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PREFACE.

'The Agriculture of § country is affected, in its general
characte and details of practice, by climate, the fertidity
of the soil, and the food and habits of,the people. * GI° £
mate chiefly determines the plahts to be cultivated and
the order of the labours of the season, and modpﬁes "all
the practices of the husbandman.. Even within ng great
extremes of temperature, ‘the practice of the fazmer must
be varied to ruit the differences of climate. - Thus, the
agricnlture of the south of Fuance is rqf the same ‘88
that which is established ir Normandy anﬂ other, de-
partments of the North ; and in Italy, where, along with
the productions of rorthern climates, a cultivaed the
rice, the maize, the Indlan millet, and ,other plants of
warmer regions. the agnculture afffers in'meny pazts of
cractice ffomeuhat of the corn-exporting cou.ftaes of the”
nerth of Europe.

o treat-of agriculture, therefore, as a practical art,.
WHithout referelrce to some given ccnditions of limate and:
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country, would embrace a - wide range of ,observat ns,
and thy cpnsxderatlori of 3 great mass of details. 1 I.:b
would i( "'Wthe examination of mar; opposite prac-,
tices, i i&ﬁrﬂmselvns perhaps ‘good and adapted to the
clrculkrfaneas wh‘lch gaye rise to thcm, but, as'a whole,

smtpa to any one condition in which ghe farmer could
be Placed, and thence incapable of being reduced to prac-
tice. That instructions in agriculture thereforc, My
ava’l for usefnl purposes, they must have reference 1o
a ‘system appltca‘)lc to some given .ondition of cliwr e
and ~ountty. In this way the study will be rendered
-more easy to thosec who enter upon it for the first time :
atid not only will the student make,the most ready pro-
‘rnsg; but  he will aéquirc the inost useful species of
knqv_v_leﬂge. For, however different be the natural pro-
ducﬁoqg of countries, and however neccssary it be that
-the farmfer adapt. his opentions to these differences, vet
there are <ules and maxims in the art_common to the
husbandry of all countrics ; anit he who (s thoroughly
ad;uamted with one good system of practice applicable
to any ox';e‘e' situation of the farmer, has the means, by
an.eagy #nalogy, of applying his knowlédge to other and
dissimilar casesf; A person thoroughly trained to practice
¢h the banks of 'the Tweeg, wou]a make a good farmer
on ' the banks‘of the Fo or the Ohio. Jlc has received
thé'kmd{d‘bmstructlbn whldl is useful under all circurp
stances, and.@wkls' learnté to udjpt tls details of prac;
“tice to the new circumstances under % 1ch they are t4 be
-applied.
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‘n’descn'ung a system of agncl,llture, too,’ it is im-
» portant that, while it is one whlch admits of, b?mg,lar-
ried into" éasy effect, it shall be as perfm-?vas, under
-this neeess:lry conglition, it can cbe tenderm w A rude
system of practice will not serve the purpose of useful
example. Altlwugh the. agncultunst may not be able
to reachl in all things the model proposed “to him, 1t is
yet lmportant that this model be good in itself, so that
his own practice may become as perfect as the. cireum-
sthutes,in which hé is placed will allow. -

Agriculture, Ike every art, is founded upon Princip!gs,
and a natural method of studying it would seem to be,
8 begin with principles, and from these to dedues the
rules of practice. The nature of the subject, howevesry
or rather the state of our knowlcdge, admits of this
course being “followed only to a limited extent : for
the art founded on experience is oftei Better understood
than the principles ; and while the science'is in some
degree inconfplete, the art has in many thirgs been ren-
dered very perfect by experieSce alone. Hence it is well
to lay the foundation of the study of agriculture on a
knowledge of practice. I this case the “agriculturist,
should he desire to‘extend the range of his obsorvations,
(0 the relations of the scicnees withi ‘the practical art,
w1l"' do so witla more useful result, and 1¢ss°hazard of
“error.

, In the following ¥ drk, which is desizued.in 4n espe-'
cxal mannur for those who are to engage in tife study- of
agnculture for the 'irst time, I pronose to observe the plan
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of instruction to whigh "I bve referred. One con'duion
of \hma(e jmd coungry is assumed, and Qbere is explain-*
ed, in so the limits of an elementary work will allow,

a systefrpof.ugnculture, which is cqucelved to be .good,

which is founded op experience, and which is capable of
bejhg réduced to practice. It does not/therefore consist
with thé design of this vrvork, to detail a n’ilmber of prac-
tices or examine a number of opinions,; many of which
may -be.good, apd, yet not in accordance with the system
to be explamed Furtlier, the attention.of the reader
is mainly dirceted to the essential parts of practice ; and
‘while the connexion of agriculture with other branches
of ‘l‘élowledge is carefully pointed out, this is in most cascs
sloie rather to shuw the relation between them than to
pursue the subject in detall

. The application of Science to Agriculture affords the
'matcri?l's of intciesting and useful study. Chemistry
ascertains the nature and constitution of soils, the mode
of ‘action of manures, and the substances ritted for the
nutrition of plants; Bota 1y and Vegetable Physiology
treat of thc structure, thc -properties, and the uscs of
plantc Animal Physiology.and Medical Scicnce relate
to the form of anmals, their properties and diseases ;,and
Mcchamcs are‘apphcd to the ¢pnstruction of machines
and rura.'l works. .But thege are branch2s of qgncmture
‘which may ne;separatmy studied. They are not csserni-
tial, as‘experience shows, to the knowlldge of agrieultyre
‘as an economical art, and need be but gantially treat-
ed of in an elemen_t:ar.suwork. Notwithstanding, how:

[N
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evel of this limitation'in thé desigp of the present trea-
tise, ltJmH appear that it is sufficiently extendod.ﬁ)r thése
who*enter for the first time on the study of. :\gﬁculture :
and that evén'a rudignental knowkedge of ‘& m’hnysub-
jects as it embraces cannot be acquiged w1§hout the la-
bour of patient study.

"The fayour with which the former Editions of this
Work hate béen received in-“his and, other Counffics,
encoyrages mo to adher’ mctly to the plan before
adoptcd™ But I embracc the opportunity aﬁ'orded by
another Edition, toemake some amendments in minor
points, scveral additions tb the list of Farm Imp]cments s
and Machines, and certgin corrcctions in the accounts™
gaven of the breeds or varieties of the Domestic Animals.
A more extended investigation of the effects of climate,
food, and culture, in medifying the form and chdracter
of these animals, has qualified me to give Eréater gorrgct-
ness to the descriptians of our breeds ; and I trust, in an-
other Work to be devoted to the Economy of the Do-,
mestic Animals, to be enabled to .reat of the entire sub-
ject in farther detail, than consists with the design of the
present treatise.

It*hag been obJected to some of the calculations con-
tained in t]ns '\Vork that-the rate pf labour assumed
will notepply. to a great* part of ’Eng)land‘ This objec-
tion™is goofl in the casé«f yariops disttjcts of very stiff
aluminous or alumino-mlcdreous soils in the south-eastem
onunt_les of England, where more than the lahour of two
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horses inay be require(i fof ordinary tillage; but’ it/ cer-
tally daer. not apply to the greater part of the (Jand of
this coun‘l.ry *The System of Agnculture here expiain-
ed, in s6 far as it regards the methods of farm. labour,
has been lohg established in the north of England, and
oyer all the better districts of Scotland. In the County
“of Northumberland,  where a system of cultivation is
pursued which may serve as a model to every part of this
kitgdom, the stiffest soils are managed by *two-horse
teams. While I must admit, then, the er:eeptigpns which
exist in the case of certain tracts of countr,, as the
" London clay, the weald clay, and other very tenacious soils,
1 maini;;in that the system of farm-labour here described,
“is capable of being reduced to practice over nearly nine-
tenths of England : and to the whole of Ireland it is apyp'i-
cable in its minutest details. The greatest obstacle to the
progréss of agricultural improvement, is the prejudice of
hahit. Throughout all England there is a multitude of
agriculturists surpassed by none il the world for intelli-
gence and spixit, and many things in the agriculture of -
the country are deserving of the highest praise ; but it
cannot be concealed, that, in the simplifying aud ccono-
mlsmg of labour, there is much to be learned and ef-
fected. Ttisin this respect, that the methods of, ~English
tillage, and especiglly in thsouthern counties, admit of
the 'gréatest ithprovemeat. By a niore cﬁcicnt applic;t-
tion of the meats of labour, a.wide field of bgneficial im-
provement is open over a gheat part of this rich and
beautiful gountry ; and one of the most useful scrvices
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thal chn besrendered to the farmgrs of manf of the

finest dlstncts of England, is to show, them how the cpe-

rations of -the field can be more theaply performed It

is undemablb "that, jn the parts of this kingdcmn which

are the least favoured by nature, the art of tillage has be-

come more perfect by being rendered more simple ; and

the result is shown in the greater revenue derived from ,
land und(;r‘ all the disadvantages of a colder, mmster,

and more changeable climate. The agriculturists inthe

south of, England are surprised at thc*high rents paid
from 1 poorer soils in the northern parts of the king-
dom. This doubtlesa arises from a combination of causés H
but not the least important of these is a mmpler and

cheaficr system of farm labour. : -

¢ I have only further to observe, with respect to the pre-

sent as to the former Editions, that I have made use of
portions of a few cssays written by me in the Quarterly’
Journal of Agriculture. The principal of these are, de-

scriptions of soils, cf t:e plough, of the harrow, and wther
implements of the farm ; accounts of the turni[; culture, ,
and of irrigation ; the subject of the leasc, and a few of
lesser imterest.
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'ELEMENTIS
«OF

