and
Arica. Fifty vessels are laden with it annually at
Chinche, each of which carries from 1500 to 2000
cubical feet, It is used as a manure only in very
small quantities; and particularly for crops of

Muriate of ammonia, free lactic acid,
} 1714
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maize. I made some experiments on specimens of
guano sent from South America to the Board of
Agriculture in 1805. It appeared as a fine brown
powder; it blackened by heat, and gave off strong
ammoniacal fumes; treated with nitric acid, it
afforded uric acid. In 1806 MM. Fourcroy and
Vauquelin published an elaborate analysis of guano.
They state that it contains a fourth part of its
weight of uric acid, partly saturated with ammo-
nia, and partly with potassa ; some phosphoric acid
combined with the same bases, and likewise with
lime, small quantities of sulphate and muriate
of potassa, a little fatty matter, and some quart-
zose sand.

It is easy to explain its fertilizing properties:
from its composition it might be supposed to be a
very powerful manure. It requires water for the
solution of its soluble matter, to enable it to pro-
duce its full beneficial effect on crops.

The dung of sea birds has, I believe, never been
used as a manure in this country ; but it is probable
that even the soil of the small islands on our coast
much frequented by them would fertilize. Some
dung of sea birds brought from a rock on the coast
of Merionethshire produced a powerful but tran-
sient effect on grass. It was tried, at my request,
by Sir Robert Vaughan at Nannau.

The rains in our climate must tend very much
to injure this species of manure, where it is exposed
to them, soon after its deposition ; but it may pro-
bably be found in great perfection in caverns or
clefts in rocks, haunted by cormorants and gulls.
I examined some recent cormorant’s dung which I

T 2
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found on a rock near Cape Lizard in Cornwall. It
had not at all the appearance of the guano; was of
a greyish white colour; had a very feetid smell,
like that of putrid animal matter: when acted on
by quicklime, it gave abundance of ammonia;
treated with nitric acid, it yielded uric acid.

Night-soil, it is well known, is a very powerful
manure, and very liable to decompose, It differs
in its composition ; but always abounds in sub-
stances composed of carbon, hydrogen, azote, and
oxygen. IFrom the analysis of Berzelius, it ap-
pears that a part of it is always soluble in water;
and in whatever state it is used, whether recent
or fermented, it supplies abundance of food to
plants.

The disagreeable smell of night-soil may be de-
stroyed by mixing it with quicklime; and if ex-
posed to the atmosphere in thin layers strewed over
with quicklime in fine weather, it speedily dries, is
easily pulverised, and in this state may be used in
the same manner as rape-cake, and delivered into
the furrow with the seed.

The Chinese, who have more practical knowledge
of the use and application of manures than any
other people existing, mix their night-soil with one
third of its weight of a fat marl, make it into
cakes, and dry it by exposure to the sun. These
cakes, we are informed by the French missionaries,
have no disagreeable smell, and form a common
article of commerce of the empire.

The earth, by its absorbent powers, probably
Prevents, to a certain extent, the action of moisture
upon the dung, and likewise defends it from the
effects of air.
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After night-soil, pigeons’ dung comes next in
order, as to fertilizing power. I digested 100 grains
of pigeons’ dung in hot water for some hours, and
obtained from it 23 grains of soluble matter ; which
afforded abundance of carbonate of ammonia by
distillation ; and left carbonaceous matter, saline
matter principally common salt, and carbonate of
lime, as a residuum. Pigeons’ dung, when moist,
readily ferments, and after fermentation contains
less soluble matter than before: from 100 parts of
fermented pigeons’ dung, I obtained only eight
parts of soluble matter, which gave proportionally
less carbonate of ammonia in distillation than recent
pigeons’ dung.

It is evident that this manure should be applied
as new as possible ; and when dry, it may be em-
ployed in the same manner as the other manures
capable of being pulverised.

The soil in woods where great flocks of wood-
pigeons roost is often highly impregnated with their
dung, and, it cannot be doubted, would form a
valuable manure. I have found such soil yield
ammonia when distilled with lime. In the winter,
likewise, it usually contains abundance of vegetable
matter, the remains of decayed leaves; and the
dung tends to bring the vegetable matter into a
state of solution.

The dung of domestic jfowls approaches very
nearly in its nature to pigeons’ dung. Uric acid
has been found init. It gives carbonate of am.-
monia by distillation, and immediately yields solu-
ble matter to water. It is very liable to ferment.

The dung of fowls is employed in common with

T 3
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that of pigeons by tanners to bring on a slight
degree of putrefaction in skins that are to be used
for making soft leather ; for this purpose the dung
is diffused through water. In this state, it rapidly
undergoes  putrefaction, and brings on a similar
change in the skin. The excrements of dogs are
employed by the tanner with similar effects. Inall
cases, the contents of the grainer, as the pit is
called in which soft skins are prepared by dung,
must form a very useful manure.

Rabbits’ dung has never been analysed. It is
used with great success as a manure by Mr. Fane,
who finds it profitable to keep rabbits in such a
manner as to preserve their dung. It is laid on as
fresh as possible, and is found better the less it has
fermented.

The dung of cattle, oxen, and cows, has been
chemically examined by MM. Einhof and Thaer.
They found that it contained matter soluble in
water ; and that it gave in fermentation nearly the
same products as vegetable substances, absorbing
oxygen, and producing carbonic acid gas.

The recent dung of sheep and of deer afford,
when long boiled in water, soluble matters, which
equal from two to three per cent. of their weight.
I have examined these soluble substances procured
by solution and evaporation: they contain a very
small quantity of matter analogous to animal mu-
cus; and are principally composed of a bitter
extract, soluble both in water and in alcohol. They
give ammoniacal fumes by distillation ; and appear
to differ very little in composition.

I watered some blades of grass for several suc-
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cessive days with a solution of these extracts ; they
evidently became greener in consequence, and
grew more vigorously than grass in other respects
under the same circumstances.

The part of the dung of cattle, sheep, and deer,
not soluble in water, appears to be mere woody
fibre, and precisely analogous to the residuum of
those vegetables that form their food after they
have been deprived of all their soluble materials.

The dung of horses gives a brown fluid, which,
when evaporated, yields a bitter extract, which
affords ammoniacal fumes more copiously than that
from the dung of oxen.

If the pure dung of cattle is to be used as ma-
nure, like the other species of dung which have
been mentioned, there seems no reason why it
should be made to ferment, except in the soil; or
if suffered to ferment, it should be only in a very
slight degree. 'The grass in the neighbourhood of
recently voided dung is always coarse and dark
green; some persons have attributed this to a
noxious quality in unfermented dung ; but it seems
to be rather the result of an excess of food fur-
nished to the plants.

The question of the proper mode of the appli-
cation of the dung of horses and cattle, however,
properly belongs to the subject of composite ma-
nures, for it is usually mixed in the farm-yard with
straw, offal, chaff, and various kind of litter ; and
itself contains a large proportion of fibrous vege-
table matter.

A slight incipient fermentation is undoubtedly
of use in the dunghill ; for by means of it a. dispo-
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sition is brought on in the woody fibre to decay
and dissolve, when it is carried to the land, or
ploughed into the soil ; and woody fibre is always
in great excess in the refuse of the farm.

Too great a degree of fermentation is, however,
very prejudicial to the composite manure in the
dunghill ; it is better that there should be no fer-
mentation at all before the manure is used, than
that it should be carried too far. This must be
obvious from what has been already stated in this
Lecture. The excess of fermentation tends to the
destruction and dissipation of' the most useful part
of the manure; and the ultimate results of this
process are like those of combustion.

It is a common practice amongst farmers to suffer
the farm-yard dung to ferment till the fibrous tex-
ture of the vegetable matter is entirely broken
down, and till the manure becomes perfectly cold,
and so soft as to be easily cut by the spade.

Independent of the general theoretical views un-
favourable to this practice founded upon the nature
and composition of vegetable substances, there are
many arguments and facts which show that it is
prejudicial to the interests of the farmer.

During the violent fermentation which is neces-
sary for reducing farm-yard manure to the state in
which it is called skort muck, not only a large
quantity of fluid, but likewise of gaseous matter, is
lost; so much so, that the dung is reduced one
half, or two thirds in weight; and the principal
elastic matter disengaged is carbonic acid, with
some ammonia ; and both these, if retained by the
moisture in the soil, as has been stated before, are
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capable of becoming an useful nourishment of
plants.

