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GRICULTURE is the art of making the
earth produce the laigeft crop of ufeful
vegetables at the {malleft expence. It has of-
ten been remarked, that amidft the various im-
provementswhichmoft of the practicalartshave
derived from the progrefs lately made in natu-
ral philofophy and chemiftry, none have fallen
to the thare of agriculture, but that it remains
nearly in the fame ftate in which it exifted two
thoufand years ago. I am far from allowing
the
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the truth of this obfervation,taken initstotality;
to refute it, we need only compare the writings
of Cato, Columella, or Pliny, with many mo-
dern ‘Traéls, or ftill better, with the modern
practice of our beft farmers. It muft be granted,
however, that vague and fortuitous experience
has contributed miuch more to the prefent flou-
rithing {tate of this art than any general princi-
ples deduced from our late acquired know-
ledge, either of the procefs of vegetation, or
of the nature of foils; but the 1kill thus fortu-
itoufly acquired is neceffarily partial, and ge-
nerally local; the very terms employed by the
perfons who moft eminently poflefs it, are ge-
nerally of a vague and uncertain fignification.
Thus Mr. Young, to whofe labours the world
is more iidebted for' the diffufion of agricultu-
ral knowledge that to' any writer who has as
yet appeared, remarks, That in fome partsbf
England, where hufbandry is fuccefsfully prace
tifed, any loofe clay'is called marl*; int others,
marl is called chalk+; and' in others, clay is

called loam {. - Philofophie’ refearches have
been maﬂfe, not yet fufficiently noticed 5 much

* Firlt Eaﬁcrn Tour, t;ri + 2 Bath th 192, :24-

T3 Bath Mem. 137
information
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information may bederived from Monfieur Dua
Hamel, and much more from the well-di-
reted experiments of Mr. Tillet §. Immenie
{trides have been made in this career, by the
dluftrious Bergman; Dr, Prieftly’s experi-
ments have thrown a new light on this, as well
as on every other object of natural philofophy.
Mr. Lavoifier’s new theory explains many
circumitances, before inexplicable ; discove-
ries of great importance have been made by
Mz, Senebier and Dr. Ingenhouz: even Mr,
Young has notalways confined his attention to
the mere practical part, but fometimes happily
extended it to objeéts of a more general and
{peculative nature; but the fulleft light, per-
haps,has been thrown on this fubjet by the late
difcoveries of Mr. Haflenfraz *.

If the exact connexion of effe@s, with theit
caufes, has not been fo fully and fo extenfively
traced in this as in other fubjeéts, we muft at-
tribute it to the peculiar difficulties of the invef:
tigation. In other fubjeéts, expofed to the joint
operation of many caufes, the effedt of each,
fingly and exclufively taken, may be particu-
larly examined; the experimenter may work

§ Mem, Par. 1772, * Annales Chymigues, Vol 13, 14.

1
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in his laboratory with the objeét always in his
view ; but the fecret procefles of vegetation
take place in the dark, expofed to the various
and indeterminable influences of the atmof-
phere, and require at leaft half a year for their
completion. Hence the difficulty of determi-
ning on what peculiar circumftance fuccefs or
failure depends ; the diverfified experience of
many years can alone afford a rational founda-
tion for folid {pecific conclufions. It cannot
therefore be expeéied that new, decifive, and
direct experiments fhould be laid before the
Academy within the time prefcribed for an-
fwering this queftion. The refolution of the
firft part muft be deduced from a {tatement of
fatts long eftablifhed by multiplied experience;
and that of the {econd, by the application of
more general principles to the explanation of
thofe faéts.—But before we proceed to either
branch of this queftion, the diftinétions and
denominations both of {oils and manures muft
be exadlly fettled and accurately defined.
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C HOATE, L

®F SOILS AND MANURES,

SECTIONGL
Of Soils.

AND, confidered as the bafis of vegeta-
tion, 1s called /o:/.

Sorls confift of differerent combinations of
two or more of the four primitive earths, name-
ly, the calcareous (which I fometimes call
mild calx) magnefia, argill, and the filicious.
For a more accurate defcription of thefe I muft
refer to books of mineralogy; and fhall only
remark, that by calcareous earths are meant
ehalk, and all ftones that burn to lime. They

are eafily diftinguifhed by their property of ef-
fervefcing with acids.

Magnefia 1s never found alone; its diftine
guifhing charatter confifts in affording a bitter
falt, generally called Epfom Salt, when com-
bined with the vitriolic acid.

E Argill
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Argill is that part of clay to which this owes

s property of feeling foft and un&uous, and
of hardening in fire; it is diﬂ:lcultly {oluble 1
acids, and fcarce ever effervefces with them.
When combined with the witriolic acid, it
forms alum.

Silicious Farth 1s often found in a ftony
form, fuch as flint or quartz; and ftill more
frequently in that of a very fine fand, fuch as
that whereof glafs is made. It does not effer-
velce, nor is it foluble in any of the common
acids. | | |
To thefe we may add Iron, in that imper-
feét ftate in which it exifts when reduced to
ruft, and commonly called Calx of Iron. :

The foils moft frequently met with, and
which deferve a diftin& confideration; are clay,
chalk, fand, and gravel, clayey loam, chalky
loam, fandy loam, gravelly loam, ferruginous
loam, boggy foil, and heathy {oil or mountain,
as it is often called.

Clay is of various colours, for we meet with
white, grey, brownifh red, brownifh black,
yellow or bluifh clays; it feels {mooth, and
fomewhat unftuous : if moitt it adheres to the
fingers, and if fufficiently fo, it becomes tough
and du&ile. If dry, it adheres more or lefs

to
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to the tongue: if thrown into water, it gradu-
ally diffufes itfelf through it, and flowly fepa-
rates from it. It does not ufually efferveice
with acids, unlefs a ftrong heat be apphed, or
that it contains a few calcareous particles, or
magnefia. If heated, it hardens and burns to
a brick. _

It confifts of argill and fine {and, ufually ot
the filicious kind, in various proportions, and
more or lefs ferruginous. The argill forms
generally from 20 to 75 per cwt. of the whole
mafs; the fand and calx of iron the remainder.
Thefe are perfetly {eparable by boiling 1n
ftrong vitriolic acid.

Chalk, if not very impure, i1s of a white co3
lour, moderate confiftence, and duity furface,
ftains the fingers, adheres {lightly to the tongue,
does not harden when heated, but, on the con=
trary, ina {trang heat burns to lime, and lofes
about four-tenths of its weight. It effervefces
withacids, and diflolves almoft entirely therein,
Ithall alfo add, that this folution is not difturb-
ed by cauftic volatile alkali, as this circum-
ftance diftinguifhes it from magnefia,—it pro-
motes putrefation.

Sand. By this is meant fmall loofe grains

B of
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of great hardnefs, not cohering with water,
nor foftened by it. It is generally of the filici-
ous kind, and therefore infoluble in acids.

Gravel differs from fand chiefly in fize : how-
ever flones of a calcareous nature, when fmall
and rounded, are often comprehended under
that denomination. |

Loam denotes any foil moderately cohefive ;
that 1s, lefs {o than clay, and more fo than
loofe chalk. By the Author of the Body of
Agriculture, it is {aid to be a clay mixed with
fand. Doctor Hill defines it an earth compof-
ed of diffimilar particles, hard, {tiff, denfe,
harfh, and rough to the touch, not eafily duc- |
tile while moift, readily diffufible in water,
and compofed of fand and a tough vifcid clay,
T he definition 1 have given {feems moft fuited
to the different fpecies I fhall now enumerate.

Clayey Loam denotes a compound foil, mo-
derately cohefive, in which the argillaceous
ingredient predominates. Its coherence 1s then
greater thau that of any other loam, but lefs
than that of pure clay. The other ingredient
1s 2 coarfe fand, with or without a {mall mix-
ture of the calcareous ingredient. It is this

which farmers generally call frong, f1ff, cold,
and
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and Abeavy loam, in proportion as the clay
abounds 1n 1t.

Chalky Loam. This term indicates a loam
formed of clay, coarfe fand, and chalk; in
which, however, the calcareous ingredient or
chalk much predominates. It is lefs cohefive
than clayev loams.

Sandy Loam denotes a loam in which fand
predorninates: it is lefs coherent than either
the abovementioned. Sand, partly coarfe and
partly fine, forms from 8o to 9o per cent. of
this compound. |
- Gravelly Loam differs from the laft only in
containing a larger mixture of coarfe fand, or
pebbles.  This and the two laft are generally
called by farmers, /ight or hungry foils; parti-
sularly when they have but little depth,

Ferruginous Loam, or T7/l. 'This is gene-
rally of a dark brown, or reddith colour, and
much harder than any of the preceding : it con«
fifts of clay and calces of iron, more or lefs in-
timately mixed. It may be diftinguifhed not
only by its colour, but alfo by its fuperior
weight: it fometimes effervefces with acids,
and fometimes not; when it does, much of

the irony part may be feparated, by pouring
it,
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it, when well dried, into {pirit of falt; from
which the iron may afterwards be feparated by
alkalis or chalk.

Akin to this are certain witriolic
Joils, which when fteeped in water, impart to
it the power of reddening {yrup of violets.
‘Thefe are generally of a blue colour, but red-
den when heated.

Bogzy Soil, or Bogs, confift chiefly of lig-
neous roots of decayed vegetables mixed with
earth, moftly argillaceous, and fand, and a
eoaly fubftancederived from decayed vegetables.
Of bogs there are two forts : the black, which
contaih a larger proportion of clay and of roots
mmore perfeéﬂy decayed, with mineral oil. In
the red the roots feem lefs perfetly decayed,
and to form the principal part.

Heathy Soil1s that which is naturally pro-
ductive of heath.
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SECTION IL

Of Manures

Manure denotes any fubftance or operation
by which a foil is improved. To improve a
foil is to render it capable of producing corn,
legumens, and the moft ufeful graffes.

The fubftances principally ufed as manures,
are chalk, lime, clay, fand, marl, gypfum,
athes, {table-dung, mucks, farm-yard dung,
pounded bones, fea-weeds, {weepings of dit-
¢hes, old ditches. Other manures or top-drefl«
ings, as they are employed chiefly to promote
the growth of vegetables, and not merely with
a view of improving the foil, I omit.

The operations ufed to improve foils, are fal-
lows, draining, paring and burning.

Of chalk, clays, and fand, we have already
treated.

Lime 1s a {fubftance whofe external chara&ers
and mode of produétion are well known. It
differs from chalk and powdered limeftone
shiefly by the abfence of fixed air, which is

. expelled
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expelled from thefe during their calcination

This air it greedily reabforbs from the atmof-
phere, and all other bodies with which it
comes in contact, and which can furnith it;

~ but it cannot unite with the air unlefs it is pre-
vioufly moiftened. 100 Parts quick-lime ab-
forb about 28 of water. It is {oluble in about
700 parts of this fluid. To regain its full por-
tion of air from the atmoiphere, it requires a

year or more, if not purpofely {pread out: it
refifts putrefaction; but with the affiftance of
moifture, it refolves organic fubftances into a.
mucus.