PRACTICAL AGRICULTURE:

L. SOILS.

1. THE CLASSES OF S0MS, AND THEIR I’ROPE.RTIES, A8
a
DETERMINED BY EXTERNAR CHARACTERS.

Tuz Soil is the upper portion of the ground in whigh plants
are produced. It forms & stratum of from g few inches to a
foot or more in depth. It is usually somewhat dark jn ccjour,
arising from the mixfpg with it of the decomposed,tems,
leaves, and other® parts of plants which had grown upon it,
and in part often from the presence of animaf substamces. It i’
this mixture of the substance of organic bodies, with the mi-
neral mmtter of the upper stratum, which distinguishes this
stratum from the subjacent mass of ed¥th or rock, go which
the ferm Subsoil is appliecd. The decomposed organic portion
of the %0il may be termed mould i and it is the presense of
mould, accordingly, which 3stinguishes the goil from the
subsoil. ,

Soils are yéry various,in their Tertilibj.and textute. With
relation to ‘their powers of préducihg useful plants, they may
bg%ermed rich or poor! with relation to their textury, they
may be termedustiff,—dnd free or light. The stiff soils are
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those whigh are tenacioys and cohesive in their parts; the
Nighvwr free #olls are those which are of a loeser texture, and
4 ate easily separated. But the cohesive’soils pass
w thi'loone by imperceptible gradations, and bence though
salls mdSr be! termed rich or poor, stiff or hght, they are so

in every degree #f fertility and texture.

All soils which possess this tenacious or cohesive property
in- 2 considerable degree, are termed clays or clayey soils;
while all the looser soils are termed Zght or free. And all soils
are more or less clayey, or more or less light, as they possess
more 9r less of this tenacious and cohesive property, or of this
looser texture. .

The fertility of soils is, cateris pcribus, indicatea by the
greater or smaller proportion of mould which enters iiito their
composition. When soils are thus natwally fertile, or are
rendered permanently so by art, they are frequently termed
doams :_ Thus, there are clayey loams and sandy loams ; and
peat itself may, by the application of labour and art, be con-
verted into loam.

The parts of plants which grow upon the surface, and ave
mixed with the mineral matter of the soil, may decompose and
become mould. [ nder certain circumstances, however, the
plants which have grown upon the surface do not decompose,
but a..dergo a peculiar change, which -fits them to resist de-
composition. They are converted into puat, and the soils
“ormed of ‘his substance,a-e termed peaty. The peaty svils
are of the lighter class, gnd are distinguished from all others
by peculiat characters.

Soils, then, may be distinguished from one another :—

1st, By their texture, in which rase they may be divided
into two classes,—1st, the stiff, denominated clays; 2d,, the
light or free, comprehending the peaty.

2d, By their fartility or,powers of producing usefu] plants,
in which vase they arc termed rich or poor. ¢ | w

Soils, too, from particular causes, may be habitually wet or -
habitublly dry. Soils, therefore, way be farther distinguisued
by their general relation to moisture. Whonwater, from eny
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cayge, is geherally abundant, the sqis may be termed wet ;
when there is habitual deficiency of water, they n’mybe termed

Subsoﬂs, Jthas Been said, are dlstlngmshed from soils pro-
perly so termed, by the absence of mould. Plaits, tn growing,
may extend their roots into the éubgoil, and; detomposing
there, be mixed with it. But this is in small quantity, and,
for the most part, the subsoil.is readily distinguishable by ﬁhe
eye, from the upper stratum or soil, by the absence of organic’
matter in a’decomposed or decomposing state. N

Subsoils may either consist of loose earthy matter lilze the
soil, or they may consist of rock. Subsoﬂs, therefore, may be
dwxdgd tato two classes, the rocky and the earthy.

When'’the soil rests directly upon and extends to the rock,
without any intervening bed of looser earthy matter, the soil
will frequently be found tobe similar in the composition .of' its
mineral parts to the rock upon which it rests, from hav inlg’
been formed by the gradual disintegration of that rock. This
is chiefly found to be the case with the soils of mountains ; for,
in plains, the Soil is generally formed, .not by the disintegra-
tion and decomposition of the rock upon which it restg, but by
the intermixing together 8f the disintegrated parts of different
rocks and mineral strata.

“The rocky subsoils copsist of granite] sandstone, hmestbne,
chalk, and the otler mountain-rocks of a country. They are
sometimes easily penetrated by the water that falls upon the’
soil, and are then termed free or porqus; and sometiines they
resist the percolation of water, when they are termed close or
retentive. -

The earthy subsoils 'may, in like manner, be divided into
the close or retentive, and the free or porous. Thg retentive
are those which, from containiag much clay, are tenamous and
cohesxve.m thefr parts} andslittle pe3v1ous to flaids: the porous
aresthose whiich, having less of clay in their composition, are
more readily permeable.

Mhether the subsoil bl rétentive or porous, the soil which
rests upon it shonld be of good depth. If the soil be shallow
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on a retentive subsil, idis uffected tvo greatly b;r the alterna-
tions of dryress and moisture. And if, again, a shallow seil
rests on a porbus subsoil, the moisture of the soil is"too egsily
acted upon and exhausted by heat.

A stibsofl, in so far as mere texture is. '.':onecrned should be
neither tdo retentive nor 40o porous. But although this in-
termediate condition is in most cases the best, yet in a very
coui and moist country, a free or porous subsoil is for the most
“part to be preferred to one which is close and retentive. The
sil, ‘besides being affected by the texture of thée subsoil, is
sometimes also affected by the nature of the mineral substances
of Which the subsoi! is formed.

If the subsoil be rocky, it is desirable that it be cilcgreous
rather than siliceous,—chalk or limestone, for example, rather
than quartz. Sometimes the subsoil cortains matter which is
dlrectly injurious to the growth of plants. This matter is ge-
“nerally found to be the oxides of metals in combination with
acids. Subsoils of this kind are us«ally distinguished by deep-
ness of colour.

Soils, then, it is seen, are affected in their properties not
only by their own texture and composition, but by the texture
and composition of the subsoil ; and they are divided into the
Stif’ or Clayey, and the Light or Free.

The Clayey Soils hive, as their distiiguishing character, the
adhesiveness of their parts; and this property alone will enable

‘even the inexperienced tc discriminate them. A stiff clay,
when dried either by natural or artificial heat, becomes so hard
as to rusist a considerable mechanical pressure. On azcount of
the ténacity of such boils, they arc tilled with more difficulty
than the freer soils. They requiresto fertilize them, a larger
proportion of manures; but they retain the effects<of these
manures for, a longen time. Thkey are better suited to the cul-
tivation of plants with fibrous than withefleshyroots or tubers.

