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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 tempera-
ture, and successively brought in contact with the
surface of the earth, so as to exert their fertilizing
influence. 'The modifications of the soil, and the
application of manures are placed within the power
of man, as if for the purpose of awakening his in-
dustry and of calling forth his powers.

The theory of the general operation of the more
compound manures may be rendered very obvious
by simple chemical principles; but there is still
much to be discovered with regard to the best me-
thods of rendering animal and vegetable substances
soluble; with respect to the processes of decompo-
sition, how they may be accelerated or retarded,
and the means of producing the greatest effects from
the materials employed: these subjects will be at-
tended to in the Lecture on Manures.

‘Plants are found by analysis to consist principally
of charcoal and aeriform matter. They give out
by distillation volatile compounds, the elements of
which are pure air, inflammable air, coally matter,
and azote, or that elastic substance which forms a
great part of the atmosphere, and which is incapa-
- ble of supporting combustion. 'These elements they
gain either by their leaves from the air, or by their
roots from the soil. All manures from organized
substances contain the principles of vegetable mat-
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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, 1s
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 chemical
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 ingre-
dient. 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 ma-
nore ; an excess may be detrimental, 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
c 2
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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 con-
sequence of the imperfection of the chemistry of the
age. (Calcareous matter was considered by the
alchemists as a peculiar earth, which in the fire be-
came combined with inflammable acid; and
Evelyn and Hartlib, and, still later, Lisle, in their
works on husbandry, have characterized it merely
as a hot manure of nse in cold lands. It is to Dr.
Black of Edinburgh that our first distinct rudi-
ments 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 marles, consist principally of a peculiar earth
united to an aerial 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 its
hardness and durability, by absorbing the aerial (or
as it has been since called carbonic) acid, which
always exists in small quantities in the atmosphere,
it becomes as it were again limestone.

- Chalks, calcareons marles, or powdered lime-
stones, act merely by forming an useful earthy in-
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plied in large quanitities in its caustic state. Under
commion ciréunistances the lime from the magne-
sian limestone is, however, used in moderate quan-
tities tipon fertile soils in Leicestersliire, Derby-
shire, and Yorkshire, with good effect ; and it may
be applied in greater quantities to soils containing
very large proportions of vegetable maiter. Mag-
nesia when combined with carbonic ac¢id gas,
seems not to be prejudicial to vegetation, and in
soils richin manure, 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 operativns of hus-
bandry eapable of elucidation by chemical principles.

The chemical theor'y of fallowing is very simple.
Fallowing affords no new source of riches to the
soil. It merely tends to prodice an accumulation
of decomposing maiter, which in the common
course of crops would be employed as it is formed,
and it is scarcely possible to imagine a single in-
stance of a cultivated soil, which' can be supposed
~ to remain fallow for a year with advantage to the
~ farmer. The only cases where this' practice is
béneficial seems to be in the destruction of weeds,
and for cleansing foul soils.

Phe chemical theory of paring and burning, T
shall discass fully in this part of the Course.

It is obvious that in' all' cases it must déstroy a
cértain quantity of vegetdble niitter, dnd must be
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extent ; but still the labour and expense connected
with its application in certain districts, may not be
compensated for by the advantages produced.

Moist climates are best fitted for raising the arti-
' ficial 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 clover.

Nothing is more wanting in agriculture, than
experiments in which all the circumstances are
minutely and scientifically detailed. 'This art will
advance with rapidity in proportion as it becomes
exact i 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 sea-
son, 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 en-
quiry, would necessarily be more accurate, and more
~capable of being connected with the general prin-
ciples 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 possi-
ble accumulation of imperfect trials, conducted
merely in the empirical spirit. It is no unusual oc-
currence for persons who argue in favour of prac-
tice and experience, to condemn generally all at-
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some force to separate them. This is said to de-
pend upon the aftraction 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
gencral 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 absorption 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 compound.
Various kinds of matter unite with different de-
- grees 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 maguesia, the vinegar will be set free, and
the sulphuric acid will take its place. This chemi-
cal attraction is likewise called chemical affinity.
It is active in most of the pheenomena of vegeta-
tion. The sap consists of a number of ingredients,
dissolved in water by chemical attraction; and it
appears to be in consequence of the operation of
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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 in-
struments for measuring degrees of heat by the ex-
pansion of fluids in narrow tubes. Mercury is ge-
nerally used, of which 100,000 parts at the freezing
point of water become 101,835 parts at the boiling
point, and on Fahrenheit’s scale these parts are di-
vided into 180 degrees. Solids, by a certain in-
crease of heat, become fluids, and fluids gasses, or
elastic fluids. Thus ice is converted by heat into
water, and by still more heat it becomes steam :
and heat disappears, or, as it is called, is rendered
latent during the conversion of solids into fluids, or
fluids into gasses, and reappears or becomes sensible
when gasses become fluids, or fluids solids: hence
cold is produced during evaporation, and heat dur-
- ing the condensation of steam,

There are a few exceptions to the law of expan-
sion of bodies by heat, which seem to depend either
upon some change in their chemical constitution, or
on their becoming crystallized. Clay contracts by
heat, which seems to be owing to its giving off
water. Cast iron and antimouy, when melted, erys-
tallize 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 cir-
cumstance is of considerable importance in the ge-
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dered as a motion or vibration of the particles of
matter, which is supposed to differ in velocity in
different cases, and thus to produce the different de-
grees of temperature. Whatever decision be ulti-
mately made respecting these opinions, it is certain
that there is matter moving in the space between
us and the heavenly bodies capable of communi-
cating beat ; the motions of which are rectilineal :
thus the solar rays produce heat in acting on the
surface of the earth. The beautiful experiments of
Dr. Herschel have shewn that there are rays trans-
mitted from the sun which do not illummate ; and
which yet produce more heat than the visible rays;
and Mr. Ritter and Dr. Wollaston have shewn that
there are other invisible rays 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 inde-
pendent 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.

When a piece of sealing-wax 1s rubbed by a
woollen cloth, it gains the power of attracting light
bodies, sach as feathers or ashes. In this state it is
said to be elecirical; and if a metallic cylinder,
placed upon a rod of glass, is brought in contact
with the sealing-wax, it likewise gains the momen-
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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 atmo-
sphere ; but as yet the effects of this power in vege-
tation have not been correctly estimated. It has
been shewn by experiments made by means of the
Voltaic battery (the instrament composed of zing,
copper, and water), that compound bodies in gene-
ral are capable of being decomposed by electrical
powers, and it is probable, that the various electrical
pheenomena occurring in our system, must influence
both the germination of seeds and the growth of
plants. I found that corn sprouted much more ra-
pidly in water positively electrified by the Voltaic
instrument, than in water negatively electrified ;
and experiments made upon the atmosphere shew
that clouds are usunally negative; 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 pheenomena are conceived to depend upon
a single subtile fluid in excess in the bodies, said
to be positively electrified, in deficiency in the bo-
dies said to be negatively electrified. A second



42

class suppose the effects to be produced by two dif-
ferent fluids, called by them the vitreous fluid and
the resinous fluid ; and others regard them as affee-
tions or motions of matter, or an exhibition of at-
tractive powers, similar to those which produce che-
mical combination and decomposition ; but usually
exerting their action on masses.

The different powers that have been thus gene-
rally described, continvally act upon common mat-
ter, 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
sunple, 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 distinet substances are capable of be-
ing produced from it; thus marble is a compound
body, for by a strong heat, it is converted into
lime, and an elastic fluid is disengaged in the pro-
cess: and the proof of our knowledge of the true
composition of a body is, that it is capable of being
reproduced 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 calc'nation, it becomes converted into a
substance similar to powdered marble. The term
element has the same meaning as simple or unde-
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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 inatter;
many substances, formerly supposed to be simple,
havé 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 substances 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
introductory lecture, three acidifying-and solvent
substances, six inflammable bodies, and thirty-eight
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 expressed
either by those numbers, or by some simple multi-
ples of them.

i shall mention, in a few words, the characteris-
tic properties of the most important simple sub-
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salt or muriatic acid, and manganese. The nuni-
ber representing the proporticn in which this gas
enters into combination 1s 67.

3. Fluorine, or the fluoric principle. This sub-
stance has such strong tendencies of 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.

4. Hydrogene, or inflammable air, is the lightest
known substance ; its specific gravity is to that of
air as 732 to 10000. It burns by the action of an
inflamed taper, when in contact with the atmo-
sphere. 'Thz proportion in which it combines is re-
presented 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.

5. Azote is a gaseous substance, not capable of
being condensed by any known degree of cold: its
specific gravity is to that of common air as 9516 to
10000. 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
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strongly heating the fluid substance so produced
with powdered charcoal.