Marl is of three forts ; calcareous, argillace-
ous, and filicious or fandy. All are mixtures
of mild calx (i e. chalk) with clay, in fuch
a manner as to fall to pieces by expofure to
the atmofphere more or lefs readily.

Calcareous Marl 1s that which is moft com-
monly underftood by the term Mar/, without
addition. It is generally of a yellowifh white,
or yellowifh grey colour ; rarely brown or lead
coloured. - It is feldom found on the furface of
land, but commonly a few feet under it, and
on the fides of hills, or rivers that flow through
calcareous countries, or under turf in bogs,
baiis Fres
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Frequently of a loofe texture, fometimes mo-
derately coherent; rarely of a ftony hardnefs,
and hence called fone-marl. Sometimes of a
compadt, fometimes of a lamellar texture; of-
ten {o thin as tobe called paper-mar/. It often
abounds with fhells, and-then is called fbe//-
marl; which is looked upon as the beft fort.
‘When in powder, it feels dry between the fin-
gers; put in water, it quickly falls to pieces
or powder, and does not form a vifcid mafs.
It chips and moulders by expofure to the air
and moifture, fooner or later, according to its
hardnefs and the proportion of its ingredients:
if heated, it will not form a brick, but rather
lime. Iteffervefces with all acids. It confifts
of from 33 to 8o per cent. of mild calx, and

from 66 to 20 per cent. of clay.
To find its compofition, pour a few ounces
f weak, but pure fpirit of nitre or common
falt intoa Florence flafk ; place them in a fcale
and let them be balanced ; then reduce a few
ounces of dry ‘marl into powder, and let this
powder be carefully and gradually thrown into
the flafk, until after repeated agitation no ef
fervefcence is any longer perceived ; let the re-
mainder of the powdered marl bejthen weighed,
D by
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by which the quantity projected will be known 3
let the balance be then reftored ; the difference
of weight between the quantity projected and
that requifite to reftore the balance will difcover
the weight of air loft during effervefcence; if
the lofs amounts to 13 per cwt. of the quantity
of marl projeéted, or from 13 to 32 per cwt.
the marl eflayed is calcareous marl. ‘This ex-
periment 1s decifive, when we are affured by
the external charaéters above mentioned, that
the fubftance employed is marl of any kind;
otherwife fome forts of the fparry iron-ore
may be miftaken for marl. The experiments
to difcover the argillaceous ingredient (being
too difficult for farmers) I omit. The refidue
left after f{olution, being well wathed, will,
when duly heated, generally harden into a
brick.

Argillaceous Marl contains from 68 to 8a
per cwt. of clay, and confequently from 32 to
20 per cwt. of aerated calx, Its colour is grey
or brown, or reddith brown, or yellowith or
bluith grey. It feels more unétuous than the
former, and adheres to the tongue; its hard-
nefs generally much greater. In water it falls
to pieces more flowly, and often into fquare

pieces:
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pieces: it alfo more flowly moulders by exe
pofure to the air and moifture, if of a loofe
confiftence: it hardens when heated, and forms
an imperfe& brick. It effervefces with {pirit
of nitre or common falt, but frequently refufes
to do fo with vinegar. hen dried and pro-
je€ted into fpirit of nitre in a Florence flatk,
with the attentions abovementioned, it is found
to lofe from 8 to 10 per cwt. of its weight.
The undiffolved part, well wathed, will when
duly heated harden into a brick.

Silicious, or Sandy Marls, are thofe whofe
clayey part contains an excefs of {and: for, if
treated with acids in the manner abovemen-
tioned, the refiduum, or clayey part, will be
found to contain above 75 cwt. of {fand; confe-
quently chalk and fand are the predominant
ingredients,

‘The colour of this marl is brownith grey, or
lead coloured: generally friable and flakey,
but fometimes forms very hard lumps. It
does not readily fall to pieces in water. It
chips and moulders by expofure to the air and
moifture, but flowly. It effervefces with acids;

but the refiduum after {folution, will not form
a brick.

D 2 Lr:fﬂf"‘
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Limeflone Gravel. This is a marl mixed
with large lumps of limeftone. ‘The marl
‘may be either calcareous or argillaceous; but
moft commonly the former. The fandy part
is alfo commonly calcareous.

Gypfum is a compound of calcareous earth
. and vitriolic acid: it forms a diftint fpecies of
the calcareous genus of foffils: of which fpe-
cies there are fix families.

The general chara&er of this fpecies are,

1. Selubility in about 500 times its weight
of water, 1n the temperature of 60°

2. Precipitability therefrom by all mild al-
kalis, and alfo by cauftic fixed, but not by
cauftic volatile alkali. |

3. Ineffervefcence with acids, if the gypfum
be pure; but {fome families of this {pecies, be-
ing contaminated with mild calx, {hghtly ef-
fervelce.

4. Infolubility, or nearly {o in the nitrous
acid, in the ufual temperature of the atmo-
{phere. *

5. A fpecific gravity, reaching from, 2,16
to 2,31I.

6. A degree of Hardnefi, {fuch as to admit
being fcraped by the nail.

7. When
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7 When heated nearly to rednefs it cal-
cines; and if then it be {lightly {prinkled with
water, 1t again concretes and hardens.

8. It promotes putrefattion in a high de-
gree,

Of the fix families of this fpecies I fhall de-
{cribe only one; namely, that which has been
moft advantageoufly employed as a manure.
Defcriptions of the other five fhould be found
i treatifes of mineralogy. Itis called fibrous
Syplum.

Its colours are grey, yellowith or reddifh, or
filvery white, or light red, or brownifh yel
low, or ftriped with one or more of thefe dark
colours. It is compofed of fibres or ftriz either
ftraight or curved, parallel or converging to a
common centre, fometimes thick fometimes
fine and fubtile, adhering to each other, and
very brittle: its hardnefs fuch as to admit
being {craped with the nail: commonly femis
tranfparent; in fome,often in a high degree.

Afpes. - Sifted coal-athes, thofe of peat and
white turf-athes, have been found ufeful; red
turf afthes ufelefs, and generally hurtful.
Wood-athes have alfo been employed advan-
tageoully in many cafes; they contain either

the
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the four primitive earths, as Mr. Bergman
afferts, or calcareous earth chiefly, according to
Achard : or calcareous and magnefia, accord-
ing to D’Arcet. They alfo contain fome pro-
portion of phofphorated felenite, 7. e, calcare-
ous earth united to the phofphoric acid. Al-
moft all contain alfo a fmall and variable
proportion of common falt, Glauber’s falt, and
terrene falts, which, when in a fmall dofe, all
accelerate putrefaction; alfo {mall bits of char-
coal. '
Charcoal is a {ubftance well known ; it has.
frequently and fuecefsfully been ufed as a ma-
nure. 1ft Young’s Annals, 152, &c. &c.
Soap-boilers Wafle forms an excellent ma-
nure for fome {oils; it contains, by Mr.
Ruckert’s Analyfis, §7 per cwt. of mild calx,
11 of magnefia, 6 of argill, and 21 of filex.
Stable Dung. This 1s ufed either frefh or
putrefied ; the firlt is called /ong, the other
Sfhort dung; 1t abounds in animal matter, ea-
fily runs into putrefaction, and when putrefied
ferves as a leaven to haften the decay of other
dead vegetable fubftances; its fermentation is
promoted by frequent agitation and expofure
to the air: yet it fhould be covered to prevent
water
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water from carrying off moft of its important
mgredients; or at leaft the water that imbibes
them thould not be loft.

Farm-yard Dung confifts of various vegeta-
bles; as ftraw, weeds, leaves, fern, &c. im-
pregnated with animal matter ; it ferments
more flowly than the former; thould be piled
in heaps, andftirred, from time to time. Fern
putrefies very flowly, The water that iilues
from it fhould be preferved.

Some of thefe manures have been analyzed.
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Hence they fhould beapplied, not indifcrimi=
nately, but according to circumftances, to be
indicated in the fequel.

Pounded bones form alfo manure much ufed
in the neighbourhood of great towns. They
gradually depofit their oily part, which con-
tains a large proportion of animal coal whic:hi.g
extricated by putrefaétion, and phofphorated
calx. Hence Bone-afh is al{o ufeful.

Sea-weed, particularly if mixed with earth,
{oon putrefies, and makes a good manure.

Sweepings of Ditches abound with. putrid
matter from decayed vegetables, and hence
form a manure,

Old Ditches, expofing a large furface to ve-
getation, contain, when deftroyed, a quantity
of decayed vegetables, which putrefy and
make a good manure; but in this and the for-
mer cafe, it may be proper to diftinguith of
what foil they are compofed, for reafons that
will hereafter appear. |

Fallowing, isthe principal operation by which
exhaufted lands are reftored to fertility ; its ufe
feems to me to confift in expofing the roots of
vegetables to decay, whereby food for a fre(h
growth is prepared; the atmofphere alfo depo-

" | E fits
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fits fixed air and carbonaceous fubftance: on
earth long expofed to it. I

Draining, 1s an operation equally neceflary
and well known, on which no more need be
{aid here.

Paring and burning reduces the roots of ve-
getables to coal and afthes; and thus prepares
both a ftimulant and nutriment for plants, as
will be feen hereafter.

CoHUA K, ST

OF THE FOOD OF PLANTS, AND THE COMPO~-

SITION OF FERTILE SOILS.

¥ YAVING i the preceding chapter ex-

plained the nature of the different {oils
known in agriculture, and of the different ma-
nures whofe general utility has been afcertain-
ed by long experience, we are now to enquire
which of thofe manures are moft advantage-

geoufly applicable to each of thofe particular
foils,
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{oils, and what are the caufes of their beneficial
effe@ in each particular inftanee.

To proceed with order in this enquiry, we
muit obferve that the general effect expeéted
from the application of manure is fertility; that
1s, the moft copious produétion of corn and
grafles;and, fincefertility isitfelf the refult of the
due adminiftration of the food of thofe vegeta-
bles, wemuft fir{t fee what that food is, and of
what ingredients a foiloughtto be compofed, in
ordertocontain or adminifterit ;after which we
{hall indicate by what manures ea{;h_ pﬁrticular
fort of {oil 1s brought into a fertile ftate (which
is the beneficial effect expefted from them) and
how in each particular cafe they contribute to
the due adminiftration of the vegetable food,
which is the caufe of their beneficial effeét,

B WO G O N O

Qf the Food of Plants.

TO difcover the food of plants, particularly
of thofe which form the obje& of our prefent
enquiry, we muft examine the nature and pro-

X 2 portion
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portion of the fubftances in which they ‘grow,
and of thofe which they themfelves contain:
thus we fhall be enabled to fee which of the
latter are derived from the former.