Soils ¥ this class, &s of every other, possess taany degreos of
natural fertility. The pdor clays form, for the mest part, an
unprofitable soil, because, while theif powers of productioi are
imconsiderable, the expenses of tilllng theng are large. The
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clayey soils of this character are gengally of little depth, and
rest upon a retentive subsoil. The natyrai herbage they pro-
ducg is coatse and little nutritious, and they are not well suited
to the produgtion of the cultivated grasses and other herbage
plants. They are littre fitted for the growth of turmps, or other
plants with fleshy roots or tubers.. Such soils have every-
where local names which sufficiently denote their qualities.
They are termed, by not an improper figure, cold soils ;-amd
sometimes they are classed under the genera) name moor,which
term is often used to denote soils, whatever be their nature, of
a low degree of fertility. T
Very dlﬂ'erc;nt in their value and nature are the richer clays.
These:bear weighty crops of all the cultivated kinds of corn;
they do not excel the better soils of other classes so greatly in
the production of oats, and still less in that of barley, in which
the lighter loams may surpass them ; but they are unequalled
for the production of wheat, and in many places, derive.their
descriptive appellation froni that circumstance, being termed
wheat soils, They are well suited for the growth of the bean,
a plant with a weighty stem, and requiring a stiff soil to sup-
portit. They will yield large returns of the cultivated grasses.
and leguminous herbage piants, though they are not so quickly
covered with the natural herbage plants of the soil, when faid
down to perennial pastlrage, as the lighter soils. A
Clays, like the 8ther soils, approach to their most perfect
condition, as they advance to that siaie which has been termed ’
loam. The effect of judicious tillyee, and of the application of
manures,*is to improve the texture of such soils as wel? as to
enrich them. Thus, clays in the neighbourhood of cities be-
come, dark in their colour and less cohesive in their texture,
from the®mixture of animal and vegetable matter, and thence
agquire the prqperties of the r.ost valueg soils ofitheir class,
Natural changes, however,"yet moze than art; ave furnished
thewich soilsior clay. The best, for the 0ot part, of ‘the soils
of clay, are those which a.re formed from the alluvial deposi-
tiogd of rivers or the'sea.  The finest natural soils of thiy and
other countries a1'2 those which are thus formed. The deposi-



6 SOLLS.

tions of rivers, indeed, %re not always of a clayey nature. In
mountainous dxstncts.they generally form soils of the lighter
kinds. Wlire the sea, however, is the ggent, or where doth
the rivers and_ the tides combine their action, #hg depositions
generhlly partake of the nature of cla§. Such alluvial soils
have every-where loca) terms to mark their character and fer-
tlhty On the great rivers and estuaries in England, and in
‘What are termed carses in Scotland, fine and extensive districts
of this kind exist. , }

" Fhe next class of soils is the Light or Free. , I'hese are
readil_) distinguished from the last by their smallcr' degree of
tenacity. They are less suited for the production of wheat and
beans than the clays, but they are better suited for the produc-
tion of plants cultivated for their roots and tubers, as the tur-
nip and the potato.

This class of soils may be divided into two kinds, or sub-
dlasses, diﬂ“eying from each other in certain characters, but
agreeing in the common property of being less tenaciousin their
parts than the clays. ¢ !

The first of -these sub-classes of the hghter soils has been
termed, the Sandy.

The sandy soils are of all the degrees from barrenness to fer-
tilig. MWhen wholly without cohesion in their parts, they are
alto bther barren, and are only rendertd productive by the ad-
mixture of other substances. The cultivatell sands part readily
with theif moisture on ¢’ application of heat. They do not
become 'hard like the clays, and, making no considerable resist-
ance fo external pressure, they ave tilled with little abour.

The podrer sands are almost always marked by the scantiness
of their natural herbage. This chavacter they possess in com-
mof: with,the poorer gravels. Other soils, ¢ven the”poorest,
way be thickly covered with tHt plants peculigr to them ; byt
the poorer s#hds and gravels ususlly pht forth their natural
herbs with a spamg’hess which denotes the allsence of vege-
table nourishment.

. Bu# sand, without losing its distihctive character as a‘gpil,
may possess, a greater cohesiveness in its pParticles, and be fer-
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tile by nature or rendered so by art ;%and then the solls deno-
‘minated sandy become of deserved estimpation. Rich sands are
early in maturing the cultivated plants, and thence they are
familiarly termed I8ndly soils. They are fit for the production
of every kind of hegjpoge and grain. They yie)d to ¢he richer
clays in the power of producing wheat, but they surpass them
in the production of rye and barley. They are well suited to
the growth of the cultivated grasses; and, when left in peren-
nial pasture, they are quickly covered, with the _natural,plants
of the soil. “But their distinguishing character is their peculfar,
adnptatum to the raising of the plants cultivated for their roots
and tubers.

The rrext division of the lighter soils, and allied in characters -
to the sandy, is the Gravelly.

Sands will frequengly be found to be the productlon of flat
countries, gravels of the mquntainous and rocky. The charac-
teristic of the gravelly soils is the quantity of loose stoneswhieh®
they contain. These stongs will be found to consist of those
warieties of rock which the mountaigs of the country afford ;
and the naturé of these rocks will frequently indicate the cha-
racters of the soil; thus soils, of which the stony matter is very
siliceous, are generally fodnd to be barren, wlnle those of which
itis calcareous are found to be fertile.

Sands, upon examinegion, will be found to consist of.bmall
particles of stony enatter, and thus sands may be said to differ
from gravels only in the more minue division of their partss
Yet, in this minuteness of division, there is generally sufficient
to distinguish the two kinds of soils. The stony mattes of the
sand forms its pnncxpa.l component part, While the langer stones
in the gravel, which give te it its name and eharacter, seem only
to be mixed with the other necessary parts of the soxl oThe
stone of the ope *has undergonsg a cdsiderable mgchamcal diyi-
sion, whgle much of that of the otheg has only been loosened in
sensible magses, from its, native bed. oAy light seil, mixed
with a sufficient portion of $tones, is*gravel ; and mvel there-~
fore,is nothing else than the different kinds of light soilsmixed
with a greater og less proportion of stones.
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Gravels, like sands, have all the gradations of quality, from
fertility to barrenness. . The loose soils of this nature, in which
the undecomposed ma.t.enal is great, and the 1nwwen1n&soxl
siliceous, are held to be the worst of their ‘kind. .These are, in
some places, termed hungry gravels, nat only to denote their
poverty, but their tendency to devour, as it were, manure, with-
out any corresponding nourishment to themselves. As the tex-
ture-and quality of the intervening earth improve, so does the

“quality of the entire soil; and gravels, like sands and clays, ad-
vincing through all the intermediate degrees, ma;y become at
last of great fertility.

The rich gravelq will produce all the cultwated kinds of
grain. Their looser texture renders them less suited than the
clays to the growth of wheat and beans, but they are admlrably
adapted to the growth of barley and oats. They are quick in
their powers of producing vegetation ; and, from this quality,

‘they ere, in some places, termed sharp or quick soils. They
rea.dlly admit’ of a.lterna,tlons of hcrbage and tillage, and im-
prove in a state of perennial pasturage. They are general: y
trusty soils with regard to the quality of the grain which they
yield; and, in this respect, they differ from many of the sands,
in which the quality of the grain produced does not always ac-
! cord with its carly promise. It is well, then, even in the best
sands, to see a tendency to gravel, whith denotes a sharpness,
asit is termed, m the soil. Gravels, like sands, are suited to
*the cultur¢ of the differext kinds of plants raised for their roots
and tubcrs; and they are in so peculiar a degree suited to the
growth of turnips, that, in some parts, they receive. the dis-
tinguishing .appellatién of surnip soils.

The last division of the lighter scils¢ consists of those which
are termed Peaty.

Jhe mattqr of the soils of this class is da.rk’ in its colour,
spongy in its texture, and full of the stens and other :, parts of
plants, either entirg’or in a state of partial decay, It is gene-
rally tough and elastic ; and, when dried, loses greatly of its
weight, and becomes inflammablee Thesey the most obserwble
characteristies of the soils termed pedty, will distinguish them,
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in thef natural state, from every othep; and, even when they
shall have been greatly 1mproved by cylture, enough of their
original characters will remain to “make them knbwn.

Péat, it ha.s.b.een s8id, consists of vegeta,ble matter which has
undergone a ‘peculiar ¢hange. Under a degree §f tempevature
not sufficiently great to decompose the plants that have sprung
up upon the surface, these plants accumulate ; and, aided by

a certain degree of humidity, are converted into peat, which
is either found in strata upon the surfage of p]ams, @ acgumu-
lated in greut beds on the tops end acclivities of mountains,
orin va.lleys, hellows, and ravines. Successive layers of plants
being added to the mass, it continues to 1pcrease, under dir-
cumstances faVourable toyits production. Water is a necessary
agent ‘in its formation, and we may ‘belicve, too, a peculiar
temperature, since itgis only in the cold and temperate, and
not in the warmer regions of the earth, that it is found to be
produced. The plants which form it have not entirely decayed,
but still retain their fibroug texture ; and, from ‘the action of
certain natural agents, have acquireld properties altogether
distinct from tHose which, in their former condition, they were
possessed of. They have now formed a spongy elastic mﬁa.m-.
mable body, and so different from the common matter of vege-
tables, as to be highly antiseptic.