9. Boron is a solid of a dark olive colour, infus-
ible at any known temperature. It is a substance
very lately discovered, and procured from boracic
acid. It burns with brilliant sparks, when heated
_in oxygene, but not in chlorine. Its specific gra-
vity, and the number representing it, are not yet
accurately known.

10. Platinum is one of the noble metals, of ra-
ther a duller white than silver, and the heaviest
body in nature; its specific gravity being 21500.
It is not acted upon by any acid menstrua except
such as contain ehlorine : it requires an intense de-
gree of heat for its fusion,

11. The properties of gold are well known. Its
specific gravity is 19277. It bears the same rela-
tion to acid menstrua as platinam: it s one of the
characteristics of both these bodies, that they are
very difficultly acted upon by sulphur.

12. Silver is of specific gravity 10400, it burns
mote readily than platinum or gold, which require
the intense heat of electricity. Tt readily unites to
sulphur. The number representing it is 205.

L3. Mercury is the only known metal fluid at the
common temperature of the atmosphere ; it boils at
660°, and freezes at 39 helow 0. Its specific gra-
¥ity is 18560. The number reptesenting it is 380.

14, Copper is of specific gravity §890. Tt burns
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22. Antimony is a metal capable of being volati-
lized by a strong heat. Its specific gravity is 6800.
1t Lurns when ignited with a faint white light. The
number representing it is 170,

23. Arsenic is of a blueish white colour, of spe-
cific gravity 8310. It may be procured by heat-
ing 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.

24. Manganesum may be procured from the mi-
neral called manganese, by intensely igniting it in
a forge mixed with charcoal powder. Itis a metal
very difficult of fusion, and very combustible; its
specific gravity is 6850. 'The number representing
1t 1s 177.

25. Potassiwm 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 brilliancy, 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.

26. Sodium may be made in a similar manner to
potassium. Soda, or the mineral alkali, being sub-
stituted for the vegetable alkali. It is of specific

B
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fenwm, Titanium, Uranium. "The numbers repre-
senting these last bodies have not yet been deter-
mined with sufficient 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 oxygene and chlo-
rine 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 pro-
cess of the solution of a body in oxygene, as hap-
pens when sulphur or charcoal is burnt ; or the fix-
ation of oxygene by the combustible body in a solid
form, which takes place when most metals are
burnt, or when phosphorus inflames ; or the produc-
tion of a fluid from both bodies, as when hydro-
oene and oxygene unite to form water.

When considerable quantities of oxygene or of
chlorine unite to metals or inflammable bodies, they
often produce acids: thus sulphureous, phosphoric,
and boracic acids are formed by a union of consi-
derable quantities of oxygene with sulphur, phos-
phorus, and boron: and muriatic acid gas is formed
by the union of chlorine and hydrogene.

When smaller quantities of oxygene or chlorine
unite with inflammable bodies or metals, they form
substances not acid, and more or less soluble in
water; and the metallic oxides, the fixed alkalies,

E 2
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Barytes, Alumina, Zircona, Glucina, and Iliria,
of one proportion of metal and one of oxygene.

The metallic oxides in general consist of the me-
tals united to from one to four proportions of oxy-
gene; and there are, in some cases, many diffe-
rent oxides of the same metal ; thus there are
three oxides of lead; the yellow oxide, or massicot,
contains two proportions of oxygene; 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 oxygene, the orange one. ‘

For pursuing such experiments on the composi-
tion of bodies as are connected with agricnltural
chemistry, a few only of the undecompounded sub-
stances are necessary ; and amongst the compound-
ed bodies, the common acids, the alkalies, and the
earths, are the most essential substances. The ele-
ments found in vegetables, as has been stated in the
introductory lecture, are very few. Oxygene, hy-
drogene, and carbon, constitute the greatest part
of their organized matter. Azote, phosphorus, sul-
phur, manganesum, iron, silicum, caleium, alumi-
num, and magnesium likewise, in different arrange-
ments, enter into their composition, or are found
in the agents to which they are exposed ; and these
twelve undecompounded substances are the ele-
ments, the study of which is of the most importance
to the agricultural chemist.

The doctrine of definite combinations, as will be
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The numbers of the stamens and pistils in the same
flower, their a:rraﬂgements, or their division in
different lowers, 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 together the
plants most analogous to each in their general
characters, is yet so ingeniously contrived 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 resemblances of
the different orders of beings, and establishes, on a
great scale, the beautiful anelogy of nature.

The ancients had observed, that different date
trees bore different flowers, and that those trees pro-
ducing flowers which contained pistils bore no
fruit, unless in the immediate vicinity of snch trees
as produced flowers containing stamens. This long
‘established faet strongly impressed the mind of
Malpighi, who ascertained several analogous facts
with regard to other vegetables. Grew, however,
was the first person who attempted to generalize
upon them, and much just reasoning on the subject

-
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stances, 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
organized 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 provided the elements of germination
on every part of the surface; water 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 plauts; those who wish to study
the anatomy of vegetables, as a distinct science,
will find abundant materials in the works of the au-
thors I have quoted, page 10, and likewise in the
writings of Linnzus, Desfontaines, Decandolle, de
Saussure, Bonnet, and Smith.

The history of the peculiarities of structure in the
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Besides the crystallized and solid sugars, there
appears to be a sngar 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 so-
luble in alcohol than solid sugar.

The simplest mode of detecting sugar is that re-
commended 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 ve-
getable substances :

The sap of the Birch (Betula alba,) of the Syca-
more (Acer Pseudoplatanus), of the Bamhoo (Arun-
do Bambos), of the Maize (Zea mays), of the Cow
Pargnip (Heracleum Sphondylium), of the Cocoa-
nut tree ( Cocos nucifera), of the Walnut tree (Jug-
lans alba), of the American Aloe ( Agave mericana),
of the Dulse (Fucus palmatus), of the Common
Parsnip (Pastinica sativa), of St. John’s Bread
( Ceratonia Siliqgua) ; the fruit of the Common Ar-
butus (Arbutvs Unedo), and other sweet-tasted fruits;
the roots of the Turnip (Brassica Rapa), of the
Carrot (Daucus Carota), of Parsley (Apium petro-
selinum), the flower of the Euxine Rhododendron
(Rhododendron ponticum), and from the pectarium
of most other flowers.

The nutritive properties of sugar are well known.
Since the British market has been over-stocked

G
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with this article from the West India islands, pro-
posals have been made for applying it as the food
of eattle; experiments have been made, which
prove that they may be fattened by it; but difficul-
ties connected with the duties laid on sugar, have
hitherto prevented 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
papaya) : when this juice is boiled, the albumen
falls down in 2 coagulated state. It is likewise
found in mushrooms, and in different species of
- funguses.

Albumen i its pare form, is a thick, ghiry,
tasteless fluid ; precisely the same as the white of
the egg; it is soluble in ‘cold water; its sclution,
when not too diluted, is coagulated by beiling, and
the albumen separates in the form of thin flakes.
Albumen is likewise coagulated by acids and by al-
cohol : a solution of albumen gives a precipitate -
when mixed with a cold solution of mut-galls. Al
bomen, when burnt, produces a smell ‘of volatile al-
kali, and affords ‘curbonic acid and water; it s
therefore ‘evidently principally composed of carbon,
‘hydrogene, oxygene, and azdte.

‘According o ‘the ‘experiments of ‘Gay Tussac
and Thenard, 100 parts of albumen from ‘the white
of the eégg are ‘composed ‘of |
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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 water ; but not soluble in alkohol. 'When
a solution of it in water is heated, the gluten sepa-
rates 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,
horse-chesnuts, apples, and quinces; barley, rye,
peas, and beans ; likewise in the leaves of rue, cab-
bage, cresses, hemlock, borage, saffron, in the ber-
ries of the elder, and in the grape. Gluten appears
to be one of the most nutritive of the vegetable sub-
stances ; and wheat seems to owe its superiority to
other grain, from the circamstance of its containing
it in larger quantities.

6. Gum elastic, or Caoutchoue, is pmcured from
the juice of a tree which grows in the Brazils, called

Hevea. When the tree is punctured, a milky

juice exudes from it, which gradually deposits a
solid substance, and this is gum elastic.
Gum elastic is pliable and soft like leather, and

. L ]
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becomes softer when heated. In its pure state it is
white ; its specific gravity is 9335. It is combus-
tible, and burns with a white flame, throwing off a
dense smoke, with a very disagreeable smell. It is
insoluble in water, and in aleohol ; it 1s soluble in
ether, volatile oils, and in petroleum, and may be
procured from ether in an unaltered state, by evapo-
rating its solution in that liquid. Gum elastic seems
to exist in a great variety of plants: amongst them
are, Jatropha elastica, Ficus indica, Artocarpus in-
tegrifolia, and Urceola elastica.