Firft, All plants (except the fuhaqueous)
grow in a mixed earth, moiftened with ramn
and dew, and expofed to the atmofphere. If
this earth be chemically examined, it will be
found to confift of filicious, calcareous, and ar-
gillaceous particles, often alfo of magnefia, in
various proportions, a very confiderable quan-
tity of water, and fome fixed air. The moft
fertile, alfo, contain a fmall proportion of oil,
roots of decayed vegetables, a coaly fubftance
arifing from putrefaétion, fome traces of ma-
rine acid, and’ gypfum®. On the other hand,
if vegetables be analyzed, they will be found to
contain a large proportion of water and char-
coal ; alfofat and eflential oils, refins, gums,
and vegetable acids: all which are redu-
cible to water, pureair, inflammable air and
charcoal : aimall proportionof fixed alkaliisal{o
found, fome neutral falts, moft commonly gyp-
fum, tartar vitriolate, common falt, and falt of

{ylvius.

® Home, 15 Mem. D’Agriculture, Par. 17go. Ency-
cloped, Fegeiation, p. 277,
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{ylvius. In corn, and particularly wheat, phof-
phorated felenite is al{o found.
_ Hence we fee that, on the laft analyfis, the
only fubftances common to the growing vege-
tables and the foils in which they grow, are
water, coal, different earths, and falts. Thefe,
therefore, are the true food of vegetables: to
them we fhould alfo add fixed air, though, by
reafon of its decompofition, it may not be dif-
tinétly found in them, or at leaft not diftin-
guifhable from that newly formed during #besr
decompofition.

I thall now examine the feparated funtions
of each of thelfe ingredients. .

Of Water.

The agency of water in the procefs of vege-
tation, has never been doubted, though the
‘manner in which it contributes to it has not,
until of late, been diftinétly perceived. Doc-
‘tor Hales has thewn that in the fummer months

a fun-flower, weighing three pounds avoirdu-
pois, and regularly watered every day, pafled

through it, or peripired, 22 ounces each day ;
that 1s, nearly half its weight. He alfo found
| that
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that a cabbagc-plant, weighing 1lb. g oz,
fometimes perfpired 1lb, 3 0z.; but at a me-
dium about half its weight§. Doftor Wood-
ward found thata {prig of common fpearmint,
a plant that thrives beft in moift foils, weigh-
ing only 28,25 grs. paffed through it 3004
grs. i 77 days, between July and O&ober ;
that is, fomewhat more than its own weight
each day. He did more; for he found that in
that {pace of time the plant increafed 17 grs,
in weight, and yet had no other food but
pure rain water. But he alfo found that it
increafed more in weight when it lived on
{pring-water, and {till more when its food was
Thames water+. From whence we may de-
duce thatqgra:{'{'es and corn, during the time of
their growth, abford aboutone half their weight
of water each day if the weather be favourable,

Secondly, That the water they thus pafs
nourifhes them merely as water, without ta-
king any foreign fubftance into the account;
for 3000 grs. of rain water, in Doétor Wood-
ward’s experiment, afforded an increafe of 15
grains; whereas by Margraaff’s experiments,

5760

§ 1 Hales, 9,10, 15 1 2 Phil, Tranf, Abr, 716,
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5760 grs. of that water contain only one third
of a grain of earthf. But,

Thirdly, It alfo follows, that water contri-
butes {till more to their nourithment when it
conveys to them earthy and faline particles, as
{pring and Thames waters do.

The manner in which pure water contri-
butes to the nourithment of plants, befides
the fervice it renders them in diftributing the
nutritive parts throughout their whole ffructure,
and forming itfelf a conftituent part of all of
them, may be underftood from modern ex-
periments. Doétor Ingenhouz and Mr. Se-
nebier have fhewn that the leaves of plants
expofed to the fun produce pure air: now wa-
ter has of late been proved to contain about 87
per cwt. of pure air, the remainder being in-
flammable air. Water is then decompofed
by the affiftance of light within the vegetable;
ts inflammable part is employed in the forma-
tion of oils, refins, gums, &c.; its pure air
is partly applied to the production of vegetable
acids, and partly expelled as an excrement.

Many indeed have afferted that water is the
fole food of vegetables; and among the experi-

ments

1 2 Margr, 6, 70.
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ments adduced to prove it, that of Van Hel-
mont, quoted by the illuftrious Mr. Boyle+,
1s by far the moft fpecious. He planted a
trunk of willow, weighing g lb. i an earthen
veflel filled with earth dried in an oven, and
then moiftened with rain-water. ‘This veflel,
it appears, he {unk in the earth, and watered
partly with ram-water, and occafionally with
diftilled. After five years he found the tree to
weigh 169 1b. and the earth in which it was
planted, being again dried, to have loft only 2
oz. of its former weight, though the tree re-
ceived an increafe amounting to 164 1b.

Before I proceed to the explication of this
experiment, I muft remark fome circumftan-
ces attending it: Firft, that the weight of the
earth contained in the vefiel at the commence-
ment and at the end of five years, could not
be exactly compared, becauife the {fame de-
grees of deficcation could not be exa&ly afcer-
tained, and becaufe many of the fibrillze of the
roots of the tree muft have remained in the
earth after the tree was taken out of the veflel,
and thefe muft have prevented the true lofs of

earth from being perceived. Secondly, That
' ' the

+ zd Shaw’s Boyle, 240,
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the earthen veflel muft have frequently ab-

forbed water impregnated with whatever fub-
ftance it might contain, from the furrounding
earth in which it was inferted; for unglazed
carthen veflels eafily tranfmit moifture, (1t
Hales 5, and Tillet’s Mem. Par. 1772, page
298, 304, 8vo.) ‘Thirdly, As it appears that
“the pot was funk in the earth, and received
rain-water, it is probable that diftilled water
was feldom ufed. :

Thefe circumftances being confidered, it
will eafily be made to appear that the rain~
water, abforbed by the tree, contained as
much carth as the tree can be fuppofed to con-
tain.

Firft, The willow increafed in weight 164 b,
m  five years; that i3, at the rate of 2,7 Ib,
IIEE;'IY per month; and it being an aquatic, it
cannot be {uppofed to pais lefs than its own
weight of water each day during the fix vege-
tating months, In the firft month therefore,
it abforbed and paffed 5»30=r150lb. and as
cach poundof rain water contains 1 gr. of earth,
50 gramns of earth muft have been depqﬁte'd
m the plant ; and allowing no more than 50
grams for the depofit of each of the fix
months, we fhall havesox 6= 300 for the de-

B pofit
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pofit {}f' the firlt year: but at the end of the
firlt year the plant gains an acceffion of321b.

therefore in each of the fix fummer months of
the fucceeding year, it pafles 37 ¥ 30=1110 lb.
of water, and receives a depofit of 370 grains;
and at the end of the {fecond year the depofit
amounts to 2220 grains. At the commence-
ment of the third year, the tree gaining a far-
ther acceffion of 3z Ib. muft weigh 691b. and
pafs in each of the fummer months 69X 30=
270 lb. of water and receive a depofit  of
69o grs. which multiplied into 6=4140 graius.
At the commencement of the fourth year, the
tree {till gaining 32 1b. muft weigh 101 Ib.
and if it pafles 101 4 30 in each of the fummer
mcmths, it muft gain a depofit in each of 1010
grs. of earth, and at the end of the year 6060.
At the commencement of the fifth year it
weighs 133 1b. and gains at the end of the
fix months 23940 grains of earth. The quan-
tities of earth depofited each year exceed 5 b,
avoirdupois, a quantity equal to that which
169 Ib. of willow can be {uppofed to contain;
for the commifiioners em ployed to infpect the
fabrication of faltpetre in France, having ex-
amined the quantities of afthes afforded by trees
of various kinds, found that 1000 Ib. of fally,

a tree
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a tree much refembling the willow, afforded
28 Ib. of afthes, and confequently 169 Ib.
thould produce 4,7. I do not give this calcu~
Jation, however, as rigoroufly exa&. Itiscer~
tain that if the depofit left at the end of every
month were exatly taken, the total would
exceed the quantity juft mentioned; but that,
found even by this rude mode, fufficiently
proves that water conveys a portion of earth in-
to vegetables equal to any that the experiments
hitherto made can prove to exift in them.

As to the coal, or carbonaceous principle,
which this willow muft alfo have contained, it
15 probable that much of it exifted in the earth
i which the willow grew. Some is contained
in all moulds or vegetable earth; and as we are
not told what fort of earth Van Helmont ufed,
we may well {fuppofe it was good vegetable -
earth, its quantity amounting to zoo lb. This
principle may alfo have been contained in the
water, for the pureft rain water c611ta1115
fome oleaginous particles, though in an exceed-
ing {mall proportion, as Mr. Margraaf has ob-
ferved+; and all oil contains coal. ~ Some alfo
may have pafled from the furrounding vegetable
earth through the pores of the earthen vellel.

F 2 All
+ 2d, Marg. 15,90,
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All the other experiments, adduced to prove
that water is the fole food of plants, may
be explained in the fame manner. Grains
of wheat have been made to grow on cot-
ton moiftened with water; each produced an
ear, but that ear contained but one graint.
Here the carbonaceous fubftance was derived
from the grain, and afterwards diffufed and
tranfported through the whole plant by the
water abforbed ; for it muft be obferved that
grain, like an egg, contains much of the nou-
rithment of its future offspring. It is thus that
tulips, hyacinths, and other plants, expand
and grow 1n mere water.

The earth contained in rain-water 1s united
partly with the nitrous and marine acids, as
Margraaf has fhewn, but far the greater part
only with fixed air; for the feeble traces of the
two former acids could not hold in folution the
100 grains of earth which he found in 300 1b,
of rain-water.

By far the greateft proportion of vegetable
{ubftances confifts of water, According to Mr.
Young and Ruckert, grafs lofes about % of its
weight on being dried into hay§. Dr. Hales

found
+ 2d Young’s Annals, 487.

§ zd Young’s An, 36. 2d Ruck. 139.
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found a fun-flower plant, which weighed 48

ounces, to lofe 36 ounces by drying in the air
during thirty dayst, and confequently to have
loft 3-fourths of its weight. Even vegetables, to
appearance thoroughly dry, contain from
3-fifths to 3-fourths of their weight of water f.
This water is not all in a liquid ftate, but, by
the lofs of much of its fpecific heat, is in a
great meafure {olidified.

Of Coal, or the Carbonic Subflance,

To Mr. Haflenfraz we owe the difcovery,
that coal is an effential ingredient in the food
of all vegetables. Though hitherto little at3
tended to, it appears to be one of the primaval
principles, as ancient as the prefent conftitu-
tion of our globe: for it is found in fixed air,
of which it conftitutes above % part; and fixed
air exifts in lime-ftones and other {ub{tances,
which date from the firft origin of things.