The plants whose pregress towards decomposition has,been
thus arrested, are very various. Over the greater part of the
surface of the primary and transition fistrict8 of colder coun-
tries, the peat is chiefly formed of mgsses, and other crypto-
gamic plants, mixed with the heaths ‘and other pldnts avhich
had grown along with it. Sometimes the peat has been formed
in sw amps and lakes, and @t other times the hum1d1tv of the
climate Was been sufficient to form it in one continued bed,
covermg the whole surface of ghe cBuntry. *

‘Oof the heaths which entey into thg composition " of plat, that
hardy specles the common ling, Cdluna gitigaris, is the native
inhabitant of the alpine cBuntsies of northern Europe, and
grovws in vigour, and overspyreads the surface, where hardly
any of the otherJavger plants would live. But alﬂmug'rl this
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and other species of heath are very generally convertéd into
peat, this is'not necessarily or universally so.. By the growth
and decay of the roots and stems, a soil is indeed formed ; but
then this may take place in the same malner as in other soils,
and without the actual conversion of fhe upper stratum into
peat. This, however, in the case of the cold and moist coun-
tries of the north of Europe, is comparatively rare, for gene-
rally the heaths, from the slowness of decomposition of their
lignepus @oots and stens, are wholly or partially converted into
peat. In the cases in whichdhese ‘plants are not converted into
peat, a dry and turfy soil is formed, different. in aspect from
titat formed by the grammeous and other easily decomposed
plants, but still produced in the same manner, though, like the
peaty soils, elastic and inflammable, on account of the great
quantity of ligneous matter in its compgsition. The soil itself
is generally thin and little favourable to vegetation. It usually
rests upon a subsoil of siliceous sand, and sometimes of chalk,
and then it is comprehended underghe class of soilstermed light.
The soil formed of ppat would, from its vegetable composi-
tion, seem to contain within it the necessary ¢lements of fer-

tility, and yet this is not found to be so. The excess of ve-

getable matter which it contains is injurious rather than use-
ful. In the state of nature it is often found to be as barren
as the sand of the desert, and scarcelw to deserve the name of
soil, until the labour of art has been ‘extended to its improve-
ment, and even ‘then itjs mot entirely divested of its original
characters.

The effect of a thorough draining oﬁ' of the water of peat,
continyed for a long‘time, is to carry away the antiseptic mat-
ter which it contains. When the water of peat has ceased to
be turbld, and comes off clear, then we have the assumance that
the peat is freed of the prigciples mJurxous to vegetation.
Thisisthe greatest imprqvement of which peat is suscephb[e,

and when we have ‘brought it to this conditiony the main diffi-
eulty of ipproving it has ceasad. .

Paht may then be brought tp the state of what has been

- termed loam. In this ameliorated conditior it becomes a Soil
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of the lighter kind, well suited to theeculture of the larger-
rooted plants. It is dark in its colour Jike the richest vege-
table, loam,” and to the mexpenenced eye may fass as such.
But still, unlgsg greatly corrected in its texture by the appli-
cation of the earths, 4 is found to be porous and deose, too
quickly saturated with moisture, and tgo easily freed from it.
In this improved condition it will yield bulky crops of cats and
barley, although the quantity of the grain will not always.cor-
respond with the weight of the stem, .nor the quality of the
grain with, ifs quantity. .

Soils, then, *we have seen, may be dlshngmshed according
to their texture and constitution, when they may be divided
into tyo chsses,—the stiff or strong, Qenommated Clays,—the
light or free, subdivided into the Sandy, Gravelly, and Peaty ;
and all these, again, may be distinguished,

1s#, According to their pewers of production, when they are
termed Rich or Poor ; and

2d, According to their shabitunal rela.tlon with respect to
wbisture, when they are termed Wet or Dry:

This simple nomenclature of soils is sufficiently intelligible
to the practical farmer. The farmer regards soils chiefly with.
relation to their fertility, hnd the means of cultlvatmg them,
and he naturally classifies them according to > these views. A
main distinetion betweetysoils, in practxce, is founded upopgtheir
comparative produftiveness, and this is the distinction which
is most important with regard to meye value. We eonstantly¢
refer to soils with reference to theig good or bad qualities,
without adverting to the particular circumstances which render
them of good or bad quality. We speak fatniliarly, for example,
of lapd worth 30s. 40s."aml 50s. the acre of yearly rent, with-
out constering whether it be a fertile clay, a fertile sand,.or a
highly improved peat. We speak ‘of itawith reference to its
fertility gnd value aldhe. But thosg other distinctionk, which
aresderived fibm its constitution” and é€xture, areeessential
when we regard the mannér ofecultivating such a sgil ; for the
sagl method of tillage, dnd ¢he same succession of crdps, as
will be afterwards %een, do not apply to all rich or to all poor
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soils, but are determired by the character of the soil, as de-
rived from its other properties. )

Though sdils are thus distinguished bv external‘characters,
they pass into one another by such gradations, that it is often
difficult te say to what class they belgng. These intermediate
soils, too, are the most numerous class in all countries. The
soils termed peaty, indeed, form a peculiar class, always marked
by distinctive characters; but even these, when mixed with
other substances, pass into the earthy soils, by imperceptible
gradations. We may say, therefore, that the gréater part of
soils consists of an intermediate class, and that it is often dif-
ficult to bring them under any division, derived from their tex-
ture alone. Such soils, however, caa always be distinguished
by their powers of production. They are good, bad, or inter-
mediate between good and bad ; and their relative value is de-
termined by the produce which, under similar circumstances,
they.will yield.

_ II. THE PROPERTIES OF SOILS AS DETERMINED BY CHEMICAL
ANALYSIS!

H:vine examined the external charieters of soils, we might
inquire into thexr properties, as determinell by chemical ana-
‘lysis. Tuis, however, 15 & branch of the extensive subject of
agricultiiral chemistry, into which it would not be consistent
with the practical and elementnry nature of this work to enter
at length. It is merely proposed, therefore, to direct the at-
tention of the reader to this part of thé science of agriculture,
and-to make known to him a few results which have“becn ar-
rived at. "

The soil has been said.to be a compbund of mineral sub-
stances, inixed w ith’ :rportwn of vegetable and inimal matter.

The vegetable and animal matter of the soil exists either in
a statd of mixture, or of chemicxl union tvith the minerdls of
the soil.
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The mineral matter of the sofl formsgreatly the larger part
of it, and necessarily consists of the same substances which
constitute the mountain-rocks and pineral masses which are
found on the ea.gth afld which form its crust or covering. The
hardest rocks break dewn by degrees, and are dbcomposed by
the influence of air and moisture. Spmetimes the decomposed
matter remains upon the rocky basis from which it had been
derived, and there forms a sojl; but more frequently the ac-
tion of water has mingled together the different mineral masses
and strata 'which are found on the ea.rth. '

The great body of the soil, then, is a mixture of the, various
mineral substances which are upon the eart}y, and is resolvaide
into the same constituent parts. Now, all the rocks and other
mineral masses which exist on the shrface of the earth, are
found to consist of a fey bodies, the principal of which are four
earths,—silica, alumina, hme, and magnesia,—oxide of iron,
soda, and potassa. In like manner, the great mass of thg miv -
neral part of the soil is resplvable into silica, allmina, lime,
magnesia, oxide of iron, soda, and potgssa. ©

The manner tn which this compound body may be conceived
to exist is the following: Let it he supposed that the dif-
ferent mincrals on the susface of the carth are more’or less-
decomposed, broken, ground down, as it were, and mingled to-
gether. .

Some are in theeform of stones, and are therefore merely
varicties of the different rocks of- a cpuptry. These form loose ¢
stones and gravel, which we see accordmgly to be everywhere
ningled with the soil, and to form Often a great proportion of
it.

A more minute commigution reduces these mineral sub-
stances te sand. This is the form in which the largest part of
all soils exists, g,n;l when it is ina veby cops:derabfe proportion
t6 the whole, the soil és termed Sangy.