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

Gum elastic, when distilled, affords volatile al-
kali, water hydrogene, and carbon in different com-
binations. It therefore consists principally of azote,
hydrogene, oxygene, and carbon; but the propor-
tions in which they are combined have not yet been
ascertained. Gum elastic is an indigestible sub-
stance, not fitted for the food of animals ; its uses in
the arts are well known.

7. Eatract, 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
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likewise be obtained from catechu, or Terra 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 astrin-
gent matter is first dissolved, and may be separated
from the extract. Extract is always more or less
coloured ; it is soluble in alecohol 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 aluthina, and by many
metallic solutions, particularly the solution of muri-
ate of tin.

From the products of its distillation, it seems to
be composed principally of hydrogene, oxygene,
carbon, and a little azote. :

There appears to be almost as many varieties of
extract as there are species of plants. 'The differ-
ence of their properties probably, in many cases,
depends upon their being combined with small
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
wheh they are boiled in a solution of it. 'The com-
bination is made stronger by the intervention of
mordants, which are earthy or metallic combina-
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tions that unite to the cloth, and enable the colour-
ing matter to adhere more strongly to its fibres.

Extraet, 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 wa-
ter 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 combus-
tion. It is very soluble both in water and alcohol,
but insoluble in ether. 'When a solution of glue, or
isinglass (gelatine), is mixed with an aqueous solu-
tion of tannin, the two substances, i. e. the animal
and vegetable matters fall down in combination,
and form an insoluble precipitate.

When tannin is distilled in close vessels, the prin-
cipal products are charcoal, carbonic acid, and in-
flammable gasses, with 2 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 selutions 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 easy to free tannin. The
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purest species of tannin is that obtained from the

seeds of the grape; this forms a white precipitate, -

with solution of isinglass. The tannin from gall-
nuts resembles it in its properties. That from su-
mach 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 pecuiiar 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 wa- -

ter. Its taste is much sweeter than that of the other
varieties of tannin, and it may, perhaps, be regard-
ed as a substance intermediate between tannin 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 organized state, and is soluble by the
long continued action of boiling water. When skin
is exposed to solutions containing tannin, it slowly
combines with that principle; its fibrous texture and
coherence are preserved; it is' rendered perfectly
msoluble in water, and is no longer liable to putre-
faction : 1n short, it becomes a substance in chemi-
cal composition precisely analogous to that fur-
nished 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

i i B
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medium rate about 40 per cent. of vegetable matter.
It is easy to obtain the comparative value of differ-
_ ent substances for the use of the tanner, by com-
paring the quantities of precipitate afforded by in-
fusions of given weights mixed with solutions of glue
or isinglass.

To make experiments of this kind, an ounce or
480 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 isinglass
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 collected
by passing the mixture of the solation and infusion
through folds of blotting paper; and the paper ex-
posed to the air till its contents are quite dry. 1f
pieces of paper of equal weights are used, in cases
in which different vegetable substances are em-
ployed, the difference of the weights of the papers
when dried, will indicate with tolerable accuracy,
the quantities of tannin contained by the sub-
stances, and their relative value, for the purposes 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.
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tinctoria,) by digesting alcohol on it, and evaporat-

‘ing the solution.  White crystalline grains are ob-
tained, which gradually become blue by the action
of the atmosphere : these grains are the substance
in question.

The indigo of commerce is principally brought
from America. It is procured from the Indigofera
argentea, or wild indigo, the Indigofera disperma,
or Gautimala 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 i1s sulphuric acid: eight
parts of sulphuric acid dissolve one 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 consists
of carbon, hydrogene, oxygene, and azote.

Indigo owes its blue colour to combination with
oxygene. For the uses of the dyers it is partly de-
prived of oxygene, by digesting it with orpiment
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
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which when inspissated has the characters of
opium, and probably contains the same narcotic
principle. -

11. 'The bitter principle is very exteﬂswe]y dif-
fased in the vegetable kingdom ; it is found abund-
antly in the hop (Humilus lupilus), in the common
broom (Spartium scoparium), in the chamomile
(Anthemis nobilis), and in quassia, amara and ex-
celsa. It is obtained from those substances by the
action of water or aleohol, and evaporation. It is
usaally of pale yellow colour ; its taste is intensely
bitter. It is very soluble, both in water and alco-
hol; and has little or no action on alkaline, acid,
saline, or metallic solution.

An artificial snbstance, similar to the bitter prin-
ciple, 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 combining
with the alkalies: in union with the fixed alkalies
it constitutes crystallized bodies, which have the
property of detonating by heat or percussion.

The natural bitter principle is of great import-
ance in the art of brewing ; it checks fermentation,
and preserves fermented liquors ; it 1s likewise used
in medicine. '

The bitter principle, like the narcotic principle,
appears to consist principally of carbon, hydrogene,
and ‘oxygene, with a little azote.
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Besides the principles, the nature of which has
been just discussed, others have been described by
chemists as belonging to the vegetable kingdom:
thus a substance, somewhat analogous to the mus-
cular fibre of animals, has been detected by Vau-
quelin in the papaw; and a matter similar to ani-
mal gelatine by Braconnot in the mushroom ; but
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. Some distinctions have
been adopted by systematical authors which I have
not entered into, because they do not appear to me
essential to this enquiry. Dr. Thomson, in his
elaborate and learned system of chemistry, has
described six vegetable substances, which he calls
mucus, jelly, sarcocol, asparagin, inulin, and ulmin.
He states that mucus exists in its purest form in
linseed ; but Vanquelin has lately shewn, that the
mucilage of linseed is, in its essential characters,
analogous to gum ; but that it is combined with a
substanee similar to animal mucus : vegetable jelly,
Dr. Thomson himself considers as a modification of
gum. It is probable, from the taste of sarcocol,
that it is gum combined with a little sugar. Inulin
is so analogous to starch, that it is probably a va-
riety of that principle : ulmin has been lately shewn
by Mr. Smithson to be a compound of a peculiar
extractive matter and potassa; and asparagin is
probably a similar combination. If slight differ-
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ences in chemical and physical properties be con-
sidered 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 me-
mory ; and it ought to be founded upon the simi-
larity of properties which are distinct, character-
1stie, 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
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 rabbed 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 separated
from the fluid by means of blotting paper: the
fluid should be gradaally heated ; if any flakes ap-
pear, they are to be separated by the same means as
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the solid matter in the last process, i. e. by filtration.
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 con-
tains acid matter; if it become green, alkaline
. matter; and the nature of the acid or alkaline
matter may be known by applying the tests de-
scribed page 108, 109, 110. If the solid matter be
sweet to the taste, it must be supposed to contain
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, aleohol
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 alcohol must
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.

It tannin exist in the first solution made by cold
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water, ils separation is easily effected by the pro-
cess described page 91.  The 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.

MWhen the vegetable substance, the subject of
experiment, will afford no more principles to cold
water, it must be exposed to boiling water. T'his
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 al-
cohol.

The last agent that may be applied is ether,
which dissolves elastic gum, though the applica-
tion is scarcely ever necessary ; for if this principle
be present, it may be easily detected by its peculiar
qualities.

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.
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burns with a bright white light ; earburetted hydro-
gene with a light like wax ; carbonic oxide with a
feeble, blue flame. The properties of hydrogene
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 13.7, and it consists of one propor-
tion of carbon 11.4, and two of oxygene 30. The
specific gravity of gaseous oxide of carbon, is taking
the same standard 13.2, and it consists of one pro-
portion of carbon, and one of oxygene.

The specific gravities of carburetted hydrogene
and olefiant gas are respectively eight and thirteen;
both contain four proportions of hydrogene ; the first
contains one proportion, the second two proportions
of carbon.

It 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 maiter.

The acetous and mucous acids, and the ammonia
formed are usually in very small quantities ; and by
comparing the proportions of water and charcoal
with the quantity of the gasses, 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 vegetable
substances which can be used as food, have been
already ascertained by philosophical chemists, and
have been stated in the preceding pages; the ana-
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Jfirst is, « that a vegetable substance is always acid
whenever the oxygene it contains is to the hydro-
gene in a greater proportion than in water.” i

The second, * that a vegetable substance is
always resinous or oily or spirituous whenever it con-
tains oxygene in a smaller proportion to the hydro-
gene than exists in water.”

The third, “ that a vegetable substance is neither
acid nor resinous; but is either saccharine or
mucilaginous, or analogous to woody fibre or starch,
whenever the oxygene and hydrogene in it are in
the same proportions as in water.”

New experiments upon other vegetable substances,
besides those examined by M. M. Gay Lussac and
Thenard, are required before these interesting con-
clusions can be fully admitted. Their researches
establish, however, the close analogy between
several vegetable compounds differing in their sen-
sible qualities, and combined with those of other
chemists, offer simple explanations of several pro-
cesses in nature and art, by which different vegetable
substances are converted into each other, or changed
iuto new compounds.