In October, 1808, I filled a large retort, capable
of containing three pints of water, with some hot
fermenting manure, consisting principally of the
litter and dung of cattle ; I adapted a small receiver
to the retort, and connected the whole with a mer-
curial pneumatic apparatus, so as to collect the
condensible and elastic fluids which might rise
from the dung. The receiver soon became lined
with dew, and drops began in a few hours to trickle
down the sides of it. Elastic fluid likewise was
generated ; in three days 85 cubical inches had
been formed, which, when analysed, were found to
contain 21 cubical inches of carbonic acid; the
remainder was hydrocarbonate mixed with some
azote, probably no more than existed in the com-
mon air in the receiver. The fluid matter collected
in the receiver at the same time amounted to nearly
half an ounce. It had a saline taste, and a dis-
agreeable smell, and contained some acetate and
carbonate of ammonia.

Finding such products given off from ferment-
ing litter, I introduced the beak of another retort,
filled with similar dung very hot at the time, into
the soil amongst the roots of some grass in the
border of a garden; in less than a week a very
distinct effect was produced on the grass; upon
the spot exposed to the influence of the matter
disengaged in fermentation, it grew with much
more luxuriance than the grass in any other part
of the garden.

Besides the dissipation of gaseous matter when
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fermegtation is pushed to the extreme, there is
another disadvantage in the loss of keat, which, if
excited in the soil, is useful in prometing the ger-
mination of the seed, and in assisting the plant in
the first stage of its growth, when it is most feeble
and most liable to disease: and the fermentation
of manure in the soil must be particularly favour-
able to the wheat crop in preserving a genial tem-
perature beneath the surface late in autumn, and
during winter.

Again, it is a general principle in chemistry, that
in all cases of decomposition, substances combine
much more readily at the moment of their disen-
gagement, than after they have been perfectly
formed. And in fermentation beneath the soil,
the fluid matter produced is applied instantly, even
whilst it is warm, to the organs of the plant, and
consequently is more likely to be efficient than in
manure that has gone through the process, and
of which all the principles have entered into new
combinations.

In the writings of scientific agriculturists, a
great mass of facts may be found in favour of the
application of farm-yard dung in a recent state.
Mr. Young, in the Essay on Manures, which I
have already quoted, adduces a number of excel-
lent authorities in support of the plan. Many who
doubted have been lately convinced ; and perhaps
there is no subject of investigation in which there
is such a union of theoretical and practical evi-
dence. I have myself within the last ten years
witnessed a number of distinct proofs on the sub-
ject. T shall content myself with quoting that
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which ought to have, and which 1 am sure will
have, the greatest weight among agriculturists.
Within the last seven years, Mr. Coke has entirely
given up the system formerly adopted on his farm
of applying fermented dung; and he iniorms me
that his crops have been since as good as they
ever were, and that his manure goes nearly twice
as far.

A great objection against slightly fermented
dung is, that weeds spring up more luxuriantly
where it is applied. If there are seeds carried out
in the dung, they certainly will germinate; but it
is seldom that this can be the case to any extent;
and if the land is not cleansed of weeds, any kind
of manure fermented or unfermented will occasion
their rapid growth. If slightly fermented farm-
yard dung is used as a top-dressing for pastures,
the long straws and unfermented vegetable matter
remaining on the surface should be removed as
soon as the grass begins to rise vigorously by
raking, and carried back to the dunghill: in this
case no manure will be lost, and the husbandry
will be at once clean and economical.

In cases when farm-yard dung cannot be imme-
diately applied to crops, the destructive ferment-
ation of it should be prevented as much as pos-
sible : the principles on which this may be effected
have been already alluded to.

The surface should be defended as much as
possible from the oxygen of the atmosphere; a
compact marl, or a tenacious clay, offers the best
protection against the air; and before the dung
is covered over, or, as it were, sealed up, it should
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be dried as much as possible. If the dung is found
at any time to heat strongly, it should be turned
over, and cooled by exposure to air.

Watering dunghills is sometimes recommended
for checking the progress of fermentation ; but this
practice is inconsistent with just chemical views.
It may cool the dung for a short time; but mois-
ture, as I have before stated, is a principal agent
in all processes of decomposition. Dry fibrous
matter will never ferment. Water is as necessary
as air to the process; and to supply it to ferment-
ing dung, is to supply an agent which will hasten
its decay.

In all cases when dung is fermenting, there are
simple tests by which the rapidity of the process,
and consequently the injury done, may be dis-
covered.

If a thermometer plunged into the dung does
not rise to above 100 degrees of FFahrenheit, there
is little danger of much aériform matter flying off.
If the temperature is higher, the dung should be
immediately spread abroad.

When a piece of paper, moistened in muriatic
acid, held over the steams arising from a dunghill,
gives dense fumes, it is a certain test that the de-
composition is going too far; for this indicates
that volatile alkali is disengaged.

When dung is to be preserved for any time, the
situation in which it is kept is of importance. It
should, if possible, be defended from the sun. To
preserve it under sheds would be of great use; or
to make the site of a dunghill on the north side of
a wall. The floor on which the dung is heaped
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should, if possible, be paved with flat stones; and
there should be a little inclination from each side
towards the centre, in which there should be drains
connected with a small well, furnished with a pump,
by which any fluid matter may be collected for the
use of the land. It too often happens that a dense
mucilaginous and extractive fluid is suffered to
drain away from the dunghill, so as to be entirely
lost to the farm.*

Street and road dung, and the sweepings of houses,
may be all regarded as composite manures; the
constitution of them is necessarily various, as they
are derived from a number of different substances.
These manures are usually applied in a proper
manner, without being fermented.

Soot, which is principally formed from the com-
bustion of pit-coal or coal, gencrally contains like-
wise substances derived from animal matters. This
is a very powerful manure. It affords ammoniacal
salts by distillation, and yields a brown extract to
hot water, of' a bitter taste. It likewise contains
an empyreumatic oil. Its basis is charcoal, in a

* The state in which farm-yard manure should be used is
still a questio vexrata ; and is likely to remain so, till an extensive
series of judicious experiments shall have been made on the
subject by competent persons, equally qualified by theoretical
and practical knowledge to arrive at precise results, and to be
able to communicate them. The question, in all its relations,
is necessarily one of extreme difficulty, as well as of importance.
Probably composts, or mixtures of stable and farm-yard manure,
with marl, clay, or lime, according to circumstances, will prove
most advantageous of all, if kept well covered with earth, so as
to allow of a certain degree of fermentation, and yet prevent any
material loss of gaseous matter, — J. D.
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state in which it is capable of being rendered so-
luble by the action of oxygen and water.

This manure is well fitted to be used in the dry
state, thrown into the ground with the seed, and
requires no preparation.

The doctrine of the proper application of ma-
nures from organised substances offers an illustra-
tion of an important part of the economy of nature,
and of the happy order in which it is arranged.

The death and decay of animal substances tend
to resolve organised forms into chemical consti-
tuents ; and the pernicious effluvia disengaged in
the process seem to point out the propriety of
burying them in the soil, where they are fitted to
become the food of vegetables. The fermentation
and putrefaction of organised substances in the
free atmosphere are noxious processes; beneath the
surface of the ground, they are salutary operations.
In this case the food of plants is prepared where it
can be used; and that which would offend the
senses and injure the health, if exposed, is con-
verted by gradual processes into forms of beauty
and of usefulness ; the feetid gas is rendered a con-
stituent of the aroma of the flower, and what might
be poison becomes nourishment to animals and to
man.
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LECTURE VII

ON MANURES OF MINERAL ORIGIN, OR FOSSIL MANURES;
THEIR PREPARATION, AND THE MANNER IN WHICH THEY
ACT. OF LIME IN ITS DIFFERENT STATES; OPERATION
OF LIME AS A MANURE AND A CEMENT ; DIFFERENT COM~
BINATIONS OF LIME. OF GYPSUM; IDEAS RESPECTING
1ITS USE. OF OTHER NEUTRO-SALINE COMPOUNDS, EM=-
PLOYED AS MANURES. OF ALKALIES AND ALKALINE
SALTS ; OF COMMON SALT.