Coal not only forms the refiduum of all ve-
getable fubftances that have undergone a {low
and fmothered combuftion, that is, to which

the

1 1ft Hales, 3.
1 Ruckert, 28, Seneb, Encyclop. Vegetation, 52,
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the free accefs of air has been prevented, but
al{o of all putrid vegetable and animal bodies:
hence it 1s found in vegetable and animal ma-
nures that have undergone putrefaétion, and
is the true bafis of their ameliorating pow-
ers: if the water that paffes througha putrefy-
ing dunghill be examined, it will be found of
a brown colour; and if ihﬁje&ed to evapora-
tion, the principal part of the refiduum will be
found to confift of coal+4. All {oils {teeped 1n
water communicate the fame colour to it in
proportion to their fertility; and this water
Being evaporated, -leaves alfo a coal, as Mr.
Haffenfraz and Fourcroy atteft§. They alfo
- obferved, that fhavings of wood being left in
a moift place for nine or ten months, began to
receive the fermentative motion, and being
then {pread on land, putrefied after fome time,
and proved an excellent manure’§. Coal, how-
ever, cannot produce its beneficial effects but
in as much as it i§ foluble in water. The means
of rendering it foluble are not as yet well af-
certained ; neverthelefs, it 1s even now ufed as
a manure, and with good effe¢t*.  In truth,
the fertilizing power of putrid animal and ve-

' ' getable

4 14 An, Chy. 56. 1 Ibid. § Ibid, * Young’s Apnals,
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getable fubftances were fully known even 1
the remoteft ages, but moft fpeculatifts have
‘hitherto attributed them to the oleaginous,
mucilaginous, or faline particles then deve-
loped, forgetting that land is fertilized by pa-
ring and burning, though the oleaginous and
mucilaginous particles are thereby confumed
or reduced toa coal, and that the quantity of
mucilage oil or falt in fertile land is {0 {mall,
that it could not contribute the roooth part of
the weight of any vegetable; whereas coal
s fupplied not only- by the land, but alfo by
the fixed air combined with the earths, and
allo by that which is conftantly fet loofe by
~ wvarious procefles, and foon precipitates by the
{fuperiority of its {pecific gravity, and is then
condenfed in, or mechanically abforbed by
foils, or containedin dew. Lands which con-
tam iron in a {emicalcined flate, are thereby
enabled to decompofe fixed air, the iron, by
the help of water, gradually attraéting the pure
air, which enters into the compofition of fixed
air, as Mr. Gadolin has thewn+: a difcovery
which appears to me among the moft 1M pPOr-
tant of thefe later times; but thefe calces of
iron may again be reftored to their former ftate
by |

t 1t Chym. Ann, 1791, 3.
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by union with oleaginous fubftances, as Mr.

Beaum¢ has noticed: and this is one of the be-

nefits refulting from the application of dung be-

fore it has fully putrefied4. Hence we may

underftand how foils become effefte and ex-

haufted, this effeét arifing in great meafure

from the gradual lofs of the carbonic principle

depofited by vegetable and animal manures,

and from them paffing into the growing vege-

tables; and alfo from the lofs of the fixed air

contained 1n the argillaceous 'part of the foil,
which is decompofed by vegetables; and from

the calcination of the ferruginous particles con=
‘tamed in the foil. I fay in great meafure, be-
caufe other caufes contribute to the diminution
of fertility; which fhall prefently be men-
tioned. Hencealfo we fee why lands paftured
remain longer fertile than thofe whofe vege-

table crop is carried off, as much of the carbo-

naceous principle is reftored by the excrements

of the pafturing animals: why fome crops ex-

hauft more than others; becaufe corn, and

particularly wheat, contains more of the car-

bonic principle than graffes, and very little of

: its

+ The affinities of coal and iron to pure air, vary with the

temperature,
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its exuviae are left behind: why fallows are of
fome ufe; as the putrefaétion of ‘the roots of
weeds and the abforption of fixed air by clays,
are thereby promoted: why vegetables thrive
moft in the vicinity of towns ; becaufe the car-
bonic principleiscopioufly difperfed by the fmoke
of the various combuftibles confumed in inha~
bited places: why foot is fo powerful a manure:
whjr burning the clods of grafly land contri-
butes fo much to its fertility, and then only
when the fire is {mothered and coal produced;
befides many other agricultural phenomena,
too tedious to relate : but I muft not omit that
the phofphoric acid is found in coal; and this
enters into the compofition of many vegeta-
bles.

The quantity of coal in vegetables is vari-
ous, according to their various fpecies, age,
and degrees of perfection: wood and corn con-
tain moft, grafles leaft. Wiegleb found dry
beech-wood to contain one fifth of its weight
of coal4. Weftrumb found #rzfelium pratenfe,
a fort of clover, to contain about one feventh.
Hence, after water, it is the moft copious -
gredient in vegetables,
' G Of
4 Uber die alkalis, p. 76.
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Of Earths.

The next moft important ingredient to the
nourithment of plants is earth : and of the dif-
ferent earths the calcareous feems the moft ne-
ceffary, as it iscontainedin rain-water : and, ab-
folutely {peaking, many plantsmay grow with-
out imbibing any other. Mr. ‘Tillet foundcorn
would grow in pounded glafs 4 ; Mr. Succowin
poundedfluorfpar,orponderous{par,orgypfums;
but Tillet ownsitgrew very ill;and Haflenfraz,
who repeated this experiment, found it {fcarce-
ly grow at all when the glafs or fand were con-
tained in pots that had no hole in the bottom,
through whlch_{:ther nutritive matter might be
conveyed. S is cer tain, at leaft from common
experience, that neither grafles nor corn grow
well either in mere clay, fand, or chalk; and
that in vegetables that grow moft vigoroufly,
and in a proper foil, three or four of the fim-
ple earths are found: Mr. Bergman, cn the
other hand, affures us he extracted the fouc
earths, the filicious, argillaceous, calcareous,

and muriatic, in different proportions from the
different

+ Mem. par. 1772, 3°I1, Bvo, ¢ 1t Chym. An, 1784
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different forts of corn+4. Mr. Ruckert, who

has analyzed moft {pecies of corn and grafles,
found alfo the four above-mentioned earths in
various proportions in all of them. Of his ana-
Iyfis I fhall here give a {pecimen, compre=
hending however the calcareous and muriatic
in the fame column, as this laft {carcely de-

ferves particular notice:

One hundred parts of the lixiviated afhes of
contained of Silex, Calx, Argill,

Wheat (=4 48p18. 37 1§
Oats - - 68 26 6
Barley. - - 69 16 18
Bere - < - 63 25 10
Rye - et g 21 16
Potatoes - 4 66 30
Red Clover [Epares 3 iwann 30

Mr. Ruckert is perfuaded that earth and
water, in proper proportions, form the fole
nutriment of plants; but Mr. Giobert has
clearly thewn the contrary; for, having mixed
pure earth of alum, filex, calcareous earth,
and magnefia, in various proportions, and moi«
ftened them with water, he found that no
grain would grow in them; but when they
mere moiftened with water from a dunghill,

G2 corn

T 5 Bergman, g4, 98, Scheeffer Worles, fec, 172,
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corn grew in them profperoufly £. Hence the
neceffity of the carbonic principle is apparent.
"The abfolute quantity of earth in vegetables

is very {mall. Dr. Watfon informs us that
106 avoirdupois pound=1696 ozs. of oak,
being carefully burned, left but 19 ozs. of
athes ; and from thefe we muft dedu& 1,5 for
falt, then the earthy part amounts only to
17,5 that is, little more than one per cwit.
‘The commiffioners appointed to infpect the
{altpetre manufattory, found nearly the fame
refult; namely, 1,2 per cwt. in beech 0,453,
and in fir ‘only 6,003. Hence we need not
wonder at trees growing amm]g‘ltbt:ks where
{carce anyrearth 1s to be feen; but inthe ftalks
of Turkey-wheat, or maize, they found 7 per
cwt. of earth, in fun flower plant 3,7+ {o
that, upon the whole, weeds-and culmiferous
plants contain more earth than trees do. Mr.
Weftrumb found zr#folium pratenfe to contain
about 4,7 per cwt. of earth, of which 2 per
cwt. was mild calx, nearly 2 more filex, 0,7
argill, together with a {mall proportion of
phoipho-

t Encyclop. Fegetation, 274
4+ See 3 Tranf. Royal Irifh Academy.
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phofphorated iron, calx of iron, and manga-

nefe§.

Since plants derive fome proportion of earth
from the foil on which they grow, we cannot
be furprized that thefe {oils fhould at length be
exhaufted by crops that are carried off; fuch as
thofe of cornand hay, particularly the former:
even lands paﬁufcd muft at laft be exhaulted,
as the excrements of animals do not reftore
the exaét quantity that the ammals have con-
fumed; and hence the utility of mucks, as the
reftoration is performed by more animals
than have been employed in the confumption.
Hence alfo a fueceflion of different crops mjures
land lefs than a fucceffion of crops of the fame
kind, as different proportions of the different
earths are taken up by the different vegetables.
Finally, we may hence derive the utility of
marling land, as the deficient earths are there-
by replaced. This {ubjet admits of more pre-
cifion than has been hitherto imagined, and
may even be {ubjetted to calculation. The
abfolute quantity and relative proportions of
the various earths in an acre of land may be de-
termined, {o may that in the crops of different

vege-
§ 1ft Chy. An, 1787,
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vegetables; and by comparing both, the tinme
alio may be found in which the land muft be
exhaufted, unlefs renovated by wvarious ma-
nures: thus the neceffity of marling. The
kind of marl or other manures, and the quan-
tity 11eceffaf3r to an acre of land, may be very
nearly afcertained.

Earths cannot enter into plants but in a ftate
of folution, or at leaft only when fufpended in
water 1n a ftate of divifion as minute as if they
had been really diffolved. 'That filicious earth
may be fufpended in fuch a ftate of divifion
appears from various experiments, particularly
thofe of Mr. Bergman, who found it thus dif-
fufed in the . pureft waters of Upfal; and
it 1s equally certain that it enters copioufly
into vegetables, Both his experiments, and
efpecially thofe of Mr. Macie, eftablifth ' this
point beyond contradiftion. Argillaceous
earth may alfo be fo finely diffufed as to pafs
through the beft filters; o alfo may calx, as
‘appears from the quantity Margraaf found in
the pureft rain-water. This earth is even fo-
luble by means of an excefs of fixed air in
about 1500 times its weight of water. It may

allo
§ Phil. Tranf. 1791,
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alfo be and moft frequently i1s converted into
gypfum by the vitriolic acid which moft clays
contain, as Mr. Morveau has fhewn+, and
then it 1s foluble in 500 times its weight of
water.

Vegetables not only require food, but alfo
that this food be duly adminiftered to them:
a furfeit is as fatal to them as abfolute priva-
tion. Doctor Hales obferved that a young
pear-tree, whofe roots were fet in water, ab-
forbed a fmaller quantity of it every day, the
fap-veflels being faturated and clogged by it;
and Mr. Miller found that too much water
rotted the young fibres of the roots as faft as
they puthed out {. Saturated folutions of dung
appeared to Mr. Du Hamel equally hurtful§.
Now the prefervation and due adminiftration
of this liquid food is effefted by due proportions
of the fimple earths and their loofe or con
denfed ftate. Their fituation in other refpeéts
being the fame, thofe that abound in the argil-
laceous principle are the moft retentive of wa-
ter; thofe that abound in the coarfe filicious,
leaft; the calcareous being intermediate be-

tween

t 1t Encycloped. Chymia 123. 1 1ft Hales, 17.
5' Mem. Par, 1748,
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tween both; various {pecies of vegetables re-
quiring various quantities of water and other
food : hence it is that every fort of {oil bears
vegetables -peculiarly adapted to it, while
others do not grow at all, or but ill init. By
the experiments of M. Bergman; we find that

~ Argill takes up 2,5 times its weight of water
when faturated {o as to let none drop.