Guom and sugar afford mearly the same elements
by amalysis; 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 con-
densation of their elements; and it would be
natural to conceive from the composition of these
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been tried with success by many persons. Dr, Ta-

thill, from a pound and a half of potatoe starch,
procured a pound and a quarter of crystalline,
brown sugar ; which he conceives possessed pro-
perties intermediate between cane sugar and grape
sugar. -

It is probable that the conversion of starch into

sugar is effected merely by the attraction of the
acid for the elements of sugar; for various expe-
riments have been made, which prove that the
acid is not decomposed, and that no. elastic matter
is set free; probably the colour of the sugar is
owing to the disianga_gement, or new combination
of a little carbon, the slight excess of which, as has
been just stated, constitutes the only difference
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.

Glaten and albumen differ from the other vege-
table pmducts, principally by containing azote.
When gluten is kept long in water it undergoes
fermentation ; ammonia, (which contains its azote)
is given off w1th acetic acid : and a fatty matter
and a substance analogous to woody fibre remain,

Extract, tannin, and gailic acid, when their so-
lutlons are long exposed to air, deposit a matter
qnnlar to wnudy {ibre ; and the solid substances are
‘rendered apalugnus to woody fibre by si;lght roast-

K
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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
1o the bottom, and it clears; the sweet taste of the
fluid is in great measure destroyed, and it is become
spirituous.

Fabroni has shewn that the gluten in must is es-
sential to fermentation ; and that chemist has made
saccharine matter ferment, by adding to its solu-
tion in water, common vegetable gluten and tar-
taric acid. Gay Lussac has demonstrated that must
will not ferment when freed from air by boiling,
and placed out of the contact of oxygene; but
that fermentation begins as soon as 1t 1s exposed to
the oxygene of air, a little of that principle being
absorbed ; and that it then continues independent 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 pro-
ducing fermentation, and exposing it to the requi-
site temperature ; carbonic acid gas is given off as
in the fermentation of must, and the liquor gradu-
ally becomes spirituous.

Similar pheenomena 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
K2
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ealled by chemists muriate of lime, it having been
previously heated red hot.

The strongest aleohol 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 combina-
tion with water, colouring matter, sugar, mucilage,
and the vegetable acids. It has been often doubt-
ed whether it can be procured by any other process
than distillation ; and some persons have even sup-
posed that it is formed by distillation. 'The recent
experiments of Mr. Brande are conclusive against
both these opinions. 'That gentleman has shewn
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 obtain-
ed by abstracting the water by means of hydrate
of potassa or muriate of lime, without artificial
heat.

The intoxicating powers of fermented liquors de-
pend on the alcohol that they contain; but their
action on the stomach is modified by the acid, sac-
charine, or mucilaginous substances they hold in
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substance, being of specific gravity 632 at 60.° Tt
is very volatile, and rises in vapour even by the
heat of the hody. 1t is highly inflammable. In
the formation of ether it is most probable that car-
bon and the eclements of water are separated from
the aleohol, and that ether differs from aleohol in
~ containing less oxygene and carbon ; but its com-
position has not yet been accurately ascertained.
Like aleohol it possesses intoxicating powers.

A number of the changes taking place in the
vegetable principles depend upon the separation of
oxygene and hydrogene 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 ma-
nufacture of bread. When any kind of flour, which
consists principally of starch, is made into a paste
with water, and immediately and gradually 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 converted
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 disen-
gaged 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
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sometimes used in the North of Euarope as a sub-
stitute for bread. The leaves of the cabbage,
broccoli, and seacale, contain much mucilage, a
little saccharine matter, and a little albumen.
From 1000 parts of the leaves of common cabbage 1
obtained 41 parts of muciliage, 24 of sugar, and 8
of albuminous matiter.

In bulbous roots, and sometimes in common roots,
a large quantity of starch, albumen, and mucilage,
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 1s the bulb that contains
the largest quantity of soluble matter in its cells and
vessels ; and it is of most importance in its applica-
tion as food. Potatoes in general afford from one-
fifth to one-seventh their weight of dry starch.
From 100 parts of the common Kidney potatoe, Dr.
Pearson obtained from 32 to 28 parts of meal, which
contained from 23 to 20 of starch and mucilage :
and 100 parts of the Apple potaioe in various ex-
periments, afford me from 18 to 20 parts of pure
starch. Irom 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 103 oz., from the Moulton
white 11%, from the Yorkshire kidney 103 oz., from
Hundred eyes 9 oz., from Purple red 8%, from Ox
woble 8:. 'The other soluble substances in the
potatoe are albumen and mucilage.
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maiter 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 exeeption
of woody fibre. Fixed and volatile oils containing
resin or camphor, or analogous substances in solu-
tion exist in the cylindrical tubes belonging to a
number of plants. Different species of Euphorbia
emit a milky juice, which when exposed to air de-
posit 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 peculiar
juices belonging to appropriate vessels.

The sap of plants, in general, is very compound
in its nature; and contains most saccharine, muci-
laginous, and albuminous matter in the alburnum ;
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 fo the formation of new parts, seems to be
derived from these two kinds of sap; and probably
- is a combination of the mucilaginous and albumin-
ous 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 che-
wically examined by Vauquelin. He found in
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and serve as guides in directing the experiments.
Thus siliceous soils are generally rough to the
‘touch, and scratch glass when rubbed upon it; fer-
ruginous 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
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 porcelain, 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
qnantity of water will perhaps remain in the soil
even after this operation, but it always affords use-
ful comparative results; and if a higher tempera-
ture were employed, the vegetable or animal matter
- would undergo decomposition, and in consequence
the experiment be wholly unsatisfactory. -

The loss of weight in the process should be care-
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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 like-
wise a little oxide of iron; but very seldom any
alumina, :

The fluid should be passed through a filtre; the
solid matter collected, washed with rain water,
dried at a moderate heat, and weighed. Tts 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 ad-
dition of fresh acid, when a little solution of prus-
siate 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 precipi-
tates, and heated red; the result is oxide of i iron,
which may be mixed with a little oxide of man-
ganesum,

Into the floid 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 filtre, and drled
at a heat below that of redness.

The remaining fluid must be boiled for a quartey
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To separate these from each other, the solid mai-
ter 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 regulated
by the quantity of solid residuum to be acted on,
allowing for every hundred grains, two drachms or
one hundred and twenty 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 wash-
ing 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 manganesum: the
weights of the oxides ascertained after they have
been heated to redness will denote their quan-
tities.

Should any magnesia and lime have escaped so-
lution in the muriatic acid, they will be found i
the sulphuric acid; this, however, is rarely the
case; but the process for detecting them, and as-
certaining their quantities, is the same in both in-
stances.

The method of analysis by sulphuric acid, is suf-
ficiently 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
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rence, but likewise softness and penetrability ; 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 matters,

Pure alomina or silica, pure carbonate of lime, or
carbonate of magnesia, are incapable of supporting
healthy vegetation.

No soil is fertile that contains as much as 19 parts
out of 20 of any of the constituents 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 oxygene; 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, hydrogene, 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 maiter which
will disengage it from the earths, may be decom-

~
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they retain their heat only for a short time. Chatks
are similar in one respect, that they are difficultly
heated; but being drier they retain their heat
longer, less being consumed in causing the evapora-
tion of their moisture. '

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 carbo-
naceous matter, or ferrnginous matter, exposed
ander equal circumstances to 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 ; but T have ascertained by ex-
‘periment, that the darkest coloured dry soil (that

~which contains abundance of animal or vegetable
‘matter ; substances which most facilitate the dimi-
‘nution of temperature,) when heated to the same
degree, provided it be within the common limits of
‘the effect of solar heat, will cool more slowly than
a wet pale soil, entirely composed of earthy matter.

1 found that a rich black mould, which contained
nearly 1 of 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 circamstances. But the mould
removed into the shade, where the temperature was
62°, lost, in half an hour, 15°; whereas the chalk,
under the same circamstances, had lost only 4°.

A 'brown fertile soil, and a cold barren clay were
N2
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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 chemi-
cal, in the other by cohesive, attraction.

If pure solution of ammonia or potassa be poured
into a solation of alum, alumina falls down combined
with water; and the powder dried by exposure to
air will afford more than half its weight of water by
distillation ; in this instance the water is united by
chemieal attraction. 'The moisture which wood,
or muscular fibre, or gum, that have been heated to
2127, afford by distillation at a red heat, is likewise
water, the elements of which were united in the sub-
stance by chemical combination.

When pipe-clay dried at the temperature of the
atmosphere is bronght in contact with water, the
fluid is rapidly absorbed ; this is owing to cohesive
attraction. © Soils in general, vegetable, and animal
substances, that have been dried at a heat below
that of boeiling water, increase in weight by ex-
posure to air, owing to their absorbing water
existing in the state of vapour in the air, in conse-
quence of cohesive attraction. .