Tue whole tenor of the preceding Lectures shows
that a great variety of substances contributes to
the growth of plan*s, and supplies the materials of
their nourishment. The conversion of matter that
has belonged to living structures into organised
forms is a process that can be easily understood ;
but it is more difficult to follow those operations by
which earthy and saline matters are consolidated
in the fibre of plants, and by which they are made
subservient to their functions. Some inquirers,
adopting that sublime generalisation of the ancient
philosophers that matter is the same in essence,
and that the different substances considered as
elements by chemists are merely different arrange-
ments of the same indestructible particles, have
endeavoured to prove that all the varieties of the
principles found in plants may be formed from the
substances in the atmosphere ; and that vegetable
life is a process in which bodies that the analytical
philosopher is unable to change or to form are con-
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stantly composed and decomposed. These opinions
have not been advanced merely as hypotheses ;
attempts have been made to support them by ex-
periments. M. Schrader and Mr. Braconnot, from
a series of distinct investigations, have arrived at
the same conclusions. They state that different
seeds sown in fine sand, sulphur, and metallic ox-
ides, and supplied only with atmospherical air and
water, produced healthy plants, which by analysis
yielded various carthy and saline matters, which
either were not contained in the seeds or the ma-
terial in which they grew, or which were contained
only in much smaller quantities in the seeds: and
hence they conclude that they must have been
formed from air or water, in consequence of the
agencies of the living organs of the plant.

The researches of these two gentlemen were
conducted with much ingenuity and address; but
there were circumstances which interfered with
their results, which they could not have known, as
at the time their labours were published they had
not been investigated.

I have found that common distilled water is far
from being free from saline impregnations. In
analysing it by Voltaic electricity, I procured from
it alkalies and earths; and many of the combinations
of metals with chlorine are extremely volatile sub-
stances. When distilled water is supplied in an
unlimited manner to plants, it may furnish to them
a number of different substances, which, though in
quantities scarcely perceptible in the water, may
accumulate in the plant, which probably perspires
only absolutely pure water..
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In 1801 I made an experiment on the growth of
oats, supplied with a limited quantity of distilled
water in a soil composed of pure carbonate of lime.
The soil and the water were placed in a vessel of
iron, which was included in a large jar, connected
with the free atmosphere by a tube, so curved as to
prevent the possibility of any dust, or fluid, or solid
matter from entering into the jar. My object was
to ascertain whether any siliceous earth would be
formed in the process of vegetation ; but the oats
grew very feebly, and began to be yellow before
any flowers formed: the entire plants were burnt,
and their ashes compared with those from an equal
number of grains of oat. Less siliceous earth was
given by the plants than by the grains; but their
ashes yielded much more carbonate of lime. That
there was less siliceous earth, I attribute to the
circumstance of the husk of the oat being thrown.
off in germination ; and this is the part which most
abounds in silica. Healthy green oats, taken from
a growing crop, in a field of which the soil was a
fine sand, yiclded siliceous earth in 2 much greater
proportion than an equal weight of the corn artifi-
cially raised.

The general results of this experiment are very
much opposed to the idea of the composition of
the earths, by plants, from any of the elements
found in the atmosphere, or in water; and there
are other facts contradictory to the idea. Jacquin
states that the ashes of Glass Wort (salsola soda),
when it grows in inland situations, afford the vege-
table alkali; when it grows on the sea-shore, where
compounds which aﬁ'ord the fossil or marine alkali
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are more abundant, it yields that substance. Du
Hamel found that plants which usually grow on
the sea-shore, made small progress when planted
in soils containing little common salt. The sun-
flower, when growing in lands containing no nitre,
does not afford that substance; though when
watered by a solution of nitre, it yields nitre
abundantly. The tables of De Saussure, referred
to in the Third Lecture, show that the ashes of
plants are similar in constitution te the soils in
which they have vegetated. ’

De Saussure made plants grow in solutions of
different salts, and he ascertained that in all cases
certain portions of the salts were absorbed by the
plant, and found unaltered in their organs.

- Even animals do not appear to possess the power
of forming the alkaline and earthy substances.
Dr. Fordyce found, that when canary birds, at the
time they were laying eggs, were deprived of access
to carbonate of lime, their eggs had soft shells;
and if there is any process for which nature may be
conceived most likely to supply resources of this
kind, it is that connected with the reproduction ot
the species. :

As the evidence on the subject now stands, it
seems fair to conclude, that the different earths and
saline substances found in the organs of plants are
supplied by the soils in which they grow ; and in
no cases composed by new arrangements of the
elements in air or water. What may be our ulti-
mate view of the laws of chemistry, or how far our
ideas of elementary principles may be simplified, it
% impossible to say. We can only reason from
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facts. We cannot imitate the powers of compo.
sition belonging to vegetable structures; but at
least we can understand them : and, as far as our
researches have gone, it appears that in vegetation
compound forms are uniformly produced from
simpler ones; and the elements in the soil, the
atmosphere, and the earth, absorbed and made’
parts of beautiful and diversified structures.

The views which have been just developed lead
to correct ideas of the operation of these manures,
which are not necessarily the result of decayed or-
ganised bodies, and which are not composed of
different proportions of carbon, hydrogen, oxygen,
and azote. They must produce their effect, either
by becoming a constituent part of the plant, or by
acting upon its more essential food, so as to render
it more fitted for the purposes of vegetable life.

The only substances which can with propriety be
called fossil manures, and which are found un-
mixed with the remains of any organised beings,
are certain alkaline earths, or alkalies, and their
combinations.

The only alkaline earths which have been hi.
therto applied in this way, are lime and mag-
nesia. Potassa and soda, the two fixed alkalies, are
both used in certain of their chemical compounds.
I shall state in succession such facts as have come
to my-knowledge respecting each of these bodies
in their applications to the purposes of agricultures
but I shall enlarge most upon the subject of lime;
and if I should enter into some details which may
be tedious and minute, I trust, my excuse will be
found in the importance of the inquiry; and.it is

U 2
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one which has been greatly elucidated by late dis-
coveries. )

The most common form in which lime is found
on-the surface of the earth, is in a stafe of combin-
ation with carbonic acid or fixed air. If a piece of
limestone, or chalk, be thrown into a fluid acid,
there will be an effervescence. This is owing to
the escape of the carbonic acid gas. The lime
becomes dissolved in the liquor.

When limestone is strongly heated, the carbonic
acid gas is expelled, and then nothing remains but
the pure alkaline earth: in this case there is a loss
of weight ; and if the fire has been very high, it
approaches to one half the weight of the stone;
but in common cases, limestones, if well dried be-
fore burning, do not lose much more than from 30
to 40 per cent., or from seven to eight parts out
of 20.

I mentioned, in discussing the agencies of the
atmosphere upon vegetables, in the beginning of
the Fifth Lecture, that air always contains carbonic
acid gas, and that lime is precipitated from water
by this substance. When burnt lime is exposed to
the atmosphere, in a certain time it becomes mild,
and is the same substance as that precipitated from
lime-water ; it is combined with carbonic acid gas.
Quicklime, when first made, is caustic and burning
to the tongue, renders vegetable blues green, and
is soluble in water; but when combined with
carbonie acid it loses all these properties, its solu-
bility, and its taste : it regains its power of effer-
vescing, and becomes the same chemical substance
a8 chalk or limestone.
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Very few limestones or chalks consist entirely of
lime and carbonic acid. The statuary marbles, or
certain of the rhomboidal spars, are almost the
only pure species; and the different properties of
limestones, both as manures and cements, depend
upon the nature of the ingredients mixed in the
limestone ; for the true calcareous element, the
carbonate of lime, is uniformly the same in nature,
properties, and effects, and consists of one propor-
tion of carbonic acid 414, and one of lime 55.

When a limestone does not copiously effervesce
in acids, and is sufficiently hard to scratch glass, it
contains silicéous, and probably aluminous earth.
When it is deep brown or red, or strongly coloured
of any of the shades of brown or yellow, it con-
tains oxide of iron. When it is not sufficiently
hard to scratch glass, but effervesces slowly, and
makes the acid in which it effervesces milky, it
contains magnesia. And when it is black and
emits a foetid smell if rubbed, it contains coally or
bituminous matter.