Magnefia -~ 1,05

Chalk - 0. 5

Silicious Sand - 0,25
Fixed Air.

r

That plants do not thrive, but moft fre-
quently perith, when furrounded by an at-
mofphere of fixed air, has long been obferved
by that great explorer of the moft hidden pro-
cefles of nature, Doctor Prieftly ; but that fixed
air imbibed by the roots is favourable to their
growth, feems well etablithed by the experi-
ments of Do&or Perceval of Manchefter,
and fully confirmed by thofe of Mr. Ruckert.
This laft-mentioned philofopher planted two
beans in pots of equal dimenfions filled

with garden-mould. The one was watered
almodit
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almoft daily with diftilled, the other with wa-

ter impregnated with fixed air, in the propor-
tion of half a cubic inch to an ounce of water:
both were expoied to all the influences of the
atmofphere, except rain. The bean treated
with aerated water appeared over ground nine
days fooner than that moiftened with diftilled
water, and produced 25 beans; whereas the
other pot produced only 15. The {fame expe-=
riment was made on ftock-julyflowers and
other plants with equal fuccefs4. The man-
ner in which fixed air acts m promoting vege-
tation, icems well explained by Mr. Senebier s
he firft difcovered that frefh leaves expofed to
the fun in {pring-water, or water {lichtly im-
pregnated with fixed air, always produce pure
air as long as this impregnation lafts; but
as foon as it 1s exhaufted, or if the leaves
be placed in water out of which this air has
been expelled by boiling, they no longer
afford pure air }: from whence he infers that
fixed air is decompofed, its carbonic prin-
ciple retained by the plant, and its };ure air

H expelled.

- % 2d Chy. An. 1788, 399.
4 Sur lnfluence de la Lumiere, & 41 Rofier, 206,



B
expelled. It appears to me alfo, by aéting as
a fumulant, to help the decompofition of wa-
ter. Mr Haflenfraz, indeed, denies its de-
compofition; but his arguments do not appear
to me conclufive, for reafons too tedious and
technical to mention here. The vitriolic acid

contained in various clays brought into multi-
plied contadt with calcareous earth by the agi-
tation of {oils in agricultural operations, and
the motion of the roots, gradually fets loofe
the fixed air contained in this laft-mentioned
earth; that portion alfo of this earth, which is
by water introduced into the plant, is-decom-
pofed, and its air fet loofe by the vegetable
acids of the plant,

Of Saline Subflances.

Saline fubftances (gypfum and phofphorated
calx excepted) feem to ferve vegetables (as
they do animals) rather as a condimentum, or
promoter of digeftion, than as a pabul/um. This
idea 1s fuggefted by the fmallnefs of their
quantity, and the offices they are known to

perform. Their quantity i1s always fmaller
than
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‘than that of earth; and this we have already
{een-to be exceeding {mall.

Thus, one thoufand pound of Ib.
Oak gives of faline matter only ) % -
Elm - g % o 3-9
Beech, ot eartaie it o e P A
Fir N S R e
Vine branches - - - 5,5
Fern ST o R S EE WO
Stalks of Turkey wheat SRR i B
Wormwood o SRR L
Fumitary, jis =~ p=ii-gn - a0 g
T'rifolium pratenfe £ e 00578
Vetches 4 = rEishE = e s
Beans with their ftalks + - 20,

In all the experiments hitherto made, the
proportion of faline matter to the earthy has
been found {malleft in woods. In other plants,
generally as 1 to 1,3, 1,5, or 2; however, Mr.
Ruckert has marked fome exceptions, which
I {hall mention as worthy of notice,

1 3 Ruck. 49.
Propor-

H 2
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Thefe proportions have fome analogy with
the quantity and-fort of manure proper to be
employed i the' cultivation of thefe plants
and the fucceffion of crops. But I fhall enter
no farther into this fubje&, as it would lead me
too far from the prefent objet of enquiry. !

The falts generally extraded from the afhes
of vegetables, are tartar vitriolate, Glauber’s
falt, common falt, falt' of Sylvius, gypfum,
phofphorated calx, and fixed alkalis. ‘

Alkalis feem to be the produét of the vege-
table procefs, for either none or fcarce any is
found in the foils, or in rain-water, while in the

vegetable they are moft probably neytralized,
partly
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partly by vegetable acids which are decom-
pofed in the procefs of combuftion, and partly
by the vitriolic and marine acids. Weltrumb
found tartar vitriolate and digeftive falts in the

juices of trifolium.

- Gypfum probably exifts in greater quantity
in plants: than it appears to amount to after
combuftion and lixiviation ; much of it muft be
decompofed during the combuftion, and ftill
more during lixiviation, by the alkalis exifting
in the folution. Thus the apparent quautlty
- of tartar vitriolate is increafed. -
- Phofphorated Calx 1s found in grﬂateﬁ quan-
tity in wheat, where it contributes to the for-
mation of the animal gluten. ‘Hence in rainy
- years the quantity of gluten in wheat has been
obferved to be fmaller4-. Hence the excel-
lence of bone-athes as a manure for wheat ;
and hence wheat fucceeds beft after clover, if
the clover be fed off, but not if it be mowed$§,
as much of the phofphoric acid is communica-

ted by the dung of animals.

The chief ufe of tartar vitriolate feems to
BRI bﬂ‘.

't 2d Witwer's Differtations, 103
§ 2d Young's Annals, 36, 37.

-
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be, that it promotes the decompofition of wa=

ter, as Mr. Senebier has obferved .
S EiiC Tl O bR I

Of the Conflitution of Fertile Soils, and the Me«
thod of eftimating their Fertility.

The moft fertile foil is that which contains
the greateft quantity of the food of thofe ve-
getables that -nourith men and ufeful animals,
and adminiftersit to them with due ceconomy.

The firft eflential requifite, therefore, to a
fruitful foil is, That it contain a {ufficient
quantity of the three or four fimple earths
above mentioned, and of the foluble carbona-
ceous principle. The other requifites are, that
the proportion of each, and general texture of
the foil, be fuch as to enable it to admit and re
tain as much water as is neceflary to vegeta-
tion, and no more.

Now we have already feen that the reten-
tive powers of moiftureare very different in the
fimple earths: therefore the proportions in
which the fertility of a foil requires them to be

mixed

1 Sur la Lumiere, p. 2130,
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mixed, muft be different in climates and
countries that differ confiderably in moifture ;
in the drzer, they muft be fuch as are moft re-
tentive ; i the mosfter, fuch as fuffer it to pafs
or evaporate more eafily.

The fame remark extends to fituation. Lands
on a plain fthould be fo conftituted as to be lefs
retentive of water than thofe fituated on a de-
clivity ; as 1s very evident.

So lands that have a retentive or impermea-
ble {ubfoil, fhould be differently conftituted
from thofe that have one lefs retentive or more
permeable. The time of the yvear in which
rain moft abundantly falls may alfo be worthy
of notice.

Thefe circumftances muft undoubtedly mo-
dify the conclufions that may be drawn from
the experiments I thall now relate.

Analyfis of a Fertile Soil in a very ramy Climate.

Mr.Giobert has communicated to the public,
the alalyfis of a fertile {oil in the vicinity of
Turin, where it rains yearly above 40 inches
on the {quare foot. He found 1lb. of it to
contain from 20 to 30 grains of extraétive mat-

ter
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each ingrodient, can be directly afcertained ;
yet, from the neceflity of its being in fome de-
oree Open, and the weights of good {oil found
by Mr. Fabroni§, 1 conclude its {pecific gravity
cannot exceed 1, 58 ; then a cubic foot of it
fhould weigh about 120 Ib. troy, or 100 avolr-
dopoisiis o |
In lefs fertile foils, Mr, Giobert found the
proportions of
Silex, from 48 to 8o
ﬁrgill_ 5 72— 2%
Calx)y G730 857kt
Hence the troy pound contained, of
Silex, from 2716 to 4528 |
Argill — 396 — 1245 .
Calite . — . 15330 2= 008
allowing 100 grains for moiﬁure;- as either the
calx or argill exceeds the proportions in more
fertile lands, %

The {pecific gravity of thefe {oils is not gj-'
ven; but it probably exceeds or falls fhort of
that of the more fertile foils. -

In

§ 8 Young’s Annals, 174,
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In Barren Soils,

The proportions of Silex, from 42 to 88
Argill — 20 — 30
Calx — 4 — 20

Hence the troy pound contained, allowing

for water 120 grains,

Silex, from 2368 to 4963

Argill — 1128 — 162

Calx — 225 — 620
The fpecific gravity of thefe foils is not given;
but it probably is either much above or much
below that of the former, as they are either
too clofe or too open. Mr. Fabroni found that
of barren fandy land 2,21,

Note alfo, that if the proportion of water
be different from that here fuppofed, the con-
tents of the troy pound will alfo be different;
but may be eafily rectified.

Analvfis of a Fertile Soil, where the Fall of Rain -
15 24 Inches.

Mr. Bergman found that a fertile {oil,

fituated on'a plain, where the yearly fall of
: rain
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rain amounts to 1§ Swedifh (that is 23,9 En-
glith) inches, contained four parts clay, three
of filicious fand, two of calcareous earth and
one of magnefia (in all ten parts;) but the laft
not being of abfolute neceffity, may be annex-
ed to the calcareous.

The compofition of the clay he does not ex-
prefsly mention, but we may fuppofe it fuch
as moft frequently occurs, containng 66 per
cwt. of fine filicious fand, and 34 of mere ar-
gill; confequently 0,40 of it contain nearly
0,14 of mere argill; and 0,26 of fine filicious
{fand.

The filicious fand, mentioned by Mr. Berg-
man, is what we call gravel (confifting of
{tone from the fize of a pea, or lefs, to that of
a nut;) and thus he himfelf explains it+.
This amounts to 30 per cwt.

Hence we may {tate the proportions thus:
Coirle Seleg =0 e 204D

Finer — - s~ 20
| —— 6 parts
Argill  — - 14
Calx — - - 30
100
I2 The

t+ 5 Bergman, 102, 103,



[ wof)

The ufe of the gravel is to keep the foil open
and loofe: a circamftance abfolutely neceffary,
as I have before obferved.

The {pecific gravity is not given, but fhould
not much exceed, I fuppofe, 1,600. Muf-
chenbroek found that of garden-mould 1,6 30.
The carbonic matter was not known to Mr.
Bergman. |

The proportion in a troy pound, fuppofing
the quantity of water and coal not to exceed
100-grains, ftands thus, omitting fractions:

- Gravel - - 1698
Fine fand - - 1471
~——3169
. Argill - - - 792
Calx o - 1698

e a

Here we fee the quantity of calx much grea-
ter than in the {oil of Tarin, where the fall of
rain is greater; for in the drier climates there
is a neceflity to retain the rain, and the argill
if increafed would retain it too long and too
much; and, befides, enters very {paringly
into the conftitution of plants.