The water chemically combined amongst the
elements of soils, unless in the case of the decompo-
sition of animal or vegetable substances, cannot be
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these differences may, however, possibly depend
upon the differences in their state of division, and
~upon the surface exposed.

The power of soils to absorb water from air, is
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 aqueons vapour
from the atmosphere, by the interior parts of the
soil during the day, and by both the exterior and
interior during 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 at-
mosphere 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 miost efficient in supplying the
plant with water by atmospheric absorption, are
those in which there is a die 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 atmos-
phere. With respect to this quality, carbonate 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
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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 means the soluble parts are 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
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 solu-
tion 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 imd.

The extract from decomposing vegetable matter
when boiled with pipe-clay or chalk, forms a com-
bination by which the vegetable matter is rendered
more difficult of decomposition and of solution.
Pure silica and siliceous sands have little action of
this kind ; and the soils which contain the most
alumina and carbonate of lime, are these 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
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clay or marle; and a prime cause of the great
fertility of the land in the moist climate of Ireland,
is the proximity of the rocky strata to the soil.

A clayey subsoil 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 subsoil, 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 marle, 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. absorbent soil; this situation wonld occasion
barrenness ; and the sandstone and limestone hills in
Derbyshire and North Wales, may be easily dis-
tinguished 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
subsoil are known.

The methods: of mlhvnt.lm likewise: must. ba

1]
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to the instance of soft granite, or porcelain granite.
This substance consists of three ingredients, quartz,
feldspar, and mica. The quartz is almost pure
siliceous earth, in a erystalline form. 'T'he feldspar
and mica are very compounded substances; 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 eontained 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 oxygene ;
the consequence is, that the feldspar decomposes,
and likewise the mica; but the first the most vapidly.
‘The feldspar, which is as it were the cement of the
stone, forms a fine clay: the mica partially decom-
posed mixes with it as sand ; and the undecomposed
quartz appears as gravel, or sand of different degrees
of fineness.

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
constantly 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 im-
proved soil more perfect plants are capable of sub-
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the marks of having been felled. 1In the interior
few entire trees are found ; and the cause is, proba-
bly, 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

Lakes and pools of water are sometimes filled up
by the acecumulation 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 different kind. Much more gaseous
matter is evolved; and the neighbourhood of mo-
rasses in which aquatic vegetables decompose, is
usually aguoish 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 analo-
gous to that of the stratum on which they repose;
the plants which have formed them must have de-
rived the earths that they contained from this stra-
tam. 'Thus in Wiltshire and Berkshire, where the
stratum below the peat is chalk, calcareous earth
abounds in the ashes, and very little alomina and
silica. They likewise contain much oxide of iron
and gypsum, both of which may be derived from
the decomposition of the pyrites, so abundant in
chalk.

Different specimens of peat that T have burnt
from the granitic and schistose soils of different
parts of these islands, have always given ashes
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gel:ab]es and marine animals; and sometimes con-
tain the remains of land ammals

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 ho-
rizon.

The number of primary rocks which are eom-
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, stenite, 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 erystals of feld-
spar, embedded in the same material, but usually
of a different colour. |

Sixth, granular marble, which consists entirely of
erystals of carbonate of lime; and which, when itg

O
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materials as aluminous schist, or shale ; but contain-
ing a much larger quantity of oxide of iron.

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
homogeneous appearance ; and it is often disposed
in very regular columns, having usually five or six
sides.

Eighth, bituminous or common coal.

Niuth, gypsum, the substance so well known by
that name, which consists of sulphate of llme and
often contains sand.

Tenth, rock salt.

Eleventh, chalk, which usually abounds in re-
mains of marine animals, and contains horizontal
layers of flints.

-~ Twelfth plum-pudding stone, consisting of peb-
bles cemented by a ferruginous or siliceons ce-
- ment.
- To describe more particalarly the constituent
parts of the different rocks and strata will be unne-
~cessary; at any time, indeed, details on this sub-
Ject are useless, unless the specimens are examined
by the eye; and a close inspection and comparison
of the different species, will, in a short time, enable
the most commion observer to distinguish them,

The bighest mountains in these islands, and in-

deed in the whole of the old continent, are consti-

tuted by granite; and this rock has likewise been
02
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The veins in hard granite seldom afford much use-
ful 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
oranular marble, are seldom metalliferous rocks,
Lead, tin, copper, iron, and many other metals are
found in the veins in chlorite schist. Grauwacke,
when it contains few fragments and exists in large
masses, is often a metalliferous rock. The precious
metals, likewise iron, lead, and antimony, are found
in it; and sometimes it contains veins or masses of
stone coal, or coal free from bitumen. Limestone
is the great metalliferous rock of the secondary
family; and lead and copper are the metals most
usnally 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-
ance. Whenever fluor spar is found in a vein,
there is always strong reason to suspect that it is
associated with metallic subtances. A brown pow-
der at the surface of a vein always indicates iron,
and often tin; a pale yellow powder lead; and a

* Fig. 16, will give a general idea of the appearance and ar-
rangement of rocks and veins,
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Plymouth. Coloured primary marbles are abun-
dant -in Scotland; and white granular marble is
found in the Isle of Sky, in Assynt, and on the
banks of Loch Shin in Sutherland: 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 pri-
mary mountains; the mountains of Mornein 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 first of these moun-
-tain chains are principally granite, gneis, sienite,
micaceous schist, and porphyry. The mountains
of Kerry are chiefly constituted by granular quartz,
and chlorite schist. Coloured marble is found near
Killarney ; and white marble on the western coast
of Donegal.

Limestone and sandstone are the common second-
ary rocks found south of Dublin. In Sligo, Ros-
common, and Leitrim, limestone, sandstone, shale,
iron stone, and bituminous coal are found. The
secondary hills in these counties are of considerable
elevation ; and many of them have basaltic sum-
mits. The northern coast of Ireland is principally
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 dis- |
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trict, in which columnar basalt is found above
sandstone and shale, alternating with coal. The
stone coal of Ireland is principally found in Kil-
kenny, associated with limestone and grauwacke.

It is evident from what has been said concerning
the production of soils from rocks, that there must
be 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 hy cultivation and the exertions
of human labour, the materials of strata have been
mixed together and transported from place to place
by various great alterations that have taken place in
the system of our globe, and by the constant opera-
tion of water.

To attempt to class soils with scientific accuracy,
would be a vain labour ; the distinctions adopted by
farmers are sufficient for the purposes of agricul-
ture; 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 seven-eighths 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 silice-
ous. The term clayey soil should not be applied to
any land which contains less than one-sixth.of im-
‘palpable earthy matter, not considerably effervesc-
ing with acids ; the word loam should be limited to
soils, containing at least one-third of impalpable
earthy matter, copiously effervescing with acids. A

s, sl (e i
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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
cousists of the 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 iﬁlmédiately above decomposing basalt, it
may be denominated basaltic soil. If fragments of
quartz and mica be found abundant in the materials
of the soil, which is often the case, it may be deno-
minated 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
allavial, or which have been formed from the depo-
sitions of rivers ; many of them are extremely fertile.
I have examined some productive alluvial soils,
which have been very different in their composi-
tion. 'The soil which has been mentioned page
184, 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 siliccous sand; and an analysis of the finely
divided matter gave the following results,

360 parts of carbonate of lime,
25 ——— alumina.

20 silica,
N oxide of 1ron.
19 — vegetable, animal, and saline

matfer.
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In all these instances the fertility seems to depend
upon the state of division, and mixture of the
earthy materials and the vegetable and animal mat-
ter ; and may be easily explained on the principles
which I have endeavoured to elucidate in the pre-
ceding part of this Lecture.

In ascerfaining 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 inethods of improve-
ment. If on washing a sterile soil it is found to
contain the salts 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
remarkable 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 the use of
clay, or marle, or vegetable matter. A field be-
longing to Sir Robert Vanghan at Nannau, Merio-
nethshire, the soil of which was a light sand, was
much burnt up in the summer of 1805; T recom-
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well burnt charcoal be inflamed by a burning-glass
in 100 cubical inches of oxygene gas, the charcoal
will entirely disappear: and provided the experi-
ment be correctly made, all the oxygene except 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 estima-
tion of the quantity of pure charcoal and oxygene
in carbonic acid gas: the weight of 100 cubical
inches of oxygene gas is to that of 100 cubical
mches of oxygene gas, as 47 to 34: so that 47
parts in weight of carbonic acid gas, must be com-
posed of 34 parts of oxygene and 13 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-
gene, 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 nou-
rishment to plants; and some of them appear to he
supplied with carbon chiefly from this source.

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

r2
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tion of oxygene from being too energetic, and
serves as a medium in which the more essential
parts of the air act; nor is this circumstance uncon-
formable to the analogy of nature; for the ele-
ments 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 grmvth,'and varies with
the various stages of the developinent and decay of
their organs; some general idea of its influence may
have been gained from circumstances already men-
tioned: I shall now refer to it more particularly,
and endeavour to conneet it with a general view of
the progress of vegetation.