When *the parts are more commbnutedystill, and rednced by
. chemical or, mechanical mehns $o pewder, the soil appears to
be I the state favoyrabl® tq vegetation. All our finest soils
conttain a large cqmparative proportion of their parts reduced



‘14 ' SOILS.

_to this state of division ; and where none of this finely divided
substance, or a smn)l quantity of it only, exists, the soil is
barren. ¢ °

Of the substances which form the constituent. parts of mine-
rals, the most widely diffused is silica. -Stones in which it ex-
ists in large quantity are.usually very hard. Thesand of the
sea-shore is mostly siliceous, and siliceous sand forms vast de-
serts in every part of the world.

In_quartz, and in felspar, silica exists nearly pure, and it
forms 98 parts in 100 of common flint. It is ftom its abun-
dance in quartz, a mountain-rock of universal-diffusion, and in
felspar, which is likewise one of the most abundant minerals in,
nature, that silica is important as forming a principal consti-
tuent part of all the loose mineral matter of the surface of the
earth, and consequently of all soils. (Quartz is a rock of con-
stant occurrence, and its disintegrated parts have been every-
avhere washed into the plains to form an element of the soil.
Quartz has‘been found to consist of silica, alumina, and a
small quantity Jf oxide of iron. Quartz is also an integrant
part of sandstone, and other rocks of gencral dgiffusion. It en-
ters largely into the composition of granite and other primary
rocks.’ It forms, in short, a part of the rocks in all the series
of formations which geologists enumerate ; and thus silica is
the most universally diffused mineral substance on the surface
of the earth, a.nd forms a part, accordingly, of every soil that .
is known.to us.’ %

Aluming, next to sxhca, is the most generally diffused of the
earths. United with silica, it forms a great proportion of all
the rocks and mineral masses on the earth. It is accordingly
everywhere found:; and forms a part of every soil not wholly
barren. Kneaded with water it becomes a ductile gasté, and
ls the substa.nce which chiefly gives their plastlc and ductile
characters to the soils tgrmed clays. Jt retains water more
strongly-than any of the other earths.

Silica gnd alumina, then, forming the largest.part of the
rocks' and minerals which exist ypois the.surface of the earth,
enter the most largely into the comaposition of soils ; and in
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these tﬁey are found to exist, elther age graing of sand, or as
gravel, or in the form of a fine powder.

Lxme, theenext of the earths, is one which is of 'w1de exten-
sion, and performs an®impdrtant function in the vegetable eco-
nomy. In nature this mineral is usually found irf combination
with acids. Combined w1th carbonig, a.cld, it constitutes the
numerous varieties of marble, limestone, and chalk. In this
and other combinations, it exists in rocks, in soils, in the wa-
ters of the ocean, in plants, and in animals. It forms great
beds, and nuherous minerals in combinatidn with silica ande
alumina. , .

It is chiefly from the carbonate that the “lime used in agri
culture is derivéd. By exposing the carbonate to a strong heat,
the carBonic acid is driven off, and thdt which remains is the
caustic earth, to which,we give the name of gquicklime. This
substance has a strong affinity for water, which it will absorb
from the atmosphere. When the water is applied in quantjty,.
it is absorbed by the lime, wjth a great evolution of heat ; and
thie is the process of slacking so well kpown. ® The lime thus
combined with water attracts carbonic acid, and again becomes
carbonate of lime ; although, in this state of carbonate, it pre-
sents external characters entirely different from those*which
it possessed in its original state of marble, limeftone, and chalk.
But it is in external characters only, and in the lesser de,
of cohesion of its perts, that it differs, for otherwise the sub-
stances are the same.

By the minute division of its pa.rts by heat, we are enabled
to apply ligne to the soil in the state of a finely divided powder,
and thus in the best form for 1mprovmg- the texture of the
soil. It is from this cause Joubtless, as well as those mport-
ant purpaeses which it serves as a manure, that this earth_is
of such unporta‘nce to the husbqndnﬂm Could we dpply the
satths sxhca and alumina tg the soil in theu' pure state, or
could we reducg them by mechanital orgchemical mgans to
powder, we should be able tb apply them in a form calculated
to improve the texture of the goil.

LYme exists in all soils formed by the decomposition of rotks ;
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but in soils formed whollv by the aggregatwn of vegetables,
'as peat, it does not ecessarily exist. It improves the quality
of all soils, whether they are formed of silica, alumma., or ve-
getable matter.

Silicas aluinina, and lime, forming the principal part of soils,
and, where any one of them prevails, giving its character to
the soil, it is frequently convenient to distinguish soils, as being
Siliceous, Aluminous, or Calcareous. Where silica prevails,
as in the case of many sands, we may call the soil siliceous ;
where clay prevails we may call the soil aluminous j and where
lime exists in quantity, as in the case of chalk, we may call
the soil calcareoys. Thus, in addition to the less artificial
division of the farmer, derived from the texture and external
characters of the soil, we may use those derived from its com-
Pposition.

Magnesia, in various states of combination, exists in nature
\in gonsiderable quantity. It is generally found in combination
with acids,’as the carbonic, It,exists along with silica, alu-
mina, lime, iron; and other substances. The minerals of which
it forms a part, generally feel soft and unctuoas. Itis the prin-
cipal constituent of various mountain-rocks, as serpentine and
chlorite-slate ; and thus being an‘element in many rocks and
minerals, it must form a considerable part of soils. Magnesia,
hewever, is less generally diffused than lime, and may perhaps
perform a less important function in thereconomy of vegeta-.
tion. When it exists {n such quantity as to give a character
to the soil, we may term the soil Magnesian.

The rfext substance that exists largely diffused in the mine-
ral kingdom, is oxide, or rather peroxide, of iron.

Iron, as it is the most useful of the metals, so it is generally
diffused on the earth. It is derived, for the purpeses of the
a.rts, from a series of min‘eralg termed ores ofi iron. It is found
extenﬂwely in mountain-rocks; and i exists accordmgly, in
more ar less quahtity, ifi almost every soily Its preclse ef-
. 'fects, hgwever, on the 'productwe powers of seils, have not
been well determined ; some spils,' where it exists, beiag ex-
treﬁxely barren, while in some very fertile uojls, it exists in large



oua;mc.u. ANALYSIS. 17
. -

quant'ity. Soils which contain much®f iron may be termed
‘Ferruginous.

The alkalies, soda and potassa, are also found"in soils, being
extensive progucts of the mineral kingdom. They are found
in nature combined ¥ith various acids.

Soils, then, consist chiefly of silica, ajumina, lime, magnesia,
oxide of iron, potassa, and soda, together with a portion of
matter derived from organic eubstances. .

From various experiments, it is known, that plants capsume
in growihg® the decomposed animal and’ vegetable mattér
which the soil*contains. It is rendered probable also by ex-
periments, that a portion of the earthy matter of the soil*—
the silic4, the alumina, the lime, as well as various saline sub-
stances contained in it,—is absorbed” by the plant, though in
minute quastity, as eompared to the animal and vegetable
matter absorbed. ' ' .

Further, the medium of supply of the matter of nutwiion'
contained in the soil, mapbe regarded as wa,ber holding in
sdlution the vegetable, animal, and other matters which pass
into the roots ‘of plants. The soil, then, may be chiefly re-

garded,
1s¢, As the instrument for fixing- the roots of plants in the
ground ; and,

2d, As a medium fom gonveying to them the water holding
dissolved the differfnt substances which pass | into the plant.

The air may be considered as a velicle for" conveying water ¢
to the soil. It is contmually charged with aqueous vapour,
which partly descends_ to the earth in rains, and is partly de-
posited in dews, in the cool of the night.® In many cquntries
it never rain§ at certain seasons, and the whole moisture is
supphed by the dew. In this case m an especial degree, and
in all cases in a.certmn degree.the power of the earth to a}-
sorb moisture from the air, ay be regarded as connecfed -with
the gneans of he soil to nqurish plints. °

All our festile soils, accodingly, Bave o power of thus sup-
plyimg themselves with n!omtnre and of retaining it fdr the
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proper time ; while infétile sods either have less of this absor-
bent power, or retaint the fluid absorbed for a shorter time.
This was known to the anrients, one of the marks which they
gave of a fertile soil being, that it freely imbibed water.

Of ‘thetlifferent matters which enter'into the composition
of soils, animal and vegetable substances possess the greatest
power of absorbing moisture ; and the addition of animal and
vegetable substances always increases the fertility of soils.