The analysis of limestones is not a difficult mat-
ter; and the proportions of their constituent parts
may be easily ascertained by the processes described
in the Lecture on the Analysis of Soils ; and usually
with sufficient accuracy for all the purposes of the
farmer, by the fifth process.

Before any opinion can be formed of' the manner
in which the different ingredients in limestones
modify their properties, it will be necessary to
consider the operation of the pure calcareous ele-
ment as a manure, and as a cement.

Quicklime in its pure state, whether in powder

v 3
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or dissolved in water, is injuiious to plants. I
have in several instances killed grass by watering
it with lime-water. But lime, in its state of com-
bination with carbonic acid, as is evident from the
analyses given in the Fourth Lecture, is a useful
ingredient in soils. Calcareous earth is found in
the ashes of the greater number of plants; and
exposed to the air lime cannot long continue caustic,
for the reasons that were just now assigned, but
soon becomes united to carbonic acid.

When newly burnt lime is exposed to air, it soon
falls into powder; in this case it is called slacked-
lime ; and the same effect is immediately produced
by throwing water upon it, when it heats violently,
and the water disappears.

Slacked-lime is merely a combination of lime
with about one third of its weight of water; i. e.
55 parts of lime absorb 17 parts of water; and in
this case it is composed of a definite proportion of
lime to a definite proportion of water, and is called
by chemists kydrate of lime ; and when hydrate of
lime becomes carbonate of lime by long exposure
to air, the water is expelled, and the carbonic acid
gas takes its place.

When lime, whether freshly burnt or slacked, is
mixed with any moist fibrous vegetable matter,
there is a strong action between the lime and the
vegetable matter, and they form a kind of compost
together, of which 3 part is usually soluble in water.

By this kind of operation, lime renders matter
which was before comparatively inert nutritive; -
and as charcoal and oxygen abound in all vegetable
matters, it becomes at the same time converted into
carbonate of lime.
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Mild lime, powdered limestone, marls or chalks,
have no actian of this kind upon vegetable matter ;
oy their action they prevent the too rapid decom-
position of substances already dissolved ; but they
have no tendency to form soluble matters.

It is obvious from these circumstances that the
operation of quicklime, and marl or chalk, depends
upon principles altogether different. Quicklime,
in being applied to land, tends to bring any hard
vegetable matter that it contains into a.state of
more rapid decomposition and solution, so as to
render it a proper food for plants. Chalk, and
marl, or carbonate of lime, will only improve the
texture of the soil, or its relation to absorption ;
it acts merely as one of its earthy ingredients.
Quicklime, when it becomes mild, operates in the
same manner as chalk; but in the act of becoming
mild, it prepares soluble out of insoluble matter.

It is upon this circumstance that the operation of
lime in the preparation for wheat crops depends ;
and its efficacy in fertilizing peats, and in bringing
into a state of cultivation all soils abounding in hard
roots, or dry fibres, or inegt vegetable matter.

The solution of the -question, whether quicklime
ought to be applied to a soil, depends upon the
quantity of inert vegetable matter that it contains.
The solution of the question, whether marl, mild
lime, or powdered limestone, ought to be applied,
depends upon the quantity of calcareous matter
already in the soil.  All soils are improved by mild
lime, and ultimately by quicklime, which do not
effervesce with acids; and sands more than clays.

When a soil, deficient in calcareous mattercon-

U 4



296

tains much soluble vegetable manure, the applica-
tion of quicklime should always be avoided, as it
either tends to decompose the soluble matters by
uniting to their carbon and oxygen so as to be-
come mild lime, or it combines with the soluble
matters, and forms compounds, having less attrac-
tion for water than the pure vegetable substance.

The case is the same with respect to most animal
manures ; but the operation of the lime is different
in different cases, and depends upon the nature of
- the animal matter. Lime forms a kind of insolu-
ble soap with oily matters, and then gradually de-
composes them by separating from them oxygen
-and carbon. It combines likewise with the animal
acids; and probably assists their decomposition by
abstracting carbonaceous matter from them com-
bined with oxygen; and consequently it must ren-
der them less nutritive. It tends to diminish like-
wise the nutritive powers of albumen from the
same causes; and always destroys to a certain
extent the efficacy of animal manures, either by
combining with certain of their elements, or by
giving to them new arrangements. Lime should
never be applied with animal manures, unless they
are too rich, or for the purpose of preventing
noxious effluvia, as in certain cases mentioned in
the last Lecture. It is injurious when mixed with
any common dung, and tends to render the ex-
tractive matter insoluble.

I made an experiment on this subject: I mixed
a quantity of the brown soluble extract, which was
procured from sheep’s dung, with five times its
weight of quicklime. I then moistened them with
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water ; the mixture heated very much; it was suf-
fered to remain for 14 hours, and was then acted
on by six or seven times its bulk of pure water:
the water, after being passed through a filter, was
evaporated to dryness; the solid matter obtained
was scarcely coloured, and was lime mixed with a
little saline matter.

In those cases in which fermentation is useful to
produce nutriment from vegetable substances, lime
is always efficacious. I mixed some moist tanner’s
spent bark with one fifth of its weight of quicklime,
and suffered them to remain together in a close
vessel for three months; the lime had become
coloured, and was effervescent: when water was
boiled upon the mixture, it gained a tint of fawn
colour, and by evaporation furnished a fawn-co-
loured powder, which must have consisted of lime
united to vegetable matter, for it burnt when
strongly heated, and left a residuum of mild lime.*

The limestones containing alumina and silica
are less fitted for the purposes of manure than
pure limestones; but the lime tormed from them
has no noxious quality., Such stones are less

* The manner in which lime acts in agriculture requires
further and minute investigation, and is a most important sub-
ject for inquiry. From the experiments I have made, I have
satisfied myself that it arrests equally vinous and the putrid fer-
mentation, and that in close vessels it may be used for preserv-
ing both animal and vegetable substances. When it promotes
the solution of vegetable substances, it is probably owing either
to forming with them soluble compounds, as in the instance of
ulmin (vide note, p. 113.), or in promoting the production of
proximate principles from their elements, capable of entering
into union with it, and with which it forms such soluble com-
pounds. — J. D.
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efficacious, merely because they furnish a smaller
quantity of quicklime.

I mentioned bituminous limestones. There is
very seldom any considerable portion of coally
matter in these stones ; never as much as five parts
in 100; but such limestones make very good lime.
The carbonaceous matter can do no injury to the
land, and may, under certain circumstances, be-
come a food of the plant, asis evident from what
was stated in the last Lecture.

The subject of the application of the magnesian
limestone is one of great interest.

It had been long known to farmers in the neigh-
bourhood: of Doncaster, that lime made from a
certain limestone applied to the land often injured
the crops considerably, as I mentioned in the In-
troductory Lecture. Mr. Tennant, in making a
series of experiments upon this peculiar calcareous
substance, found that it contained magnesia; and
on mixing some calcined magnesia with soil in
which he sowed different seeds, he found that they
either died, or vegetated in a very imperfect man-
ner, and the plants were never healthy. And with
great justice and ingenuity he referred the bad
effects of the peculiar limestone to the magnesian
earth it contains.

In making some inquiries concerning this sub-
ject, I found that there were cases in which this
magnesian limestone was used with good effect.

Amongst some specimens of limestone which
Lord Somerville put into my hands, two marked as
peculiarly good proved to be magnesian limestones.
And lime made from the Breedon limestone is used
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in Leicestershire, where it is called #ut ime; and
I have been informed hy #urers in the neighbour-
hoed or the quarry, that they employ it advantage-
ously in small quantities, seldom more than 25 or
30 bushels to the acre. And that they find it may
be used with good effect in larger quantities upon
rich land.

A minute chemical consideration of this ques-
tion will lead to its solution.

Magnesia has a much weaker attraction for car-
bonic acid than lime, and will remain in the state
of caustic or calcined magnesia for many months,
though exposed to the air. And as long as any
caustic lime remains, the magnesia cannot be com-
bined with carbonic acid, for lime instantly attracts
carbonic acid from magnesia.