If a healthy sced be moistened and exposed to
air at a temperature not below 45° it soon germi-
nates ; 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 oxygene, or a part of it
is absorbed. 'The azote remaios unaltered ; no car-
bonic acid is taken away from the air, en the con-
trary, some 1s added.

Seeds are incapable of germinating, except when
oxygene 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 gasses, lose their living powers,
and undergo putrefaction,
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begins to pulsate till it ceases to beat, the aeration
of the blood is constant, and the function of respi-
ration 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 sup-
pose the formation of any substance similar to sugar. -
In the production of a plant from a seed, some re-
servoir of nourishment is needed before the root
can supply sap; and this reservoir is the cotyledon
in which it is stored up in an insoluble form, and
protected if necessary during the winter, and ren-
dered soluble by agents which are constantly pre-
sent on the surface. The change of starch into
sugar, connected with the absorption of oxygene,
may be rather compared to a process of fermenta-
tion than to that of respiration; it is a change ef-
fected upon unorganized matter, and can be artifi-

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 oxygene to the water.
The fish that spawn in winter, such as the salmon and treut,
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 de-
position 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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water in seven days. But in the cases of premature
germination, though the plume was very vigorous
for a short time, yet it became at the end of a fort-
night 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 experi-
ments. Too rapid growth and premature decay-
seem invariably connected in organized stractures;
and it is only by following the slow operations of
natural causes, that we are capable of making im-
provements.

There is a number of chemical substances which
are very offensive and even deadly to insects, which
do not injure, and some of which even assist vege-
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
suggestion, 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-
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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 researches on this subject,
and I shall deseribe 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 tem-
perature had changed from 64° to 71°; and the
pressure of the atmosphere, which on the 12th had
been equal to the support of 30,1 inches of mercury,
‘was now equal to that of 30.2. Some of the leaves
of the white clover, and of the fox-tail were yellow,
and the whole appearance of the grass less bealthy
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 one-one hundred and fiftieth of its volume.
100 parts of the residual gas exposed to a solution
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infer the existence of a property proved in no other
way, from the operation of uncertain qualities.

That camphor may assist the growth of plants it
1s easy to conceive ; and why should we not consi-
der its efficacy as similar to the efficacy of saccha-
rine and mucilaginous matter, and particularly of
oils, to which it is nearly allied in composition; and
which afford food to the plant, and not stimulus;
which are materials of assimilation, and not of ex-
citement ?

The arguments in favour of a contraction similar
to muscular action have not then much weight; and
besides, there are direct facts which render the opi-
nion highly improbable.

When a single branch of a vine or other tree is
mtrodaced in winter into a hot-house, the trunk and
the other branches remaining exposed to the cold
atmosphere, the sap will soon begin to move to-
wards the buds in the heated branch; these buds
will gradually unfold themselves, and begin to
transpire ; and at length open into leaves, Now if
any peculiar contractions of the sap vessels or cells
were necessary for the ascent of the sap in the ves-
sels, it is not possible that the application of heat to
a single branch should oceasion irritable action te
take place in a trunk many feet removed from if,
or in roots fixed in the cold soil : but allowing that
the energy of heat raises the fluid merely by dimi-
nishing its gravity, increasing the facility of capil-
lary action, and by producing an expaunsion of the
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sions 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 bence 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 ; 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 analo-
gous to the irritable action of animal systems,

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 ani-
mals; nor in the long sleep of winter, peculiar to a
few species. The power is connected with anima-
tion, is limited to beings possessing the means of
voluntary locomotion ; it co-exists with the first ap-
pearance of vitality ; it disappears only with the
last spark of life. i

- Vegetables may be truly said to be living systems,
in this sense, that they possess the means of convert-
ing the elements of common matter into organized
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and i1s converted into aeriform and carbonic elements ;
into those principles from which it was originally
formed., 44
The decay of the heart-wood seems to constitute:
the great limit to the age and size of trees. And in’
young branches from old trees, it is much more lia-
ble 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 chang-
ed by it : the leaves, blossoms, and f{ruits 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 dispositions to old age and decay, uf the tree
whence it sprung. :
This seems to be distinctly shewn by the obser-
vations and experiments of Mr. Koight.  He has,
in a number of iustances, 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. '
¥t is from this cause that so many of the apples
formerly celebrated for their taste and their uses in
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The beech, the ash, and the sycamore, most likely
never live half as long. T'he 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 chestnut 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 texture
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 at-
mosphere. 1

~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 de-
eomposition 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 vegeta-
ble 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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climates germinate here much more early in the
season than the same species brought from cold cli-
mates. The apple tree from Siberia, where the
short summer of three months immediately succeeds
the long winter, in England, usually puts forth its
blossoms in the first year of its transplantation, on
the appearance of mild weather; and is often de-
stroyed by the late frosts of the spring.

It is not difficult to explain this prineiple so inti-
mately connected with the healthy or diseased state
of plants. 'The organization of the germ, whether
in seeds or buds, must be different according as
more or less heat, or alternations of heat and cold,
have affected it during its formation ; and the na-
ture of its expansion must depend wholly on this or-
ganization. In a changeable climate the forma-
tions will have been interrupted, and in different
successive layers. In an equable 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 chang-
ed 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, inevi-
tably dies if exposed in the early days of its growth
to the frosts of our winter; but if kept in a green-
house during the cold seasons 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
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ration of external elements, there are many others
perhaps more injurious, depending upon the opera-
tions and powers of other living beings; and such
are the most difficult to cure, and the mmost destruc-
tive to the labours of the husbandman.

Parasitical plants of different species, which at-
tach themselves to trees and shrubs, feed on their
juices, destroy their heaith, and finally their life,
abound in all climates; and are, perhaps, the most
formidable of the enemies of the superior and cul-
tivated vegetable species.

The mildew, which has often occasioned great
havock in our wheat crops, and which was particu-
larly 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 shewn by various botanists; and
the subject has received a full illustration from the
enlightened and elaborate researches of the Presi-
dent of the Royal Society.

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.

No remedy has as yet been discovered for this
disease ; but as the fungus increases by the diffusion
of its seeds, great care should be taken that no mil-
dewed straw is carried in the manure used for corn;
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render the vessel air tight; and then keeping it
half immersed in a vessel of boiling water for a suf-
ficient time to render the meat or vegetables proper
for food. 1In this last process it is probable that
the small quantity of oxygene remaining in the
vessel is absorbed; for on opening a tinned iron
canister 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 mixture of carbonic acid
gas and azote,

Where meat or vegetable food is to be preaerved
on a large scale, for the use of the navy or army
for instance, I am inclined to believe, that by for-
cibly throwing a quantity of carbonic acid, hydro-
gene, or azote, into the vessel, by means of a com-
pressing pump, similar to that used for making arti-
ficial Seltzer water, any change in the substance
would be more effectnally 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 pro-
cess. No putrefaction or fermentation can go on
without the generation of elastic fluid; and pres-
sure would probably act with as much efficacy as cold
in the preservation of animal or vegetable food.

As different manures contain different proportions
 of the elements necessary to vegetation, so they re-
quire a different treatment to enable them to pro-
duce their full effects in agriculture. I shall there-
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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 scienfific agriculturists, a great
‘mass of facts may be found in favour of the appli-
cation of farm-yard dung in a recent state. Mr.
Young, in the Essay on Manures, which I have
already quoted, adduces a number of excellent
authorities in support of the plan. Many, who
doubted, have been lately convinced ; and perhaps
there is no subject of investigation in which there
1s such a union of theorefical and practical evi-
dence. I have myself, within the last ten years,
witnessed a number of distinct proofs on the sub-
ject. I shall content myself with quoting that
which ought to have, and which I am sure will
have, the greatest weight amongst agriculturists.
Within the last seven years Mr. Coke has en-
tirely given up the system formerly adopted on
his farm, of applying fermented dung; and he
informs 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
x
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will never ferment. Water is as necessary as air to
the process; and to supply it to fermenting 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 disco-
vered.
 If a thermometer plunged into the dung does
not rise to above 100 degrees of Fahrenheit, there
is little danger of much aeriform matter flying off.
If the temperature is higher, the dung should be im-
mediately 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
~ sideof a wall. The floor on which the dung is
- heaped, should, if possible, be paved with flat
~ stones ; and there should be a little inclination from
ea.ch sule towards the centre, in which there should
be drains connected with a small well, farnished
~ with a pump, by which any fluid matter may be
: collected for the use of the land. It too often hap-
: pens that a dense mucilaginous and extractive fluid
x 2
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I made an experiment on this subject : I mixed a
quantity of brown soluble extract, which was pro-
cured from sheeps’ dung with five times its weight
of quicklime. I then moistened them with water ;
the mixture heated very much; it was suffered to
remain for fourteen 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 ves-
sel for three months ; the lime had become colour-
ed, and was effervescent: when water was boiled
upon the mixture, it gained a tint of fawn colour,
and by evaporation furnished a fawn-coloured pow-
der, 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 formed from them
has no noxious quality. Such stones are less effi-
cacious, merely because they furnish a smaller
quantity of quicklime.