Of the pure earths, the least absorbent is silica, and it is
that also which parts the most readily with its moisture. A
soil consisting of too great a proportion of siliceous sand is
always infertile. Xt imbibes the aqueous vapour of the atmo-
sphere with slowness, and parts with it quickly. A Boil of si-
liceous sand will scarcely be penetrated by the dew of night,
and will part with it on the first action f the morning rays of
the sun.

' Wakile pure silica will imbibe scarce afourth part of its weight
of water, lime will absorb nearly i¢s own weight, and alumina
two and a half times its weight. But while the silica will
absorb a smaller quantity than alumina or carbonate of lime,
it will allow it to evaporate two times more quickly than car-
bonate of lime .equally divided, aiid five times more quickly
than alvmina in the same state.* The addition of carbonate
of lime or alumina to a soil containing too much silica, never
fails to increase its powers of absorption atid its fertility.

The order in which the principal substances that enter into
the composition of soils possess an absorbent power, is the
following':

. 1. Animal and' vegetable substances.
2. Alumina, °

3. Carbonate of Lime.

4. Silica. o

It appears, too, that the more perfectly a portlon ef the soil
is comfinuted, decdmposed and reduced, the greater is’ the
power of absorption which it bossesges

Chnme appliquée a l’Agm,ulture, rar M, ly Gompte leptal
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But, although certain earths in thdir separate state have s
greater power of absorption than otHers, it does not follow,
thaf a soil consistipg chiefly of that one earth ‘would possese
a greater pgwer of absorption than a soil composed of a mix-
ture of earths, even®though these earths should in*themselves
be less absorbent. Thus, a soil consisting chiefly of aluminous
earth, though alumina is itself the most absorbent of ail the
earths, taking water up in the greatest quantity when pbured
upon it, as well as retnmmg it the longest, is not really so ab-
sorbent as when it is mixed with other earths. Hence, the
stiffer clays afe not the soils which absorp water readily from
the atmosphere. Such soils, when the wemther is dry, become
induratéd upon the surfice, which pgesents an obstacle to ab-
sorption ; and thus we find, that the vegetation of very stiff
clays is almost as sson injured by drought as that of sandy
soils, and much more quickdy than that of good loams. .

A mixture of siliceous sand, then, with a very alummouﬂonl
although the sand is the lets absorbent subsjance of the two,
ifcreases the general power of absorpmon from the atmosphere ;
so also does a mixture of lime, and, in an eminent degree, of
animal and vegetable matter.

It is not, then, the prevalence of any one garth that consti-
tutes a soil well fitted to absorb humidity. A mixtuse of cer-
tain proportions of alufina and silica, of carbonate of lime, and
of vegetable and dnimal matter, appears to be the best suited
for absorbing the humidity of the'at!nosphere, of freserving’
it, and transmitting if the most regularly to the plant.

Neither is the prevalence of any one earth in a soil fivour-
able to its general powers of production. * Too great a propor-
tion of alumina forms 4 seil too stiff and tenacious. Such a
soil will*from thjs cause, be found to be unprodugtive. A soil
consisting of agrbonate of lime only, asewe see in the case of
chalk, is 8 bad Soil. %\ soil conslstmg of alumina and catbon-
atesof lune qndy, as we seg in the ‘case of clay-mar] 1s unpro-
ductive as asoil, until mlxed with other substances. A soil
condisting chiefly of silice, is eften so barren as to be incapable
of Sustaining veggtAtion 4t all.

2
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Some, founding on the expenmeuts of Sir Humphry Davy,
have been led to the opinion, that the fertility of soils is directly
indicated by their power of absorbing water from “the atmo-
sphere, and that their relative fertility may be estimated by
this citcuthstance alone. Sir Humphry Davy compared to-
.gether the abdorbent power of various soils with respect to the
moistuare of the atmosphere, and found it to be the greatest in
the most fertile. Thus, 1000 psrts of a very. fertile soil from
the banks of the river Parret in Somersetshire, when dried at
212°, gained in an hour, when exposed to air saturated with
moisture at the temverature of 62,° 16 grains. =+

1000 parts of asoil from Mersea in Essex, worth 45s. an
acre, gained, under the same circumstances, 13 grains.

1000 parts of a fine sand from Essex, worth 28s. an acre,
gained 11 grains. 0

1000 parts of a coarse sand, worth 15s. an acre, gained only
8 ghuins.

1000 parts of the soil of Bagshot-heath gained only 3 grams

It is an error, however, to hold that the relative fertility ‘of
soils may be determined by their power under the circumstances
“mentioned, to absorb moisture ffomn the atmosphere. Peat-
earth is a very ahsorbent soil, but it is not a soil of great fer-
tlhty To infer that the fertility of soils depends upon their
powers either to absorb or to retain n’ionsture, were to reason
as if these were, the only conditions of fertility in soils, which
does not dppear to be the ¢ase ; and other experiments accord-
ingly do not bear out the conclusion that the fertility of soils
deperids upon these properties. But, this may be inferred,
that all productwe soils have a considerable power of absorb-
ing moisture and retaining it when s6 absorbed, and that this
property dogs not depend, on the prevalence of any onc sub-
stance, but en a mitture of several substancem

It has been found alse, we have sefn, that the fprtility of
soils, hdwever pmdm.ed ns not derdent on théxprevalenve of
any one enineral in the soil, But on a mixture or combination
of sgveral. But what the precise proportlon of these is hich
is most favourable to fertility has not yet ‘béen determined.
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Without detailing any of the numefous experiments of che-
mical analysis that have been made, wAth the demgn of ascer-
taining tHis and other points relatmg to the properties of soils,
the following eonclustons may be given as apparently deducible
from the investigatidns that have taken place :— *

1. Soils in which a large quantity of silica and alumina ex-
ists in the state of fine division, are comparatively fertile.

2. Soils in which the quantity of sﬂlceops sand is large are
comparatively infertile ; while soils in which the sand is fine

and only parthlly siliceous, are comparatjvely fertile.

3. Iron exists in all soils, but does not *influence their for-
tility in proportlon to it$ larger or smaller quantity.

4. An excess of the acid combinations of the oxide of iron,
and certain other salime bodies, is hurtful to vegetation.

5. Carbonate of lime exists in the best soils, and, genera.lly,.
though not always, in larger quantity in the better than iff the
inferior soils.

®6. Certain earths possess the power*of combining chemically

with animal and vegetable matter, and of retaining it for a

longer or shorter time. Thus, alumina and lime fortn, certain’

compounds of greater or fess insolubility wigh animal and ve-

getable matters, while silica will not enter into the same com-

binations ; and hence"bls that aluminous and calcareons soils

retain for a longer time the manure applied fo them than sili-
ceous soils.

7. When water is in excess in the soil, and when, vegetable
matter i present, aciq is formed which is injurious to the pro-
ductive powers of the soil. Farmers are familiar with- this
effect, and say that the’sofl is soured.