When a magnesian limestone is burnt, the mag-
nesia is deprived of carbonic acid much sooner than
the lime; and if' there is not much vegetable or
animal matter in the soil to supply by its decom-
position carbonic acid, the magnesia will remain for
a long while in the caustic state; and in this state
acts as a poison to certain vegetables. And that
more magnesian lime may be used upon rich soils,
seems to be owing to the circumstance, that the
decomposition of the manure in them supplies car-
bonic acid. And magnesia in its mild state, . e.
fully combined with carbonic acid, seems to be
always a useful constituent of soils. 1 have thrown
carbonate of magnesia (procured by boiling the
solution of magnesia in super-carbonate of potassa)
upon grass, and upon growing wheat and barley,
so as to render the surface white; but the vege-
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tation Was ..«¢ ipjured in the slightest degree. And
one of the most fervite parts of Cornwall, the Lizard,
is a district in which the soil contains witd magne-
sian earth.

The Lizard Downs bear a short and green grass,
which feeds sheep, producing excellent mutton;
and the cultivated parts are amongst the best corn
lands in the county.

That the theory which I have ventured to give of
the operation of magnesian lime is not unfounded,
is shown by an experiment which I made expressly
for the purpose of determining the true nature
of the operation of this substance. I took four
portions of the same soil : with one I mixed # of
its weight of caustic magnesia, with another I
mixed the same quantity of magnesia and a pro-
portion of a fat decomposing peat equal to one
fourth of the weight of the soil. One portion of
soil remained in its natural state : and another was
mixed with peat without magnesia. The mixtures
were made in December 1806 ; and in April 1807
barley was sown in all of them. It grew very well
in the pure soil; but better in the soil containing
the magnesia and peat, and nearly as well in the
soil containing peat alone: but in the soil contain-
ing the magnesia alone,” it rose very feeble, and
looked yellow and sickly.

I repeated this experiment in the summer of
1810 with similar results; and I found that the
magnesia in the soil mixed with peat became
strongly effervescent, whilst the portion in the un-
mixed soil gave carbonic acid in much smailer
quantities. In the one case the magnesia had
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assisted in the formation of' a manure, and had
become mild; in the other case it had acted as a
pmson.

It is obvious, from what has been said, that lime
from the magnesian limestone may be applied in
large quantities to peats; and that where lands
have been injured by the application of too large
a quantity of magnesian lime, peat will be a proper
and efficient remedy.

I mentioned that mdgnesian limestones effer-
vesced little when plunged into an acid. A simple
test of magnesia in a limestone is this circumstance,
and its rendering diluted nitric acid or aqua fortls
milky.

IFrom the analysis of Mr. Tennant, it appears
that the magnesian J'mestones contain from

20-3 to 22-5 magnesia.
29-5 to 31-7 lime.
47-2 carbonic acid.

0-8 clay and exide of iron.

Magnesian limestones are usually coloured brown
or a pale yellow. They are found in Somersetshire
Leicestershire, Derbyshire, Shropshire, Durham,
and Yorkshire. I have never met with any in
other counties in England; but they abound in
many parts of Ireland, particularly near Belfast.

The use of lime as a cement is not a proper sub-
ject for extensive discussion in a course of lectures
on the chemistry of agriculture ; yet as the theory
of the operation of lime in this way is not fully
stated in any elementary book that I have perused,
I shall say a very few words on the applications of
this part of chemical knowledge.

There are two modes in which lime acts as a
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cement ; in its combination with water, and in its
combination with carbonic acid.

The hydrate of lime has been already mentioned.
When quicklime is rapidly made into a paste with
water, it soon loses its softness, and the water and
the lime form together a solid coherent mass, which
consists, as has been stated before, of 17 parts of
water to 55 parts of lime. When hydrate of lime
whilst it is consolidating is mixed with red oxide
of iron, alumina, or silica, the mixture becomes
harder and more coherent than when lime alone is
used ; and it appears that this is owing to a certain
degree of chemical attraction between hydrate of
lime and these bodies; and they render it less
liable to decompose by the action of the carbonic
acid in the air, and less soluble in water.

The basis of all cements that are used for works
which are to be covered with water must be formed
from hydrate of lime; and the lime made from
impure limestones answers this purpose very well.
Puzzolana is composed principally of silica, alumina,
and oxide of iron ; and it is used mixed with lime,
to form cements intended to be employed under
water. Mr. Smeaton, in the construction of the
Eddystone lighthouse, used a cement composed of
equal parts by weight of slacked lime and puzzo-
lana. Puzzolana is a decomposed lava. Tarras,
which was formerly imported in considerable quan-
tities from Holland, is a mere decomposed basalt :
two parts of slacked lime and one part of tarras
form the principal part of the mortar used in the
great dykes of Holland. Substances which will
answer all the ends of puzzolana and tarras are
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abundant in the British islands., An excellent red
tarras may be procured in any quantities from the
Giants’ Causeway in the north of Ireland; and
decomposing basalt is abundant in many parts of
Scotland, and in the northern districts of England
in which coal is found.

Parker’s cement, and cements of the same kind
made at the alum works of Lord Dundas and Lord
Mulgrave, are mixtures of calcined ferruginous,
siliceous, and aluminous matter, with hydrate of
lime. :

The cements which act by combining with car-
bonic acid, or the common mortars, are made by
mixing together slacked lime and sand. These
mortars at first solidify as hydrates, and are slowly
converted into carbonate of lime by the action of
the carbonic acid of the air. Mr. Tennant found
that a mortar of this kind in three years and a
quarter had regained 63 per cent. of the quantity
of carbonic acid gas which constitutes the definite
proportion in carbonate of lime. The rubbish of
mortar from houses owes its power to benefit lands
principally to the carbonate of lime it contains, and
the sand in it; and its state of cohesion renders
it particularly fitted to improve clayey soils.

The hardness of the mortar in very old build-
ings depeunds upon the perfect conversion of all its
parts into carbonate of lime. The purest lime-
stones are the best adapted for making this kind of
mortar; the magnesian limestones make excellent
water cements, but act with too little energy
upon carbonic acid gas to make good common
mortar.
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~ The Romans, according to Pliny, made their
best mortar a year before it was used; so that it
was partially combined with carbonic acid gas be-
fore it was employed. * ~

In burning limé there are some particular pre-
cautions required for the different kinds of lime-
stones. In general, one bushel of coal is sufficient
to make four or five bushels of lime. The mag-
nesian limestone requires less fuel than the common
limestone. In all cases in which a limestone con-
taining much aluminous or siliceous earth is
burnt, great care should be taken to prevent the
fire from becoming too intense; for such lime
easily vitrifies, in consequence of the affinity of
lime for silica and alumina. And as in some places
there are no other limestones than such as contain
other earths, it is important to attend to this cir-
cumstance. A moderately good lime may be made
at a low red heat ; butit will melt into a glass ata
white heat. In limekilns for burning such lime,
there should be always a damper.

In general, when limestones are not magnesian,
their purity will be indicated by their loss of weight
in burning ; the more they lose, the larger is the
quantity of calcareous matter they contain. The
magnesian limestones contain more carbonic acid
than the common limestones ; and I have found all
of them lose more than half their weight by cal-
cination. '

* Pliny, speaking of the qualities of mortars, says, ¢ Intrita
quoque quo vetustior eo melior. In antiquarum edium legibus
invenitur, ne recentiore trima uteretur redemptor.” Nat. Hist.
lib. xxxvi. cap. 23. — J. D.
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Besides being used in the forms of lime and car-
bonate of lime, calcarcous matter is applied for the
purposes of agriculture in other combinations. One
of these bodies is gypsum or sulphate of lime,
This substance consists of sulphuric acid (the same
body that exists combined with water in oil of vit-
riol) and lime ; and when dr 'y it is composed of 55
parts of lime and 75 parts of sulphuric acid. Com-
mon gypsum or selenite, such as that found at
Shotover Hill near Oxford, contains, besides sulphu-
ric acid and lime, a considerable quantity of water ;
and its composition may be thus expressed : —

Sulphuric acid, one proportion 75
Lime, one proportion - - 55
Water, two proportions - - 34

The nature of gypsum is easily demonstrated : if
oil of vitriol be added to quicklime, there is a vio-
lent heat produced; when the mixture is ignited,
water is given off, and gypsum alone is the result,
if the acid has been used in sufficient quantity ;
and gypsum mixed with quicklime, if the quantity
has been deficient. Gypsum free from water is
sometimes found in nature, when it is called anhy-
drous selenite. It is distinguished from common
gypsum by giving off no water when heated.