The following experiments were made by
Mr.,
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Mr. Tillet at Paris, where the fall of rain
amounts to 20 inches at an average,

He filled with mixtures of different earths
a number of pots twelve inches in diameter at
the top, ten at the bottom, and feven or eight
deep. It appears alfo that they were {o porous
as to abforb moifture, and that they were per-
forated at the bottom. Thefe he buried up to
the furface in a garden, fowed in each fome
grains of wheat, and then abandoned them to
nature.

Fertile Mixtures.

1. The fir{t mixture he found fertile confifted
of three-eighths of the potters clay of Gentilly
=0,3735, three-eighths of the parings of lime-
{tone, and two-eighths of river fand=o0,25. In
this, the corn grew very well for three years;
that 1s, as long as the experiment lafted.

As potters clay 1s not pure argill, and as Mr.
‘Tillet does not mention the proportion the
mere argillaceous part bore to the filicious, I
muit fupply this defect, by fuppofing this clay
to contain near one half its weight of pure ar-

aill,
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gill, as it is clay of this fort that potters gene-
rally chufe; and that of Gentilly 1s efteemed
one of the beft. Both the clay and limeftone,
he tells us, were pulverized, that they might
more exaltly incorporate when mixed. Then
the centefimal proportions will ftand thus:
Coarfe Silex - 25

Finer - - 21
46
Argill - - 16,5
Calx - - 24 e
100

The quantities in the troy pound, fuppof=
ing the water, &c. to amount to 100 grains,

are,
Coarfe fand - 1415
Pmer ' - a 1138
2603
Argill - - 034
Calx - - 2122
5659

:d; This
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2d. ‘This contained two-eighths of potters
clay, three-eighths parings of limeftone, and
three-eighths coarfe fand. The centefimal pro-

portions are, \
Coarfe {and - 375
Finer - - 14
TR ]
POl A LT e ST H ey
CRlE a0 WL ADahah CINTIRS LS
100

——

In the troy pound, fuppofing the quantity of
water to amount to 100 grains, the quantities
of the three earths will be,

Coarfe Silex - 2122

Finer G e 792
2014

Argill - . 22

Calx - - 2122

Hence we fee that in the drier countries,
where the fall of rain is but 20 inches, the
{oil, to be fertile, muft be clofer, and the

quantity
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quantity of calcarecous earth much increafed,
and that of the filicious much diminifhed.
Thus, 1 the climate of Turin, where the fall
of rain exceeds 40 inches, the proportion of
filicious earth 1s from 77 to 8o per cwt. and
that of calcareous, from g to 14, to {uffer this
excefs of rain more eafily to evaporate. In the
climate of Upfal, where the fall of rain is 24
inches, the proportion of filex is only 56 per
cwt. but thart of calx 1s 30; and in the climate
of Paris, which is {till drier, the proportion of
filex is only from 46 to §1, and that of calx
3745 per cwt. and hence we may perceive the
peceflity of attending to the average quantity
of rain to judge of the proper conftitution of
fertile lands on fixed principles. The quan-
tity of rain differs much in different parts of
the fame kingdom; but ingeneral in Ireland,
I believe it to be between 24 and 28 inches on
an average.

In the two laft mixtures the proportions va-
ry confiderably: The firlt may ferve as a mo-
del for the heavier foils, and the fecond for the
lighter. In thefe and . the following experi-
ments, the carbonic prmmple {eems to have

been C’itl’d&fd from the furmuudmg garden-
mould
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mould with which the pots communicated, by
means of their perforation at bottom.

Barren Mixtures.
FIRST.

Mr. Tillet, in his fixth and eighth experi-
ments, mixed three-eighths of potters clay with
three-eighths of parings of limeftone and two-
eights of fine fand ; the only difference between
this mixture and that of the firlt experiment
was, that in the firft experiment coar/e Jand
was ufed, and in this fine, yet the former was
fruitful in the higheft degree; but in this the
grain profpered indeed the firft year, but fick-
ened in the fecond, and failed in the third:
the proportions have been already {tated.
Here we have a clear pfc}nf of the neceffity of
an open texture in foils, without which the beft

proportions are ufelefs.
SECUHD.I
In his thirteenth experiment he employed a

mixture of two-eighths potters clay, four-

K eighths
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eighths coarfe fand, and two-eighths marl. The
corn grew well the firft year, poorly the fecond,
and decayed the third. The compofition of
the marl is not mentioned; but fuppofing it to
contain 70 per cwt. of calx, and 30 of clay,
of which the one-half is argill, it would form
one of the richeft forts of marls. The cente-
fimal proportions of this mixture thould be,

Silex - 50 + 14 = 64
Argill - 11 + 8 = 19
Calx - - 17

100

Andin the troy pound, fuppofing the water, &c.
toamount to 100 grams, the quantities will be,

Silex - 3622
Argill - 1075§
Calx - 962

5659

The f{terility of this mixture feems to pro-
ceed from a defet of calcareous earth. If we
fuppofe the marl poorer in that earth, the de-

fect will be fhill greater. The retentive powers
of
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of the different earths with refpett to water,
being exprefled by the quantities which each
can retain without fuffering any to drop, as
above faid, and the quantities retained by the
mixed mafs of thefe earths being proportional
to the refpe@ive quantities of each, it thould
feem that in fertile foils, where the fall of rain
is from 2o to 30 inches, this power thould not
exceed %o, nor fallthort of 50 percent. It were
of great econfequence to fettle this poiat with
precifion; but to do this would require more
numerous experiments. To explain my mean-

ing I thall give one example.

Of the retentive Power of the Fertile Soils,
mentioned by Mr. Bergman.

This foil contains, as we have already feen,

oilex . - 56
Argill - 14
Cale v ~1diting
Now the retentive power of 100 parts
Silex = 25
Argill = 250
Calyie= . ra

K 2 Confe-
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Confequently the retentive power of
56 parts Silex = 13

14 - Argill = 35

30 = Calx ‘= 17

63

The conftitation of the Irifh fertile foils has
not been afcertained, nor has the average an-
nual quantity of rain been determined here.
Indeed the folution of the queftion propofed by
the Academy, does not finétly require it
thould, not having been limited to any parti-
cular country : but I thould fuppofe its beilt
{oil to approach to the nature of that of Upfal,
the fall of rain being probably between 24
and 28 inches. In 1792, which was reckoned
remarkably wet, it was 30 % inches in Dublin,

Before 1 quit the experiments of Mr. Tillet,
it will be proper to mention a few made by
]*.im,l which feem to invalidate the neceflity
of the prefence. of the three fimple earths in
fertile foils. ¢

1 = In his 26th experiment he tells us he
employed only pure fand, fuch as is ufed for
making glafs, yet corn grew well in it the firft
year, indifferently the fecond, and nearly failed
in the third. Mr. Haflenfraz having repeated
the
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the experiment in pots unperforated, did not
find it to fucceed even the firft year, thercfore
the fuccefs of Mr. Tillet was owing to the per-
foration at the bottom of his pot, through which
water impregnated with the different earths,
and coal muft have paffed. In fat, Mr. Til-
let’s conclufion is contradiéted by univerfal exs
perience.

2™ In his 28th experiment, in which pow-
dered limeftone only was employed, the corn
fown profpered exceedingly during the three
years. To the caufe mentioned, in treating
of the 26th, I muft add, that the limeftone
he ufed was that of St. Leu, which contains
clay, and confequently filex and argiil; it 1s
{o porous as to admit from 3-19gths to 1-35th of
its weight of water, as Mr. Brifion hasthewn;
and thus is eafily decompofed. The coarfe
powder to which it was reduced anfwered the
fame purpofe as coarfe filex; and the finer
might nourifh the plants,

3o In his 3oth experiment he employed mere
potters clay; the grain grew tolerably well the
firlt year, but perifthed the fecond; on the
third it flourithed moft. It is hard to draw
any {pecific conclufion from this experiment,

for
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for it is plain that if the texture were not much
loofer than that of clay, the corn could not grow
at all, as was the cafe in his 6th and 8th expe-
riments, already mentioned, and as Mr. Haf-
{enfraz, who repeated this experiment, ob-
{ferved. Rain-water might however fupply a
{mall quantity of calx fufficient for a {mall pro-
duce of corn.

I pafs over his experiments on old mortar,
as the three earths were evidently contained
in 1t, though in unknown proportions.

Soils on the 'declivity of hills, ought to be
more retentive of water than thofe on plains,
as 1s evident.

CH AP
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TO DETERMINE THE COMPOSITION OF A SOIL.

1™ TN dry weather, when the foil is not
over moift nor dry, let a furface of 16

{quare inches be cut through to the depth of
8 inches; this may be effected by a right an-
gled {pade, formed for this particular purpofe.
Of the parallelopiped thus dug up, the two
mches next the furface thould be cut off to get
rid of the grafs, and the greater part of the
roots; we fhall then havea {olid 6 inches long,
and 16 fquare ar the end = g6 cubic in-
ches. Let this be weighed4; its weight will
ferve to find the ipecific gravity of the
foil ; for if g6 cubic inches weigh # pounds,
1728 (a cubic foot) fhould weigh x pounds,
and

+ Troy weights are generally more exatly made than
avoirdupois, and therefore fhould be preferred. A cubic
foot of pure water, weighs 75,945 troy, very nearly, or

02,5 avoirdupois pounds, at the temperature 62%
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and x divided by 75,954 will exprefs by
the quotient the {pecific gravity of the foil,
To render this and the {ubfequent opera-
tions more intelligible, I fhould illuftrate each
by an example; Suppofe the g6 cubic inches
to weigh 6,66 pounds, then 1728 cubic inches
120
=1,579.

{hould weigh 120 1b. and
75:954

2°. The earth being weighed, is next to be
broken down and freed fromallftony fubftances
above the fize of a pippin, and the remainder
well mixed together, to render the whole as
homogeneous as pofible ; then weigh the ftones
that were picked out, and find the proportion
belonging to each pound of the refiduary earth;
call this the flony fupplement, and denote it by
S, Thus if the {tones weigh 1 Ib.=12 oz. the
remainder, or mere earth, muft weigh 5,66 1b;
and if to 5,66 1b. there belong 12 ozs. of {tone,
to 1 1b. muft belong 2,12014 0zs. or 2 ozs.
57,66 grains=1017,66 grs. This then 1s the
{ftony fupplement of cach fucceeding pound

A
3% Of the earth thus freed from {tony mat-
ter,
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ter, take 1 Ib.—S. (that is the above caie
1 1b.—2 0z. 57 two-thirds grs.) heat it nearly
to rednefs in a flat veflel, often ftirring it for
half an hour, and weigh it again when cold.
Its lofs of weight will indicate the quantity of
water contained in 1 b of the foil. Note this
lofs, and call it the watery fupplement=H".
Suppofe it in this cafe 100 grains.