8. Sofls, besidgs absorbing moistpre from the air, appear to
absorb carbonwnd other matters nutriméntal to plantg.

“These gre the'princidal results to Mhich the chamlstry of agri-
eulture has cfnducted us.with respect #® soils. Thi¥ branch
of scxence, however, may pe said to be as yet lmperfect, and a
la.rge field of useful mvestigation still remains for the p!uloso-
phical inquirer. ‘Although it may be said that much has not
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been done with relationt to the ;'eally useful, which observation
and practice had not before shown, yet we have dt least
escaped from'the errors qf former opuuons, and %o far_the
path of further inquiry is more open to us. .
Amrongst other results to which this species of mvestlgatlon
has conducted us, we have seen—that the practice known to
agriculturists of mixing together different kinds of earths, ad-
mits of explanation on principles. founded on our knowledge of
" the composition of soils : that the beneficial action of manures
depends upon a proper constitution and texture of the mineral
portion of the soil, and that hence to derive the full benefit of
ménures, the provisce of the cultivator is to improve the tex-
ture and constitution of the soil : that the comminution of the
component parts of the soil is beneficial, as rendering the whole
more pervious to the air, and the vapour, and other matters,
with which the atmosphere is chayged : and further, we have
beew gnabled to render our common nomenclature of soils more
precise, by distingnishing them by .the terms Siliceous, Alumi-
nous, Caleareous, Magnnsmn, and Ferruginous, as silica, alu-
mina, lime, magnesia, and iron, prevail in their composition.
We might now proceed to consider the relation existing be-
tween the soils of a country and its geological condition. This
is a subjget mterestmg to the scientific agriculturist. But, how-
ever gprious the investigation might yreve, it is not necessary
for that practical illustration of the subject*of soils, which con-
' sists with:he design of thisavork. Besides, to characterize the
quality of soils, as affected by the geological nature of the coun-
try or district, is to view the sybject in a somewhat more ex-
tended manner than‘is consistent with the common purposes of
the farmer.  Although it is found tkat-a relation may be gene-
rally traced between the nature of the rocks of a countcy or dis-
trict, and ‘its fcrtlhty——as in the British Islam.ls, between the
new red sandstone and the finest djstricts of tle country ; be-
tween the coal-formation, under certain cn'cumstances, and a
ferruginoys and somewhat ungraterul soil ; betwoen the nthg-
nesian limestone and a tract of compatative infertility; between
the lias formation and onc of comparative productiveness, and
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80 on—yet many degrees-of quality ma$ exist in the soils of the
same séries of rocks, and in the same country ; and even all the
contrast bétween great fertility and great barrenness may be
found within.the limits of a smgle field. We must, therefore,
narrow our views when we examine the soils which we hetve oc-
casion to cultivate, and regard, not«hejr properties with rela-
tion to an entire district, but their minuter shades of fertility
and character.

We have thus considered their properties as determined by
their exteindl characters, and in part by their chemical cont-
position. We may now consider their characters as determined
by their vegetable productions.

1I1. THE PROPERTIES OF SOILS AS DETERMINED BY THEIR
VEGETABI‘E PRODUCTIONS.

Waen we regard the digribution of plants irf different re-
gions, we perceive that this is determiged by 8auses which have
little relation te the nature of the soil on which the plants grow.
The soils of all countries are, in their essential characters, alike..
The same mineral masses, composed of the same subStances,
exist over all the world, and yield, by thei"disintegration or
decomposition, the same, materials for the forming of soils,

But, although thé nuneral matter of the soils of all countmcs
is thus similar in its constituent pagtsyit is altogetheg different.
with the vegetation' by which these soils are characterized.
Every zoye, from the equator tothe polar circle, is distingyished

. by a different vegetatidn, and different regions have thelr pecu-
liar plants. A district. of granite, of sandstone, or trap, in
southernAsia, will yicld the same materials for formmg soils
as similar dlstncta in northern, Eufope, ywhile the v?egetatlon
ptoduced will smrcely possess any gommon character®

Amongst thg natural causes which ai{eet the vegefation of
countries, the influence of telnpexature is that which is the most
obvigus to the senses, When.we pass from.a warm country to
a cdld, we perceive @ change in the whole character of the Yege
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tation. We cannot asfend a mountain without ﬁndmg such a
change in thé kinds of plants produced, and in the vigour with
which they grow, dependent upon the change of tefaperature.
The degree of moisture, too, the distance or proximity of the
sea, ahd other circumstances connected.tith the climate and
physical condition of the country, affect the nature of its vege-
table productions, and show, that the influence of soil, with re-
spect to the kind of plants produced, is entirely subordinate to
that of temperature and the effects of climate.

' When we extend, then, the range of our observation to dif-
ferent and distant countries, we see that the nature of.the plants
cannot indicate that of the soils on which they grow. It is only
within narrow limits, and tnder given conditions of climate,
that the kinds of plants afford any indication of the nature of
the soils which produce them. .

Within certain geographical limits, however, as those of a
cowstry having throughout nearly the same climate with respect
to temperature and humidity, ussful rules may be given for
distinguishing soils by mzeans of the plants which they produte.
Numerous species of plants, indeed, will grow, with equal rea-

- diness, on different kinds of soils; yet there are other species
which affect particular soils,and in their wild state do not grow
on any ether. Thus, there are plants whose natural habitat is
peat,.others which grow on «soils chaped with moisture, and
others on soils which are dry; some which, under the like con-

* ditions of humidity and temperature, are proper to the light
and siliteous soils, some.to the stiff and aluminous, someto the
calcareous. . , '

Bnt, as even within the limits of a single country, pretty simi-
lar in its climate throughout, variasions must exist of altitude,
and, consequently, of temperature,—-of exposure to particular
winds, and, ronaequentl_y, ‘of humidity,—of preximity or dis-
tance from the sea, and ather cireumstéinces #ffecting the ha-
bitats of plant.s,—rltus often difficvlt to indicate the precise
nature ofca soil merely by its 'm'evaxlmg vegetation. It is al-
most always possible, however, te determéne from this cirtum-
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stance, whether the soil be wet or dry? and whether it be fer-
tile or infertile. Ve

It is fof the last-mentioned purpose, namely, determining
the character oof a soil with respect to its fertility, that the
examination of its ve}yetable produce is the most important in
practice. The nature of a soil, with regard to #s texture and
composition, will generally be best determined by an exami-
nation of the substance itself. But its fertility, or power of
production, may be judged of from its natura.l produce ; in "
part from, the kinds of plants which are pe(,uhar to it, and fn
part fronr the fuxuriance with which they grow.

When we cast the eye over a tract of country, we hdve
generally little difficulty®in determining whether this tract be
barren or fertile. The general aspect of the vegetation, whe-
ther stunted or vigomous, the absence or presence of heaths,
the richness of the sward, the cleanness and straightness of the
stems of trecs, the verdure of the foliage, and the like, prosent’
to the eye a general charaster not readily mlsta](en

* When we observe a tract covered with luxuriant grasses and
other plants, and with vigorous shrubs and trees, we naturally
associate these uppearances with fertility in the soil itself.
When, again, we see a tract of heaths or naked sands, w1th the
plants small or sickly, the soil thinly covered with lichens,
mosses, and other mf&wr plants, the eye alone is suffigient to
indicate that the fract is absolutely or relatively infertile.

The same method of judging of the proauctxveness of the
soil may be extended to a field @ to a farm. Let *us direct
the eye bver it, and lts general character with relation to its
vegetable productlons, will impress us af once with ag idea of
its fertility or barrennes® *

This ®onclusipn, indeed, will not be so securgly arrived at
if the surfaceshe limited to a amgle field, and stjll Tess if that
field shgll be tultivated, in which ¢ase the effects ofart, and
the stimulug of cultlvatlon, may &sgulne the natura}l charac-
ters of the soil. But if the ramge Of our observatipn shall be
so_ &xtended as to take i in a sufficient number of fields And ob-
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jects, as trees, shrubs, hedges, and natural meadows, we shall
scarce\y fail, if the eyd be at all accustomed to country objects,
to arrive at a tolerably correct conclusion as to the géneral, cha-
racter of the soxl with respect to fertility ; and eur conclusions
will b2 yet more satisfactory and prectsé, if we know the par-
ticular kinds of plants which thus give the character of infer-
tility or productiveness to the soil.

Tbe plants the most important in this species of examina-

" tion are the heaths, the grasses, and other herbage plants. In
the vast forests of the New World, a common method resorted
to by settlers for judging of the comparative productiveness
of"soils, is by observing the kind of trees produced, whether
pine, cedar, hickory, or oak. This 4s because the principal
vegetable productions of these countries are wood. But with
us the principal vegetable productions are the heaths, the
grasses, and other plants that form the sward. These may be
‘saideto cover the entire surface of the country when not ex-
tirpated by art; and they afford; accordingly, the readiest
means which vegétable productions present of judging of tlie
properties of soils.

The fertility of soils, generally speaking, is denoted by their
power to yield the useful plants; dnd it is a law, with few
exceptions, that the poorer the soil is, the less nutritious are
the plants which, in its natural state, i¢ produces The soils
of the poorest class produce mosses, hchens, and heaths, which
are less nutritious than the«grasses. As the soil improves in
quality, the grasses become intermixed with the heaths, li-
chens,«and mosses. But the grasses are still inferior and little
nutritiops. As the soil continues to improve, the grasses be-
come more valuable in their kind, and more numerous in their
species ; and in like manner, the leguminous and other herh-
age pla.nts mdwa.te hy their kinds and greater.numbers, the
increasing fertility of the goil. A square foot 6f rich old turf
has been: found to, tantain ‘1000 separate plamts of twerty
distinct species* ; while & square Yoot of siliccous sand will

* Hort. Gram. Wohurnensis. ¢
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frequel.atly contain not more than half & dozen distinet plants,
and those a single species.