When gypsum, free from water, or deprived of
water by heat, is made into a paste with water, it
rapidly sets by combining with that fluid. Plaster
of Paris is powdered dry gypsum*, and its property
as a cement, and in its use in making casts, depends
upon its solidifying a certain quantity of water, and

* Anhydrous gypsum.
X
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making with it a coherent mass. Gypsum is soluble
in about 500 times its weight of cold water, and is
more soluble in hot water; so that when water has
been boiled in contact with gypsum, crystals of
this substance are deposited as the water cools.

Gypsum is easily distinguished when dissolved by
its properties of affording precipitates to solutions
of oxalates and barytic salts.

Grreat difference of opinion has prevailed amongst
agriculturists with respect to the uses of gypsum.
It has been advantageously used in Kent, and
various testimonies in favour of its efficacy have
been laid before the Board of Agriculture by
Mr. Smith. In America it is employed with signal
success; but in most counties of England it has
failed, though tried in various ways and upon dif-
ferent crops.

Very discordant notions have been formed as to
the mode of operation of gypsum. It has been
supposed by some persons to act by its power of
attracting moisture from the air; but this agency
must be comparatively insignificant. When com-
bined with water, it retains that fluid too powerfully
to yield it to the roots of the plant, and its adhesive
attraction for moisture is inconsiderable ; the small
quantity in which it is used, likewise, is a circum-
stance hostile to this idea,

It has been said that gypsum assists the putre-
faction of animal substances, and the decomposition
of manure. I have tried some experiments on this
subject, which are contradictory to the notion. I
mixed some minced veal with about 4 part of its
weight of gypsum, and exposed some veal without
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gypsum under the same circumstances ; there was
no difference in the time in which they began to
putrefy, and the process seemed to me most rapid
in the case in which there was no gypsum present.
I made other similar mixtures, employing in some
cases larger and in some cases smaller quantities of
gypsum ; and I used pigeons’ dung in one instance
instead of flesh, and with precisely similar results.
It certainly in no case increased the rapidity of
putrefaction.

Though it is not generally known, yet a series of
experiments has been carried on for a great length of
time in this country upon the operation of gypsum
asamanure. The Berkshire and the Wiltshire peat-
ashes contain a considerable portion of this sub-
stance. In the Newbury peat-ashes I have found
from one fourth to one third of gypsum ; and a
larger quantity in some peat-ashes from the neigh-
bourhoed of Stockbridge : the other constituents
of these ashes are calcareous, aluminous, and sili-
ceous earth, with variable quantities of sulphate of
potassa, a little common salt, and sometimes oxide
of iron. The red ashes contain most of this last
substance.

These peat-ashes are used as a top-dressing for
cultivated grasses, particularly sainfoin and clover.
In examining the ashes of sainfoin, clover, and rye
grass, I found that they afforded considerable quan-
tities of gypsum; and this substance, probably, is
intimately combined as a necessary part of their
woody fibre. If this be allowed, it is easy to ex-
plain the reason why it operates in such small quan-
tities ; for the whole of a clover crop, or sainfoin

-~ m
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crop, on an acre, according to my estimation,
would afford by incineration only three or four
bushels of gypsum. In examining the soil in a
field near Newbury, which was taken from below a
footpath near the gate, where gypsum could not
have been artificially furnished, I could not detect
any of this substance in it ; and at the very time I
collected the soil, the peat-ashes were applied to
the clover in the field. The reason why gypsum is
not generally efficacious, is probably because most
cultivated soils contain it in sufficient quantities for
the use of the grasses. In the common course of
cultivation, gypsum is furnished in the manure ;
for it is contained in stable dung, and in the dung
of all cattle fed on grass; and itis not taken up in
corn crops, or crops of peas and beans, and in very
small quantities in turnip crops; but where lands
are exclusively devoted to pasturage and hay, it
will be continually consumed. I have examined
four different soils, cultivated by a series of common
courses of crops, for gypsum. One was a light
sand from Norfolk; another a clay, bearing good
wheat, from Middlesex; the third a sand from
Sussex ; the fourth a clay from Essex. I found
gypsum in all of them ; and in the Middlesex soil
it amounted nearly to one per cent. Lord Dundas
informs me, that having tried gypsum without any
benefit on two of his estates in Yorkshire, he was
induced to have the soil examined for gypsum,
according to the process described in the Fourth
Lecture, and this substance was found in both the
soils.

Should these statements be confirmed by future
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inquiries, a practical inference of some value may
be derived from them. It is possible that lands
which have ceased to bear good crops of clover, or
artificial grasses, may be restored by being manured
with gypsum. I have mentioned that this sub-
stance is found in Oxfordshire; it is likewise
abundant in many other parts of England; in
Gloucestershire, Somersetshire, Derbyshire, York-
shire, &c.; and requires only pulverisation for its
preparation.*

Some very interesting documents upon thie use
of sulphate of iron or green vitriol, which is a salt
produced from peat in Bedfordshire, have been laid
before the Board by Dr. Pearson; and I have
witnessed the fertilising effects of a ferruginous
water used for irrigating a grass meadow made by
the Duke of Manchester, at Priestley Bog, near
Woburn, an account of the produce of which has
been published by the Board of Agriculture. I
have no doubt that the peat salt and the vitriolic
water acted chiefly by producing gypsum.

The soils on which both are efficacious are cal-
careous ; and sulphate of iron is decomposed by
the carbonate of lime in such soils. The sulphate
of iron consists of sulphuric acid and oxide of iron,

* The manner in which gypsum acts in promoting the vege-
tation of the grasses, is still a disputed question. M. De Can-
dolle rejects the opinion expressed in the text, and adopts that
of M. Soquet, somewhat modified ; he thinks that gypsum is not
so much useful in the soil, if indeed it is at all, as when scat-
tered on the surface, and that it acts chiefly by stimulating the
leaves of the plants to which it adheres. (Vide Physiologie
Végétale, p. 1273.—J. D.

x 3
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and is an acid and a very soluble salt: when a
solution of it is mixed with carbonate of lime, the
sulphuric acid quits the oxide of iron to unite to
the lime, and the compounds produced are insipid
and comparatively insoluble.

I collected some of the deposition from the fer-
ruginous water on the soil in Priestley Meadow.
I found it consisted of gypsum, carbonate of iron,
and insoluble sulphate of iron. The principal
grasses in Priestley Meadow are, meadow fox-tail,
cock’s-foot, meadow fescue, fiorin, and sweet-
scented vernal grass. I have examined the ashes
of three of these grasses, meadow fox-tail, cock’s-
foot, and fiorin. They contained a considerable
proportion of gypsum.

Vitriolic impregnations, in soils where there is
no calcareous matter, as in a soil from Lincoln-
shire, to which I referred in the Fourth Lecture,
are injurious ; but it is probably in consequence of
their supplying an excess of ferruginous matter to
the sap. Oxide of iron in small quantities forms
a useful part of soils; and, as is evident from the
details in the Third Lecture, it is found in the
ashes of plants; and, probably, is hurtful only in
its acid combinations.

I have just mentioned certain peats, the ashes of
which afford gypsum; but it must not be inferred
from this that all peats agree with them. I have
examined various peat-ashes from Scotland, Ire-
land, Wales, and the northern and western parts
of England, which contained no quantity that could
be useful; and these ashes abounded in siliceous,
aluminous earths, and oxide of iren.
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Lord Charleville found in some peat-ashes from
Ireland sulphate of potassa, . e. the sulphuric acid
combined with potassa.

Vitriolic matter is usually formed in peats; and
if the soil or substratum is calcareous, the ultimate
result is the production of gypsum. In general,
when a recent peat-ash emits a strong smell re-
sembling that of rotten eggs when acted upon by
vinegar, it will furnish gypsum.

Phosphate of lime is a combination of phosphoric
acid and lime, one proportion of each. It is a com-
pound insoluble in pure water, but soluble in water
containing any acid matter. It forms the greatest
part of calcined bones. It exists in most excre-
mentitious substances, and is found both in the
straw and grain of ‘vheat, barley, oats, and rye, and
likewise in beans, peas, and tares. It exists in some
places in these islands native; but only in very
small quantities. Phosphate of' lime is generally
conveyed to the land in the composition of other
manure ; and it is probably necessary to corn crops
and other white crops.