4°- T'ake another pound of the above mafs
freed from {tones, dedufting the ftony and
watery fupplements; that is 1 1b.—5—W, or
in the above cale 11b.—2 0zs. 573 grs. for {tone,
and—ioo gras for water; confequently 1 lb.
—2 025. 1§7% grs. reduce it to powder: boil it
in four times its weight of diftilled water for
half an hour; when cool, pour it off, firft into
a coarfe linen filtre to catch the fibrous particles
of roots, and then through paper, to catch the
finer clayey particles diffufed through ic: fet by
the clear water, add what remains on the filtre
to the boiled mafs: if it be wnfipid, as1 {uppofe
it to be, then weigh the fibrous matter, and
call it the fbrous fupplement=F. Suppofe it in

the example in hand to weigh 10 grs.
5° Take two other pounds of the mafs freed
from ftony matter, No. 1I. fubftraéting from
L them
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them the weight of the ftony, watery, and
fibrous fubftances already found; that is, 2lb.
—285—2W—2F; pour twice their weight of
warm diftilled water on them, and let them
{tand twenty-four hours or longer; that is, un-
til the water has acquired a colour, then pour
it oftf and add more water as long as it changes
colour; afterwards filtre the coloured water
and evaporate it to a pint, or half a pint ; fet it
m a cool place for three days, then take out
the faline matter, if any be found, and fet it
by.

6™ Examine the liquor out of which the falts
have been taken; ifit does not efferveice with
the marine acid, evaporate it to drynefs, and
weigh the refiduum;; if it does effervefce with
acids, faturate it with the vitriolic or marine.
and evaporate it to one fourth of the whole;
when cool, take out the faline refiduum, eva-
porate the remainder to drynefs, and weigh
it: this gives the coaly matter, which may be
tried by projefting it on melted nitre, with
which 1t will deflagrate. The half of this
coaly matter call the coaly fupplement of 1 1b,
I thall fuppofe it to amount o 12 grs. and de-

note 1t by C.
2°. The



PR o

7° The filtred water, No. IV. is next to
be gently evaporated to nearly one pint, and
then fuffered to reft for three daysin a cool
place, that it may depofit its faline contents, if
it containsany; and thefe being taken out, the
remainder muft be evaporated nearly to dry-
nefs, and its {aline and other contents examin-
ed. How this fhould be done, I fhall not men-
tion, the methods being too various, tedious,
and of too little confequence; few falts occur
except gyplum, which is eafily diftinguithed,
The water may be examined as to its faline
contents when it is evaporated to a pint; if
any falts be found, call them the /a/ine fupple-
ment, and denote them by S T fhall {uppofe
them here=4 grains,

8% We now return to the hoiled earthy refi-
duum, No. IV. which we fhall {uppofe fullg
freed from its faline matter, as, if it be not,
it may eafily be rendered o, by adding more
hot water: let it then be dried as in No. III.
15 mentioned.  Of this carthy matter thys
dried, weigh off one ounce, deduting
one-twelfth part of each of the fupple-
ments §. 7. F. C. and §; that is, in this'

L 2 cale
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1017,66 100 10
cale = 84,405 +——= 8,333 + —
12 12 12
12 4
:8:333 =1 +. —= 0,3333 =05 8IS
REEE 12

in all—then 480—g35=385 grains will remain,
and reprefent the mere earthy matter in an
ounce of the foil.

9> Let this remainder be gradually throwa
into a Florence flafk, holding one and an half
as much fpirit of nitreas the earth weighs, and
alfo diluted with its own weight of water (the
acids employed fhould be freed from all conta-
mination of the vitriolic acid;) the next day
the flafk with its contents being again weighed,
the difference between the weights of the in-
gredients and the weights now found, will ex-
@rcfs the quantity of air that efcaped during
the f{olution. Thus in the above cafe, the
earth weighing 38 5 grains, the acid 577,5 &rs.
and the water 577,5grs.inall 1540 grains, the
weight after {olution {hould alf{o be 1540, 1f no-
thingefcaped; but if the {oil contains calcareous
matter, a lofs will always be found after folu-

tion. Let us fuppc:-if: it to amount to 60 grains.

The weight of air that efcaped, furmfhes us
with
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‘with one method of eftimating the quantity
of calcareous matter contained in the earth
effayed ; for mild calx generally contains 40
per cent. of air; then if 40 parts air indicate
100 of calcareous matter; 6o parts air will in-

dicate 150+ '
" 10% The folution is then to be carefully
poured off, and the undiffolved mafs walhed
and thakenin diftilled water; the whole thrown
on a filtre, and fweetened as long as the water
that pafles through has any tafte. The con-
tents of this water fhould be precipitated by
a folution of mild mineral alkali: this preci-
pitate alfo being wathed and dried in a heat
below rednefs, thould then be weighed. Thus
we have another method of finding the weight

of the calcareous matter.

11> The undiffolved mafs 1s next to be driEd
in the heat already mentioned, and the differ-
ence between its weight and the weight of the
whole earthy mafs before folution fhould be
noted, as it furnithes a third method of difco-
vering the weight of the calcareous matter of
which it i1s now deprived. Suppofing this to
amount

4+ 1 take no account of magnefia, as in agriculture I be.

lieve it of little importance,
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amount to 150 grains, the weight of the undif-
{folved refiduum fhould in the above cafe be
383—150=235 grains.

12°> Reduce the dried mafs into the fineft
powder, throw it into a Florence flatk or glafs
retort, and pour on it three times its weight
of pure oil of vitriol, digeft in a ftrong fand
heat, and at laft raife the heat {o as to make
the acid boil; afterwards let it evaporate neatly
to drynefs: when cold, pour on it gradually
{ix or eight times its weight of diftilled water,
and, after fome hours, pour off the folution on
afiltre; the filtre thould previoufly be weighed,
and its edges foaked in melted tallow+-; the
{ubftance found on the filtre being weighed
({ubftracting the weight of the filtre) gives the
quantity of filicious matter; and this weight
{ubftraéted from that of the dried mafs, gives
that of the argill. In this cafe I will {fuppofe
the filicious mafs to weigh 140 grans, then
the argillaceous thould weigh g5 grans,

Then

+ An ingenious contrivance of Dr. Black.



L 49
Then the compofition of one pound of the
{oil 13 as follers:

Stony matter 1017,66
Water - 100
Fibres of roots IO
Soluble coal - 12
Saline matter - 4
Silex 140 12=1680
Argill 95X I2=1140

Mild calx 150™ 12 =1800

5763,66 4

[Stony matter 18

Fine filicious 2
And in centefi- | ——q %
it .
mal proportion | Argill 22
Mild calx 31
L 100

{ts retentive power is 82,2 5: hence I fhould
judge it to be unfertile in this climate, unlefs
fituated on a declivity, with an unimpeded fall.
It may be called a clayey loam,

Mr.

T An error of 3,66 grains for decimals omitted in (ub.
firattions.
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Mr. Young difcovered a remarkable circum-
{tance attendant on fertile {oils: he found that
equal weights of difterent foils, being dried
and reduced to powder, afforded quantities of
air by diftillation fomewhat correfponding to
the ratios of their values. This air was a mix-
ture of fixed and inflamable airs, both proceed-
ing, moit probably, from the decompofition
of water by the coaly matter in the foil. The
diftillation fhould be made from a retort glaz-
ed on the outfide. He found an ounce of dry
foil, value five fhillings, produced ten ounce
meafures;

Of value of from 5 to 12s. produced 28 oz.

12 —20 42

above 20 66
"This appears to be a good method of eftima-
ting the proportion of coaly matter in {oils that
are in full heart; that is, not exhaufted, and
freed from roots, &c. Another mark of the
goodnefs of a foil is the length of the roots of
wheat growing in it; for thefe are an inverfe
proportion to each other, as, if the land be
peor, the wheat will extend its roots to a great
diftance in queft of food; whereas, if 1t be rich,
they will not extend above five or fix inches;
but
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but of thefe and fome other empyrical marks,
I thall fay no more, as they do not tell us the

defects of the {oils,

e e e =,

CH AR IV,

OF THE MANURES MOST ADVANTAGEOUSLY AP=
PLICABLE TO THE DIFFERENT SOILS, AND
OF THE CAUSES OF THEIR BENEFI-
CIAL EFFECT IN EACH INSTANCE.

AHE f{olution of the firft part of this pro-
blem can only be derived from general
practice of the moft fkilful farmers, corrected
however and improved by the more precife de-
terminations and reftrictions of theory. That
of the {fecond, I fhall endeavour to deduce fole-
ly from the theory eftablithed in the two laft
chapters. The whole 1s grounded on this fim-
ple propofition,—That manures are applied to
Jupply eitber the defective ingredients of a foil,
or tmprove its texture, or correlt its vices.
I now praceed to confider each {oil in pars
ticular, |

Of Clayey Soils, "'

The beft manure for clayey foils is marl: in
M this
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this all the books of agriculture are unani-
mous+; and of the different forts of marl, that

which is moft calcareous is beft; the filicious
next beft; limeftone-gravel beft of all; and
argillaceous marl leaft advantageoust.
Clayey foils are defective both in conftitu-
tion and in texture; they want the calcareous
mgredientand coarfefand. Calcareous marlfup=
plies the calcareous ingredient chiefly: lime-
ftone-gravel both. The other marls fupply
them in a leffer degree. Ifthe clay- be ana-
lyzed, and its proportion of fand and argill
known, the {pecies of marlmoft advantageouily
ﬂppiicable may be determined f{till better. For
mitance, 1f the argill notably exceeds or even
amounts to the proportion of 40 or §o per cwt.
calcareous marlor limeftdne-gravel are the beft
improving manures,as they contain moft of the
calcareous ingredient ; butifthe filicious ingre-
dient amounts to 75 or 8o per cwt. as it fome-
times does, argillaceous marl is moft {uitable,
A mixture of marl and dung is ftill more
advantageous §, becaufe the dung fupplies the
carbonaceous ingredient, But the marl muft
be

"4 ath Young's Eaftern Tour, 404, 1t Body of Agris
eulture, 104, 108. 1 Ibid, 108.
§ 4th Young’s Eaftern Tour, 404,
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be ufed in the fame quantity as if dung had not
been applied, otherwife the operation muft be
more frequently repeated. How the quantity
of marl or other manure can be eftimated, I
fhall prefently fhew:.

If marl cannot be had, a mixture of coarfe
fand and lime perfeétly effete or extinguithed,
~or chalk, will anfwer the fame purpofe, as it
will {fupply the defeétive iugre&ient, and open
the texture of the clay; fo alfo fand alone, or
chalk, or powdered limeftone, may anfwer,
though lefs advantageoufly., Lime alone ap-
pears to me lefs proper, as it is apt to cake,
and does not {ufficiently open the foil.

Where thefe manures cannot be had, coal
athes,chips of wood,burned clay,brick-duft,gra-
vel, or even pebbles, are ufeful+; forall thefe
mprove the texture, and the former fupply al-
fo the carbonaceous ingredient,

Before I advance farther, to prevent {uper-
fluous repetition, 1 fhall lay down a fecond ge-
neral maxim; whichis, That duzng is a proper
ingredient in the appropriated manures of all forts
of foils, as it fupplies the carbonaceous prin-
ciple.

M2 Of

F 5 Bergman, 107; and Young's Irifh Tour, 249, 129, 136,
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kT Of Clayey Loam.

This foil is defeGtive either in the calcareous
ingredient, or in the fandy, or in both: if in
the firft, the proper manure is chalk+; if
the fecond, fand; if in both, filicious marl or
limeftone gravel, or effete lime and fand.