I mentioned bituminous limestones. There is
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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 effer-
vescent, whilst the portion in the unmixed soil
gave carbonic acid in much smaller quantities. 1In
the one case the magnesia had assisted in the for-
mation of a manure, and had become mild ; in the
other case it had acted as a poison.

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 magnesian limestones effer-
vesced little when plunged into an acid. A simple
test of magnesia in a limestone is this circum-
stance, and its rendering diluted nitric acid, or
aqua fortis milky.

From the analysis of Mr. Tennant, it appears
that the magnesian limestones contain from

20.3 to 22.5 magnesia.
29.5 to 31.7 lime.
47.2 carbonic acid.
0.8 clay and oxide of iron.

Magnesian limestones are usually coloured brown
or pale yellow. They are found in Somersetshire,
Leicestershire, Derbyshire, Shropshire, Durham,
and Yorkshire. 1 have never met with any in
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alomina. And as in some places there are no
other limestones than such as contain other earths,
it is important to attend to this circumstance. A
moderately good lime may be made at a low red
heat; but it will melt into a glass at a 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 calcination.

Besides being used in the forms of lime and car-
bonate of lime, calcareous 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 vi-
triol) and lime; and when dry it is composed of
55 parts of lime and 75 parts of sulphuric acid.
Common gypsum or selenite, such as that found at
Shotover Hill, near Oxford, contains, besides sul-
phuric acid and lime, a considerable quantity of
water; and its composition may be thus expressed :

Sulphuric acid one proportion 75
Lime one proportion - 59
Water two proportions - 34
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clover in the field. The reason why gypsum is not
generally efficacious, is probably because most cul-
tivated 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 i/ is 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 a good
wheat, from Middlesex ; the third a sand, from Sus-
sex ; the fourth a clay, from Essex. I found gyp-
sum in all of them ; and in the Middlesex soil it
amounted nearly to one per cent. Lord Dundas in-
forms 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, ac-
cording to the process described in the Fourth
Lecture, and this substance was found in both the
soils.
Should these statements be confirmed by future
inquiries, a practical inference of some value may
be derived from them. It is possible that lands
whieh have ceased to bear good crops of clover, or
artificial grasses, may be restored by bemng ma-
nured with gypsum. I have mentioned that this
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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 hus-
bandry.

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 con-
ceive that it may form an essential part of their or-
gans. The general tendency of the alkalies is to
give solubility to vegetable matters ; and in this way
they may render carbonaceous and other substances
capable of being taken up by the tubes in the radi-
cle 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 mois-
ture 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
consists of the metal named sodium, combined with
chlorine ; and pure soda consists of the same metal
united to oxygene. When water is present, which
can afford oxygene to the sodium, soda may be ob-
tained 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 com-
mon salt acts as a manure; it is probably by entering
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quantity of the salt equalled one-thirtieth part of
the weight of the water, the effects were injurious ;
but least so in the instances of the carbonate, sul-
phate, and muriate of ammonia. When the quan-
tities of the salts were one-three hundredth 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 lnxuriantly of all. This last result is
what might be expected, for carbonate of ammonia
consists of carbon, hydrogene, azote, and oxygene.
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 red-
dened litmus paper; and probably the free acid
exerted a prejudicial effect, and interfered with the
result.

Soot doubtless owes part of its efficacy to the am-
moniacal salts it contains. The liquor produced by
the distillation of coal contains carbonate and ace-
tate 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.
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“attraction in its proper point of view, it is only ne-
cessary to consider the composition of any common
siliceous stone. Feldspar, for instance, contains si-
liceous, aluminous, calcareous earths, fixed alkali,
and 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 strongly it fuses, and on
cooling forms a coherent mass similar to the original
stone ; the parts separated by mechanical division
adhere again in consequence of chemical attraction.
If the powder is heated less strongly the particles
only superficially 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 ap-
plication 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 sub-
ject 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 ex-
posed to air. In four hours the one had gained
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"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
excess of dead vegetable fibre, as well as un-
profitable living vegetable matter; and I have
since heard, that a great improvement took place.

Many obscure causes have been referred to for the
purpose of explaining the effects of paring and
burning ; but I believe they may be referred entirely
to the diminution of the coherence and tenacity of
clays, and to the destruction of inert, and useless
vegetable matter, and its conversion into a ma-
nure.

Dr. Darwin, in his Phytologia, has supposed, that
clay during torrefaction, may absorb some nutritive
principles from the atmosphere that afterwards may
be supplied to plants; but the earths are pure
metallic oxides, saturated with oxygene; and
the tendency of burning is to expel any other vola-
tile principles that they may contain in combination.
If the oxide of iron in soils is not saturated with
oxygene, 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 oygene has
less attraction for acids than the other oxide, and
is consequently less likely to be dissolved by any
fluid acids in the soil ; and it appears in this state
to act in the same manner as the earths, A very
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The action of the sun upon the surface of the
soil tends to disengage the gaseous and the volatile
fluid matters that it contains; and hedt inereases
the rapidity of fermentation: and in the siamnier
fallow, nourishment is rapidly produced, at a time
when no vegetables are present capable of absoib-
ing it.

Land; when it is not employed in pre[mrmg'
food for animals, should be applied to the purpose
of the preparation of manure for plants; and this
is effected by means of green eérops, in conse-
quence of the absorption of carbonaceous matter
in the carbonic acid of the atmospheré. In a sam-
mer’s fallow a period is always lost in which x‘nge-
tables may be raised, either asfood for animals, or
as nourishment for the next erop; and the texture’
of the soil is not so' much improved by its éxposirié
as i winter, when' the expansive powers of icé, the
gradual dissolution of snows, and the alternations
from wet to dry, tend io pulverize it; and to mix its
different parts together.

In the drill hushandry the Iand is preserved clean
by the extirpation of the weeds by hand, and by
raising the crops in rows, which venders the de-
struction of the weeds much more easy. Manuré is
supplied either by the gréeen crops thémsélves, or
from the dung of the cattlé fed upon thém; and theé
plants having liarge systems of leaves, aré madé to
alteérmate with' those bearing’ grain.
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Agriculture, and who has the merit of first adopt-
ing a plan similar to Mr. Coke’s upon strong clays,
suffers the ground after barley to remain at rest for
two years in grass; sows’ peas and beans on the
leys; ploughs in the pea or bean stubble for wheat;
and in some instances, follows his wheat crops by a
course of winter tares and winter barley, which is
eat off in the spring, before the land is sowed for
turnips.

Peas and beans, in all instances, seem well

‘adapted to prepare the ground for wheat; and in
some rich lands, as in the alluvial soil of the Parret,
mentioned in the Fourth Lecture, and at the foot of
the South Downs in Sussex, they are raised in al-
ternate crops for years together. Peas and beans
contain, as appears from the analyses in the Third
Lecture, a small quantity of a matter analogous to
albumen; but it seems that the azote which forms a
constituent part of this matter, is derived from the
atmosphere. The dry bean leaf, when burnt,
yields a smell approaching to that of decomposing
animal matter; and in its decay in the soil, may
furnish prineiples capable of becoming a part of the
gluten in wheat.

Though the general composition of plants is very
analogous, yet the specific difference in the products
of many of them, and the facts stated in the last
Lecture, prove that they must derive different ma-
terials from the soil; and though the vegetables
having the smallest systems of leaves will propor-
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part of the eircle has been exhausted by preceding
crops ; but where the fungus has died, nourishment
1s supplied for grass, which usually rises within the
circle, coarse, and of a dark green colour.

When cattle are fed upon land not benefited by
their manure, the effect is always an exhaustion of
the soil ; this is particularly the case where carry-
ing horses are kept on estates; they consume the
pasture during the night, and drop the greatest
part of their manure during their labour in the day-
time.

The exportation of grain from a country, unless
some articles capable of becoming manure are in-
troduced in compensation, must ultimately tend to
exhaust the soil. " Some of the spots, now desart
sands in northern Africa, and Asia Minor, were
anciently fertile. Sicily was the granary of Italy;
and the quantity of corn carried off froni it by the
Romans, is probably a chief cause of its present
sterility. In this island, our commercial system at
- present has the effect of affording substances, which
in their use and decomposition must eurich the land.
Corn, sugar, tallow, oil, skins, furs, wine, silk,
cotton, &c. are imported, and fish are supplied
from the sea. Amongst our numerous exports
woollen, and linen, and leather goods, are almost
the only substances which contain any nutritive ma-
terials derived from the soil. |

In all courses of crops it is necessary that every
part of the soil should be made as useful as possible
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mixed with it, such as chopped straw, or dry
withered grass, in order that the functions of the
stomach and bowels may be performed in a natural

number of pigs, were kept a fortnight on the produce of one
acre, :

Poa trivialis, rough-stalked meadow. Oxen, horses, and
sheep, eat this grass with. avidity. Hares also eat it; but they
give a decided preference to the smooth-stalked meadow-grass,
to which it is, in many respects, nearly allied.