Bone-ashes ground to powder will probably be
found useful on arable lands containing much ve-
getable matter, and may perhaps enable soft peats
to produce wheat; but the powdered bone in an
uncalcined state is much to be preferred in all
cases when it can be procured.

The saline compounds qf magnesia will require
very little discussion as to their uses as manures.
The most important relations of this subject to
agriculture have been considered in the former
part of this Lecture, when the application of the

X 4
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magnesian limestone was examined. In combin-
ation with sulphuric acid magnesia forms a soluble
salt. ‘'This substance, it is stated by some inquirers,
has been found of use as a manure; but it is not
found in nature in sufficient abundance, nor is it
capable of being made artificially sufficiently cheap
to be of useful application in the common course
of husbandry.

Wood ashes consist principally of the vegetable
alkali united to carbonic acid; and as this alkali
is found in almost all plants, it is not difficult to
conceive that it may form an essential part of their
organs. The general tendency of the alkalies is to
give solubility to vegetable matters; and in this
way they may render carbonaceous and other sub-
stances capable of being taken up by the tubes in
the radicle fibres of plants. The vegetable alkali,
likewise, has a strong attraction for water, and even
in small quantities may tend to give a due degree
of moisture to the soil, or to other manures*; though
this operation, from the small quantities used, or
existing in the soil, can be only of a secondary
kind.

The mineral alkali or soda is found in the ashes
of sea-weed, and may be procured by certain che-
mical agencies from common salt. Common salt

* This effect is well illustrated by the dampness of walls and
floors impregnated with minute quantities of deliquescent salts,
such as exist in sea-water. In further illustration, I may men-
tion a striking instance of dampness, amounting to a constant
dropping of water, from the ceiling of an uninhabited room im-
pregnated with salt, from brine having been spilt on the floor of
the room above some years previously.—J. D.
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consists of the metal named sodium combined with
chlorine ; and pure soda consists of the same ‘metal
united to oxygen. When water is present which
can afford oxygen to the sodium, soda may be
obtained in several modes from salt.

The same reasoning will apply to the operation
of the pure mineral alkali, or the carbonated alkali,
as to that of the vegetable alkali; and when
common salt acts as a manure, it is probably by
entering into the composition of the plant in the
same manner as gypsum, phosphate of lime, and
the alkalies. Sir John Pringle has stated that salt in
small quantities assists the decomposition of animal
and vegetable matter. This circumstance may
render it useful in certain soils. Common salt
likewise is offensive to insects. That in small
quantities it is sometimes a useful manure, I be-
lieve is fully proved; and it is probable that its
efficacy depends upon many combined causes.

Some persons have argued against the employ-
ment of salt; because, when used in large quan-
tities, it either does no good, or renders the ground
sterile ; but this is a very unfair mode of reasoning.
That salt in large quantities rendered land barren,
was known long before any records of’ agricultural
science existed. We read in the Scriptures, that
Abimelech took the city of Shechem, ¢ and beat
down the city, and sowed it with salt,”” that the
soil might be for ever unfruitful. Virgil reprobates
a salt soil; and Pliny, though he recommends
giving salt to cattle, yet affirms that when strewed
over land it renders it barren. But these are
not arguments against a proper application of it.
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Refuse salt in Cornwall, which, however, likewise
contains some of the oil and exuvise of fish, has
long been known as an admirable manure. - And
the Cheshire farmers contend for the benefit of the

pecuhar produce of their country.
It is not unlikely that the same causes influence

the effects of salt as those which act in modifying
the operation of gypsum. Most lands in this
island, particularly those near the sea, probably
contain a sufficient quantity of salt for all the pur-
poses of vegetation; and in such cases the supply
of it to the soil will not only be useless, but may
be injurious. In great storms the spray of the sea
has been carried more than 50 miles from the
shore; so that from this source salt must be often
supplied to the soil. I have found salt in all the
sandstone rocks that I have examined, and it must
exist in the soil derived from these rocks. It isa
constituent, likewise, of almost every kind of animal
and vegetable manure.

Besides these compounds of the alkaline earths
and alkalies, many others have been recommended
for the purpose of increasing vegetation; such as
nitre, or the nitrous acid combined with potassa.
Sir Kenelm Digby states, that he made barley grow
very luxuriantly by watering it with a very weak
solution of nitre ; but he is too speculative a writer
to awaken confidence in his results. This substance
consists of one proportion of azote, six of oxygen,
and one of potassium ; and it is not unlikely that
it may furnish azote to form albumen or gluten in
those plants that contain them; but the nitrous
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salts are too valuable for other purposes to be used
as manures.

Dr. Home states that sulphate of potassa, which,
as I just now mentioned, is found in the ashes of
some peats, is a useful manure. But Mr. Naismith*
questions his results; and quotes experiments
hostile to his opinion, and, as he conceives, un-
favourable to the efficacy of any species of saline
manure.

Much of the discordance of the evidence relating
to the efficacy of saline substances depends upon
the circumstance of their having been used in dif-
ferent proportions, and in general in quantities
much too large.

I made a number of experiments in May and
June, 1807, on the effects of different saline sub-
stances on barley and on grass growing in the same
garden, the soil of which was a light sand, of which
100 parts were composed of 60 parts of siliceous
sand, and 24 parts finely divided matter, consisting
of 17 parts carbonate of lime, 12 parts alumina
and silica, less than one part saline matter, prin-
cipally common salt, with a trace of gypsum and
sulphate of magnuesia : the remaining 16 parts were
vegetable matter.

The solutions of the saline substances were used
twice a week, in the quantity of two ounces, on
spots of grass and corn, sufficiently remote from
each other to prevent any interference of results.
The substances tried were super-carbonate, sulphate,
acelate, nitrate, and muriate of potassa ; sulphate

* Elements of Agriculture, p. 78.
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of soda, sulphate, nitrate, muriate, and carbonaie
of ammonia. 1 found that in all cases when the
quantity of the salt equalled 3% part of the weight
of the water, the effects were injurious; but least
so in the instances of the carbonate, sulphate, and
muriate of ammonia. When the quantities of the
salts were 337 part of the solution, the effects were
different. The plants watered with the solutions
of the sulphates grew just in the same manner as
similar plants watered with rain water. Those
acted on by the solution of nitre, acetate, and super-
carbonate of potassa, and muriate of ammonia, grew
rather better. Those treated with the solution of
carbonate of ammonia grew most luxuriantly of
all. This last result is what might be expected,
for carbonate of ammonia consists of' carbon, hy-
drogen, azote, and oxygen. There was, however,
another result which I had not anticipated ; the
plants watered with solution of nitrate of ammonia
did not grow better than those watered with rain
water. 'The solution reddened litmus paper; and
probably the free acid exerted a prejudicial effect,
and interfered with the result.

Soot doubtless owes a part of its efficacy to the
ammoniacal salt it contains. The liquor produced
by the distillation of coal contains carbonate and
acetate of ammonia, and is said to be a very good
manure.

In 1808, I found the growth of wheat in a field
at Roehampton assisted by a very weak solution of’
acetate of ammonia.

Soapers’ waste has been recommended as a ma-
nure, and it has been supposed that its efficacy de-
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pended upon the different saline matters it contains ;
but their quantity is very minute, indeed, and its
principal ingredients are mild lime and quicklime.
In the soapers’ waste from the best manufactories,
there is scarcely a trace of alkali. Lime moistened
with sea-water affords more of this substance, and
is said to have been used in some cases with more
benefit than common lime.

Mr. Knight informs me, that he has found, in
the two last seasons, that pond mud, of very poor
quality, chiefly clay, having been mixed with coal
dust, to afford fuel for his hot-houses, afforded a
manure of considerable power. It acts, however,
much more beneficially upon soils which are in
tolerably good condition, and perhaps rather sti-
mulates than feeds; for on very poor soil, where
some was laid in the last winter, its effects can
scarcely be perceived.