The quantity of chalk that thould be em-
ployed, confidered abftraétedly, fhould be di-
rectly proportional to the defeét of calcareous
- matter; but as fuch a quantity cannot be ad-
ded without diminifhing the proportion of one
of the other ingredients,-a much imaller quan-~
tity muft be employed, or elfe a fubftance -
which may convey fome proportion of the other:
ingredient. ‘The fame obfervation holds alfo
with refpect to fand.  Thus we have feen, 1n
the laft chapter, a clayey leam, in which the
fandy ingredient was defective, and the argil-
laceous fuperabundant, but the calcareous €x-
aét. Its compofition ftood thus:

Sand and Gravel - 47
Araillodics s iefs 1ga
Mild calx R oL

Here

§ 1ft Young’s Eaft. Tour, 395.
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Here the fandy part wants 10 per cwt. the
argill is fuperabundant ; but we cannot increale

the proportion of fand without diminifhing that
of calx. Hence we muft either ufe a {mal-
ler proportion of the fandy ingredient than its
defect requires, or apply a fubftance that would
{upply fome proportion of the calcarcous in-
gredient alfo: fuch are limeftone-gravel, {ili-
cious marl, effete lime, mixed with fand or
pounded limeftone. Suppofe the proportion
of the fubftance to be employed were fix per
cwt, 3 that is, fix pound for every hundred
pounds of the foil, then the quantity requifite
- for an acre may be calculated thus: A {quare
foot of this foil, cut down to the depth of four-
teen inches, and paring oft the two uppermoft,
as confifting chiefly of roots, &c. weighs, as
we have feen, 1201b.; and if 100 1b. requires
fix of the manure, 120 1b. will require 7,2 ;
therefore every fquare foot of the foil will re-
quire 7,2 of the manure: now an Englifh acre
contains 43560 {quare feet; and confequently
43560 multiphed nto 7,2 of the manure =
3136321b. or208 cart loads, reckoning 1 500 Ib,
to the cart-load.

Chalky
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Chalky Soil.

This fo1l wants both the argillaceous and the
ftony, fandy, or gravelly ingredients; there=
fore the beft manure for it is clayey loam, or
fandy loam+; but when the chalk is {o hard,
as 1t frequently is in England, and fo difficultly
reducible to impalpable powder as to keep of
itfelf the {oil fufficiently open, then clay is the
beft manure§, as infuch cafes the coarfe fand
or gravelly ingredients of loams are of no ufe.
Some think, it is true, that pebbles in a field
ferve to preferve or communicate heat. This
ufe, however, is not fufficiently afcertained.

" Chalty Loam.

"T'he beft manure for this foil is clay, or ar-
gillaceous marl §, if clay eannot be had ; be-
caufe this foil is defective principally in the ar=
gillaceous ingredient. In Ireland, chalky {oils
or loams feldlom occur, but light limeftone
foils frequently, and thefe do not differ effen-

, tually
+ 5 Bergman, 107, § Young's Eaftern Tour,
T 4th Young’s Eaflern Tour, 404.
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tially from chalky loams poor in argill: clay,
therefore, and often the foil of bogs, thould

ferve as a manure for them.
Sandy Soils.

The beft manure for thefe 1s calcareous
marl+, which exaétly correfponds with our
theory; for thefe foils want both argillaceous
and the calcarcous ingredients; and this marl
fuppliesboth : the next beft isargillaceous marl;
and next to thefe, clay mixed with lime, or
calcareous or clayey loams. In Norfolk, they
{eem to value clay more than marl, probably
becaufe their fandy foils already contain calca-
reous parts; poflibly alfo they mifname marl,
calling mere chalk by that name. Lime or
chalk are lefs proper, as they do not give fuffi-
cient cnherence:‘ to the foil; however, when
mixed with earth or dung, they an{wer well§,
becaufe they form a fort of marl or compound,
comprehending the defective ingredients.

Sandy Loams.

‘Thefe are-defective chiefly in the calcareous
ingre-

4 4th Young's Eaftern Tour, 4015 412,

#

§ Young's Eaftern Tour, 397.
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mngredient, and in {fome degree alfo in the ar-
gillaceous; their texture too, is imperfeét, as
they abound both in fine and coarfe {fand ; chalk
or lime would {upply the firft defect, but would
leave the texture unamended, Hence they are
ufed when better cannot be had #; yet calca-
reous or argillaceous marls are moft proper§.
Clay, after land has been chalked, an{wers, as
we are told, remarkably well, becaufe it re-
medies the texture §.

Gravelly Loams.

Thefe foils are benefited by the application
of marl, whether argillaceous or calcareous+,
for reafons which I {uppofe are now apparent:
if the gravel be calcareous, clay may be em=
ployed||. A mixture of effetc lime and clay
thould anfwer in all cafes.

Till and Vitriolic Soils.

Thefe neceffarily require the calcareous in- .
gredient

® 4th Young's Eaftern Tour, 398. § Ibid. ez,
1 4th Young’s Annals, 413 _
+ 4th Young’s Eafiern Tour, 404, 406,
[| 1 Eaft. Tour,
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gredient to neutralize their peccant acid:
hence chalk, limeftone-gravel, lime and cal-
careous marl, are moft advantageoufly applied
to them. Home, 35.

Bogs or Boggy Souls.

When thefe are well dried by {fufficient
drains, the nature of their foil fhould be explor-

" ed by analyfis, and an appropriate manure ap-
plied. In general, they fhould firft be burned,
if capable of that operation, then gravelled. If
their upper parts contain a fufficiency of thé
carbonaceous principle, as often happens, they
need not be burned. Limeftone-gravel will
anfwer beft, or lime mixed with coarfe fand or

gravel, becaufe in general they are of a clayey
nature; if more fandy, lime may an{wer well,
or calcareous marl. The preference in-thefe

cafes muft be decided by analyfis*.
Heathy Soils.

Thefe thould firft be burned, to deftroy the
beath and increafe the carbonaceous principle ;
thef

® Young's Irith Tour, 333, 223.
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they fhould- then be analyzed, and the defec-
five principles {upplied. Lime is faid to de-
ﬂroy heath, and fo is limeftone-gravel 4: this
- 18 fitteft when the foil is clayey; lime when it
isgravelly f.  Gypfum alfo an{wers remarka~
bly well when the foils are dry-.

Of Joine particular Manures.
© We have now ftated moft of the known
{oils, and mentioned the manures which tend
moft to their improvement: there are, how-
ever, '{fome others whofe mode of ation is not
generally underftood, and whofe nature it.will
therefore be proper to explain.

Of Paring and Burning.

Th"féifri&ﬂ‘é of improvement is not particular
to any {pecies of foil, though peor foils that
have few vegetables growing in them, will
certainly profit leaft by it. '

Its advantages are, |
* Firft, That it converts vegetables and their
toots into coal.  Hence it is that agricultural
' writers

4 4th Young's Eaftern Tour, 396. § Irifh Tour, 213
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writers tell us, though without knowing the
reafon, that all violence of fire is to be évnidcd?
and that a flow fmothering fire is beft+ R
_ Secondly, That it deftroys the old fickly
roots, and thus leaves room for others younger
and more vigorous; . _ |

Many have imagined that it dlmlﬂlﬂ‘lﬂs and
confumes the foil 3 but repeated expeneuce\has
thewn the contrary. I nced only mention that
of Colonel §t. Leger, in Yorkfhire, related by
Mr. Young in the 1t volume of his Eaftern
Tour, p. 182. It is well known that clays
- and loams are rather hardened than confumed
by heat. However, unlefs freth feeds be com-
mitted, the {oil will be unproduétive for a num-
ber of years; the coaly principle may alfo be
exhaulted by too many crops.

Of Gypfum.

This manure was difcovered by Mr. Mayer,
a German clergyman of uncommon merit, in
the year 1768 : it has fince been applied with
fignal fuccefs in Germany, Switzerland, F rance,
and America. If in England it has not been 1o

much
T 1ft Body of Agriculture, 210, 211,

%
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much approved of, it muft be becaufe the cal-
careous principle prevails there almoft univer-
fally: clayey lands are moft improved by it.
The time for fpreading it is Februaryor March,
and then it is to be thinly ftrewed on the land
at the rate of about eight bufhels to the acre:
more would be hurtful. The rationale of its
cffe(ts may be deduced from its extraor-
dinary {ceptic power, for it is found to acce-
lerate putrefa&ion in a higher degree than
any other fubftance}; and hence it is not
ploughed in like other manures, but barely
firewed on the furface of the land; and in the
month of February, to convert the old grafs
quickly into coal, to nourifh the young growth.'

2dly. From its being itfelf no inconfiderable
part of the food of many plants, particularly
of clover, pulfe, and corn, but the land on
which it is ftrewed mufl be dry, fuchas would
naturally fuit clover, &c. otherwife it would
be ufelefs.

Thus far T have endeavoured toilluftrate the
important {ubjeé&t propofed by the Academy,
collecting and reflecting upon it the {cattered
rays refulting from the lateft chemical re-

The intimate connexion between
many

{earches.

1 Hiftoire de la Putrefadtion, 36
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- many of thefe, feemingly the moft abftra&
and remote, with the hidden procefles of
nature, may now be- clearly perceived.
Thefe grand and complicated operations, like
a well fortified town, cannot be maftered by
ftorm or a coup de main; the approaches muft
be made at a diftance, and almoft unfeen.
Hence we may infer how little can be expeci-
ed from agricultural {ocieties that do not unite
chemiftry and meteorology with their principal
objett.

With refpet to the queftion at prefent be-
fore us, the great defiderata feem to be, How
to render charcoal foluble in water for the pur-
pofes of vegetation: and to difcover that compofi-
tion of the different earths beft [uited to detain or
exhale the due proportion of the average quan-
tity of moiflure that falls in ecach particular
country. On this relation, or adaptation, we
have feen that the fertility of each eflentially
depends: we muft alfo have perceived, that to
a regular and fyftematic improvement of {oils,
a knowledge of their defeés, and of the guan-
tum of their defells, is abfolutely necefiary.
This information can be conveyed only by a
chemical analyfis. Country farmers (at leait

as
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as long as the prefent abfurb mode of educa-
tion prevails) cannot be expefted to poflefs
fufficient {kill to execute the neceflary procef-
fes: but country apothecaries certainly may.
The profit arifing from fuch experiments (thould
the public encourage them) would fufficiently
~excite them to acquire a branch of knowledge
fo nearly allied with their profeffion. In the
mean time, foils might be fent to fome tkilful
perfons in the capital by country gentlemen;
who would thus be enabled to afcertain and
appreciate the advantages attending fuch re-
fcarches, and enlighten and encourage their
more ignorant and diffident 11eighbﬂurs. Many
of them might perhaps themfelves feel a tafte
for occupations of this nature: occupations
which not only fully fuffice to fill up the many
vacaut hours and days which the folitude of a
country life muit frequently leave them, but
are moreover {weetened by the pleafing recol-
lection that of all othersthey tend moft dire@ly
to the general happinefs of mankind.
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