Poa pratensis, smooth-stalked meadow grass. Oxen and
horses are observed to eat this grass in common with others;
but sheep rather prefer the hard fescue, and sheeps’ fescue,
which affect a similar soil. This species exhausts the soil in a
greater degree than almost any other species of grass ; the roots
being numerous, and powerfully creeping, become in two or
three years completely matted together; the produce dimi-
nishes as this takes place. It grows common in some meadows,
dry banks, and even on walls,

Cynosurus cristatus, crested dog's-tail grass. The South
Down sheep, and deer, appear to be remarkably fond of this
grass : in some parts of Woburn Park this grass forms the prin-
cipal part of the herbage on which these animals chiefly browse :
while another part of the Park, that contains the Agrostis capil-
laris, Agrostis pumilis, Festuca ovina, Festuca duriuscula, and
Festuca cambrica, is seldom touched by them ; but the Welch
breed of sheep almost constantly browse upon these, and neg-
lect the Cymosurus cristatus, Lolium perenne, and Poa tri-
vialis. .

Agrostis vulgaris (capillaris, Linn.), fine bent; commou bent,
This is a very common grass on all poor dry sandy soils. It is
not palatable to cattle, as they never eat it readily, if any other
kinds be within their reach. The Welch sheep, however,
prefer it, as I before observed; and it is singular, that those


































































APPENDIX, 289

0Z. or lbs. per acre

64 dr. of grass afford of nu-

tritive matter 1.2 dr.

The produce of the space,

ditto - - 423
The weight of nutritive matter which is lost by
leaving the crop till the seed be ripe, being

nearly one fourth of its value 942 9

The produce of latter-math is
Grass, 6 oz. The produce

}31906: 199 6 0

per acre - - 65340 0 = 4083 12 0
64 dr. of grass afford of nutritive
matter 1.3 dr. 1786 10 111 10 O

The proportional value in which the grass of the latter-
math exceeds that of the flowering crop, is as 6 to 7.
The grass of the seed crop and that of the latter-math are
of equal value.

This grass is therefore of least value at the time the
seed is ripe; a loss of more than one-fourth of the value
of the whole crop is sustained if it is not cut till that
period : the straws are thep dry, and the root leaves in a
sickly decaying state; those of the latter-math, on the
contrary, are luxuriant and healthy. This species sends
forth flower-stalks but once in a season, and these being
the most valuable part of the plant for the purpose of
hay; it will, from this circumstance, and the superior
value of the grass of the latter-math, compared to that of
the seed crop, appear well adapted for permanent pasture.

I1X. Poa ceerulea.---Var. Poa pratensis, Engl. Bot, 1004.
Poa subczrulea.

Short blueish meadow grass. Nat. of Britain, H.
Kew. 1—155, Poa humilis.




































APPENDIX. 401

The proportional value which the grass at the time of

flowering, bears to that at the time the seed is ripe, is as
11 to 13.

The latter-math produce is

Grass, 12 0z. The produce

per acre - - 130680 0O
64 dr. of grass afford of

nutritive matter - 2dr. 4083 12 = 255 3 12

The proportional value in which the grass at the time
of flowering, exceeds that of the latter-math, is as 8 to
11; and the latter-math stands to that at the time the seed
is ripe in proportion as 8 to 13.

The merits of this grass seem to demand notice; its nu-
tritive powers are considerable, and its produce large
when compared with others which affect a similar soil.

0Z. or lbs. per acre

8167 8 0

XVII. Dactylis glomerata. Engl. Bot. 835. Fl. Dan.743.
Round-headed cock’s-foot grass. Nat. of Britain.
Wither. B. 2 E. 149.

At the time of flowering, the produce from a rich sandy
loam is
Grass, 41 oz. The produce

per acre - - 446490 0 = 279056 10 O
80 dr. of grass weigh
whendry -  3ddr.

The produce of the 189758 4 = 11859 14 4

space, ditto - 2784dr.
The weight lost by the produce of one acre

in drying - - - 16045 11 12
64 dr. of grass afford

of nutritive matter 2.2 dr.
17424 0= 1089 O ¢
The produce of the =
space, ditto  25.2%
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The weight lost by the produce of one acre in
drying - - - 11740 13 0
64 dr. of grass afford |
of nutritive matter 3 dr.
The produce of the
space, ditto - 222
This species, like the preceding, is strictly annual ; the
above is therefore the produce for one year, which, if com-
pared with that of the least productive of the perennial
grasses, will be found inferior, and it must consequently be
regarded as unworthy of culture.

16314 1 = 957 2 .1

XXI. Poa angustifolia. With. 2. P. 142,
Narrow-leaved meadow grass. Nat. of Britain.

At the time of flowering, the produce from a brown
loam, is

0z, or lIbs. peracre
Grass, 27 oz. The produce
peracre - - 204030 0 = 18376 14 0
80 dr. of grass weigh
whendry -  34dr.

The produce of the 124962 12 = 7810 2 12

space, ditto 183.22
The weight lost by the produce of one acre in

drying - - - 10566 11 4
64 dr. of grass afford

of nutritive matter 5 dr.
The produce of the

space, ditto - 33.3

At the time the seed is ripe, the produce is

Grass, 14 oz.. The produce
per acre - - 152460 0 = 9528 12 0

22886 11 = 1430 6 11
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The value of the grass at the time the seed is ripe, is to
that of the grass at the time of flowering, as 6 to 18.

The loss which is sustained by leaving the crop of this
grass till the seed be ripe is very great. That it loses more
of its weight in drying at this stage of growth, than at the
time of flowering, perfectly agrees with the deficiency of
nutritive matter in the seed crop, in proportion to that in
the flowering crop : the straws being succulent in the for-
mer, they constitute the greatest part of the weight; but
in the latter they are comparativély withered and dry,
consequently the leaves constitute the greatest part of the
weight. It may be observed here, that there is a great
difference between straws or leaves that have been dried
after they were cut in a succulent state, and those which
are dried (if I may so express it) by nature while growing.
The former retain all their nutritive powers; but the lat-
ter, if completely dry, very little, if any.

XX VIIL. Lolium perenne. Engl. Bot.315. Flo. Dan.747.
Perennial rve-grass. Nat. of Britain.

At the time of flowering, the produce from a rich brown
foam is,
0z. or lbs. peracre

Grass, 11 oz. 8dr. The pro-
duce per acre - 125235 0 = 782T"'3 O
80 dr. of grass weigh
whendry - 34dr
The produce of the
space, ditto -0 T84
The weight lost by the produce of one acre
in drying - - - 4494 14 3
64 dr. of grass afford

of nutritive matter 2.911:'.} 4891 15 = S05 11 15

53156 13 = 3322 4 1%

The produce of the
space, ditte - 7.0














































































































































































APPENDIX. 471

Of the Time in which different Grasses produce Flowers
and Seeds.

To d=cide positively the exact period or season, when a
grass always comes into flower, and perfects its seed, will
be found impracti—:ﬁble; for a variety of circumstances in-
terfere. Each species seems to possess a peculiar life in
which various periods may be distinctly marked, according
to the varieties of its age, of the seasons, soils, exposures,
and mode of culture.

The following Table, which shews the time of flower-
ing, and the time of ripening the seed of those grasses
growing at Woburn, which are mentioned in the Experi-
ments, must therefore only be considered as serving for a
test of comparison, for the different grasses, growing under
the same circumstances.

Time of ripening

Names. Time of flowering. the Seed.
Anthoxanthum odoratum April 29 June 21
Holcus odoratus April 29 June 25
Cynosurus ceruleus April 50 June 20
Alopecurus pratensis May 20 June 24
Alopecurus alpinus May 20 June 24
Poa alpina May 30 June 30
Poa pratensis May 30 July 14
Poa caerulea May 30 July 14
Avena pubescens June 13 July 8
Festuca hordiformis June 13 July 10
Poa trivialis June 13 July 10
Festuca glauca June 13 July 10
- Festuca glabra June 16 July 10
Festuca rubra June 20 July 10
Festuca ovina June 24 July 10
Briza Media June 24 July 10
Dactylis glomerata June 24 July 14
Bromus tectorum June 24 July 16
Festuca cambrica June 28 | July 16
Bromus diandrus June 28 July 16








































