It is unnecessary to discuss to any greater extent
the effects of saline substances on vegetation ; ex-
cept the ammoniacal compounds, or the compounds
containing nitric, acetic, and carbonic acid, none
of them can afford by their decomposition any of
the common principles of vegetation, carbon, hy-
drogen, and oxygen.

The alkaline sulphates and the earthy muriates
are so seldom found in plants, or are found in such
minute quantities, that it can never be an object to
apply them to the soil. It was stated in the be-
ginning of this Lecture, that the earthy and alkaline
substances seem never to be formed in vegetation ;
and there is every reason likewise to believe that
they are never decomposed ; for after being ab-
sorbed they are found in their
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The metallic bases of them cannot exist in con-
tact with aqueous fluids ; and these metallic bases,
like other metals, have not as yet been resolved
into any other forms of matter by artificial pro-
cesses ; they combine readily with other elements ;
but they remain undestructible, and can be traced
undiminished in quantity, through their diversified
combinations,
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LECTURE VIII.

ON THE IMPROVEMENT OF LANDS BY BURNING ; CHEMICAL
PRINCIPLES OF THIS OPERATION. ON IRRIGATION AND
1TS EFFECTS. ON FALLOWING ; ITS DISADVANTAGES AND
USES. ON THE CONVERTIBLE HUSBANDRY FOUNDED ON
REGULAR ROTATIONS OF DIFFERENT CROPS. ON PAS-
TURE; VIEWS CONNECTED WITH ITS APPLICATION. ON
VARIOUS AGRICULTURAL OBJECTS CONNECTED WITH CHE-~
MISTRY. CONCLUSION.

Tre improvement of sterile lands by burning was
known to the Romans. It is mentioned by Virgil
in the first book of the Georgics: ¢ Sape etiam
steriles incendere profuit agros.” It is a practice
still much in use in many parts of these islands ;
the theory of its operation has occasioned much
discussion, both among scientific men and farmers.
It rests entirely upon chemical doctrines; and
I trust 1 shall be able to offer you satisfactory
elucidations on the subject.

The bases of all common soils, as I stated in the
Fourth Lecture, are mixtures of the primitive
earths and oxide of iron ; and these earths have a
certain degree of attraction for each other. To
regard this attraction in its proper point of view,
it is only necessary to consider the composition of
any common siliceous stone. Feldspar, for in-
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stance, contams s1hceous, aluminous, calcareous
earths, fixed alkdli, sad oxide of iron, which exist
in one compound, in consequence of their chemical
attractions for each other. Let this stone be ™
ground into impalpable powder, it then becomes-
a substance like clay: if the powder be heated
very stronor]y it fuses, and on cooling forms a
coherent mass similar to the original stone, the
parts separated by mechanical division adhere: agam
in consequence of chemical attraction. If the pow-
der is heated less strongly, the particles only super-
ficially combine with each other, and form a gritty
mass, which, when broken into pieces, has the
characters of sand.

If the power of the powdered feldspar to absorb
water from the atmosphere, before and after the
application of the heat, be compared, it is found
much less in the last case.

The same effect takes place when the powder of
other siliceous or aluminous stones is made the
subject of experiment.

I found that two equal portions of basalt ground
into impalpable powder, of which one had been
strongly ignited, and the other exposed only to a
temperature equal to that of boiling water, gained
very different weights in the same time when exposed
to air. In four hours the one had gained only two
grains, whilst the other had gained seven grains.

When clay or tenacious soils are burnt, the
effect is of the same kind; they are brought nearer
to a state analogous to that of sands.

In the manufacture of bricks the general prin-
ciple is well illustrated ; if a piece of dry brick
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earth be applied to the tongue, it will adhere to it
very strongly, in consequence of #§'power to absorb
‘water; but after it has been burnt there will be
.searcely a sensible adhesion.*
- The process of burning renders the soil less com-
pact, less tenacious and retentive of moisture ; and
.wheh properly applied may convert a matter that
"was mﬂ; damp, and in consequence cold, into one
powdery# dry, and warm; and much more proper
as a bed for vegetable life.

The great objection made by speculative che-
mists to paring and burning is, that it destroys
vegetable and animal matter, or the manure in the
soil ; but in cases in which the texture of its earthy
ingredients is permanently improved, there is more
than a compensation for this temporary disad-
vantage. And in some soils where there is an
excess of inert vegetable matter, the destruction of
it must be beneficial ; and the carbonaceous mat-
ter remaining in the ashes may be more useful to
the crop than the vegetable fibre from which it was
produced.

I have examined by a chemical analysis three
specimens of ashes, from different lands that had
undergone paring and burning. The first was a
quantity sent to the Board by Mr. Boys of Bell-
hanger, in Kent, whose treatise on paring and

P

* Clay has the remarkable property of confining water; and
therefore a thin layer of clay may have a very injurious effect,
by preventing rain water from penetrating deeply and saturating
the subsoil ; an evil which may be corrected by paring and
durning, — J. D. .



322

burning has been published. They were from a
chalk soil, and 200 grains contained
80 Carbonate of lime.
11 Gypsum.
9 Charcoal.
15 Oxide of iron.

3 Saline matter; viz. sulphate of potash,
muriate of magnesia, with a minute quan-
tity of vegetable alkali.

The remainder alumina and silica.

Mr. Boys estimates that 2660 bushels are the
common produce of an acre of ground, which, ac-
cording to his calculation, would give 1729001bs.,

containing
Carbonate of lime = 69160 lbs.
Gypsum - - 95095
Oxide of iron - - 129675
Saline matter - - 259835
Charcoal - - 77805

In this instance there was undoubtedly a very
considerable quantity of matter capable of being
active as manure produced in the operation of
burning. The charcoal was very finely divided;
and, exposed on a large surface on the field, must
have been gradually converted into carbonic acid.
And gypsum and oxide of iron, as I mentioned in
the last Lecture, seem to produce the very best
effects when applied to lands containing an excess
of carbonate of lime. . ,

The second specimen was from a soil near Cole-
orton, in Leicestershire, containing only four per
cent. of carbonate of lime, and consisting of three
fourths light siliceous sand, and about one fourth
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clay. This had been turf before burning, and 100
parts of the ashes gave
6 Parts charcoal.
8 Muriate of soda and sulphate of potash,
with a trace of vegetable alkali.
9 Oxide of iron.
And the remainder the earths.

In this instance, as in the other, finely divided
charcoal was found ; the solubility of which would
be increased by the presence of the alkali.

The third instance was that of a stiff’ clay, from
Mount’s Bay, Cornwall. This land had been
brought into cultivation from a heath by burning
about ten years before ; but having been neglected,
furze was springing up in different parts of it, which
gave rise to the second paring and burning: 100
parts of the ashes contained

8 Parts of charcoal.
2 Of saline matter, principally common salt,
with a little vegetable alkali.
7 Oxide of iron.
2 Carbonate of lime.
Remainder alumina and silica.

Here the quantity of charcoal was greater than:
in the other instances. The salt, I suspect, was
owing to the vicinity of the sea, it being but two
miles off. In this land there was certainly an ex-
cess of dead vegetable fibre, as well as unprofitable.
living vegetable matter; and I have since heard
that a great improvement took place.

Many obscure causes have been refetred to for.
the purpose of explaining the effects of paring and
burning ; but I believe they may be referred en--

’ Y 2
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tirely to the diminution of the coherence and tena-
city of clays, and to the destruction of inert and
useless vegetable matter, and its conversion into
a manure. ' ,

Dr. Darwin, in his Phytologia, has supposed
that clay during torrefaction may absorb some nu-
tritive principles from the atmosphere that after-
wards may be supplied to plants; but the earths
are pure metallic oxides, saturated with oxygen;
and the tendency of burning is to expel any other
volatile principles that they may contain in com-
bination. If the oxide of iron in soils is not satu-
rated with oxygen, torrefaction tends to produce
its further union with this principle; and hence in
burning the colour of clays changes to red. The
oxide of iron containing its full proportion of oxy-
gen has less attraction for acids than the other
oxide, and is consequently less likely to be dissolved
by any fluid acid in the soil; and it appears i
this state to act in the same manner as the earths.
A very ingenious author, whom I quoted at the
end of the last Lecture, supposes that the oxide of
iron when combined with carbonic acid is poison-
ous to plants, and that one use of torre<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>