In the neérthern latitudes of Eurqpe, the plants most gene-
rally regarded ;s indicative of inferior soils are the heaths.
Some of the species of this family characterize, in & peeuliar
manner, the soils termed peaty. - They, are found, too, abun-
dantly, on the coarser clays or tills, on_ the poorer siliceous
sands, as those lying upon or derived from quartz, on. the
poorer class of calcareous soils as chalk, and generally pn all
soils low in the scale of fertility.

The soils where this kind of plant prevails, are frequently
termed heathx soils or heaths. Heathy sails have, however,
their relative degrees of productiveness, and this is generally
well denoted by the vigour with which the heaths peculiar to
them grow. Thus, a soil of stunted heaths may be regarded
as amongst the lowest in the scale of fertility, whilst a vigo-
rous growth of the plant may indicate a soil susceptiblof
improvement and cultivatious . *

*The principa! heaths of this country are :—

1. Callupa vulgaris—Common Ling ;

2. Erica cinerca—Finc-leaved Heath, indicative of a dry goil :

8. Erica Totralix—Croslcaved Heath, indicative of a wet soil ;
and two other species more rarc and locdT.

L]
Intermixed with heaths, and indicating like them, soilg low
in the scale of fertifity, are numerous plants. Such are :—
1. Many species of Lichens, as—
Cladonia rangiferina—Rein-deer Moss, and
Cetraria islahdica—Iceland"Moss.

Which twd species form an exception to the more com-
mon law, by being nutritive, though produced on in-
ferior soils. ® '

2. E.mpetrumnigmm—Black Crowberry or Crakcberry,
3. Salix fusea—Dwarf Silky Willow. .
4. Lycopodium cla%atumg~Commoyg Club-moss.

o 5. Genistaginglica—Ncedle Greetveed gr Petty-whin, &e.

And mang-of the inferior®grasses, as—

71. Meclica coerules—Purple Mclic-grass.
2, Nardus strlgth—Ma("grass.
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8. Agrostis vulgark—Fine Bont-grass
And various Carices and Junci,—plants of an iuferior kind,
with respect to their nutritive powers.

All these species of pla'mts indicate soils lovy in the scale of

fertility.,

But although pea{y sqils produce these and other inferior
herbage plants, yet there are plants still more distiuctive of
this class of soils, and which, growing only upon it, may be
said to be the true plants of peat. Such are—

1. Certain spe.(':ies of Sphagnum, of which the most cammon are :—
Sphaghum obtusifolium—Blunt-leaved Sphugnum.
Sphagnumacutifolium—Sharp-leaved Sphagnum.
It is by the decay of these gpecies, that the gerat mass of
peat appears to be formed in certain countries.

2. Eleocharis cespitosa—Scaly- -stalkcd Spike-rush.

3. Polytrichum commune—Common Polytrichum.

4. Different species of Eriophorum or Cotton-grass, namely—
Eriophorum vaginatum—Hare’s-tail Cotton-grass.
Enophorum polystachion—¢Broad-leaved Cotton-grass.
Eriophorum angustifolinm—Common Cotton-grass.

5. Narthecium ossifragum—Lancashirc Bog-asphodel, &c.

These and other plants growing only on peat, indicate great
mfert:hty

Another class of plants indicating extreme dryness of the
soil, also consists of plants denoting unert‘lht) Such are—

1. Galium verum— Yellow Bed-straw.
2. Galium saxatile—Bmooth Heath Bed-straw.
8. Campanula rotundlfolm—Rounddeavcd Bcll—ﬂowcr or Hare-
‘bell.
"4, Aira priocox—Early Hair-grass.
+ &. Aira caryophyllea—Silvery Hair-grass.

6. Aira cristata—Crested Hair-grdbs.”
7. Arenaria rubrw—l"urple Sandwort. .
8. Hmracmm lepsella——Common Mousc-car Hawkweed.
9: Linum catharticum—Purging Flax, ¢

10. ,Rumex acemselh—Sbeep s-sorrel,

There isalsoa class of plants winch indicates wetness of the
soil. * These pla.nts however, do.not necessaril y indicate tafer-
tlhty, because, in numerous cases, goils, theugh charged wnth
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moisture, are naturally fertile. Of tife first kind, namely,
those indicating infertility, as well as meisture, the following
are examples : —

1. Juncus Quarrosus—l-leath-msh
2. Juncus acutifloras—Sharp-flowered jointed Rush.
8. Lychnis Flos-Cuculi—Meadow Isychgis or Ragged Robin.
4, Ranunculus Flammula—Lesser Spearwort.
5. Cnicus palustris—Marsh Plume-Thistle.
6. Cardamine pratcnsm—Common Mecadow Lady s-smock.
7. Pingujcula vulgaris—Common Butiérworj. .
8. Pedicularis sylvatica—Pasture Louse-wort or Dwarf Red Rattle.
9. TriglocHin palustre—Marsh Arrow-grass,
10. Galium palustrc—White Water Bed-straw.
11. Rhinanthus Crista-Galli—Common Yellow Rattle.
And various specics of Carex, &ec.

The plants which have been mentioned, indicate infertility
and wetness of the soil : others show that the soil is wet, but
do not necessarily indicate that it is infertile. Such are :-=

1. Agrostis alba—March Bent-grass or Fiorin?
2. Poa fluitans—Floating Mcadow-grass.
3. Poa aquatica—Rced Meadow-grass.
4. Arundo Phragmites—Common Reed.
5. Alopecurus geniculaths—Floating Foxtail_grass.
6. Catabrosa aquatica—Water Whorl-grass.
7. Equisctum arvenge—Com Horsctail ; and other species of Eqm
setum. *
8. Veronica Beecabunga—Brooklime.
9. Polygonum amphibium—Amphfbidhs Persicaria.
10. Stachys palustris—Marsh Woupdwert.
11. Juncus effusus—Soft Rush,
12. Juncus conglom@ratus—Common Rush% and many other r §pe-
cics of plants.,

Certain plants_are held to indicate infertility whe;e they
prevail, mthoui;bemg peculiar gjthef to a,very wet or very dry
situation. Such are :e—

1. Eupl¥sbia officinalis"-Eyebright,

2. Pruhella vulgaris—Sglf-heal.

'3. Aira easpntosm—aTurfy Hair-grass.

4. Triodia dc'gu:nbcns—Decumbent Heath-grass, &c.
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Cgrtam plants mdu*ate o maritime situation.  Such are :—

1. Ammophnla amndmacea—Common Seca-Reed or Mat.-w eed,
2. Carcx arenaria—Sea Carex.
8. Elymus arenarius—Upright Sea Lyme-grass. .
« 4. Tritium junceum—Sea Rushy Whev.t-grass.
5. Statice Armeria—Thrift or Sca Gilliflower, &e.

Various plants are regarded as indicating fertility where
they prevail. Of these are :—
* 1. Cnicns langeolatas—Spear Plime-Thistle.
2. Urtica dioica~Great Nettle.
8. Arctiuin Lappa—Common Burdock.
4. Stellaria me¢dia—Common Chickweed.
5. Achillea Millefolium—Common Yarrow.
And generally speaking, all the richer and more nutritious pas-
ture grasses. Such are :—
1. Dactylis glamerata—Rough focksfoot.
2. Festuca pratensis—Meadow Fescue.
3. Alopccurus pratensis—Meadw Foxtail.
4. Poa triviftis—Rough-stalked Mcadow-grass.
5. Lolium perenne—Rycgrass.
10se who desire to pursue this investigation more in detail,
may consult botanical works, descriptive of the plants of par-
ticular countries or districts, in which they will find the ha-
bitats of plants indicated with more o less correctness. Tt is
not necessary, in the present place, to extend the observa-
tions on ¢his subject ; for.in giving examples of plants, those
have besn selected which are of frequent oceurrence, and the
best suited to indicate the characters of soils in this country.

I ‘shall now conclude the subject of soils, by giving a few
rules for enablmg the student to distinguish soils in-the situa-
tions in whlch they may He presented to him. o

First, then, let him make such usecof tho mdlcatlons af-
forded by the natura)] produce of the soils as his means of in-
formation afford. He may nct kiow the names .of the plants
that are growing naturally upon tHe surface, but he can al-
ways observe whether they are growing with vigour, whether
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the sward is thickly covered with spdies, and whether the
gencral aspect of the part to be exanuned indicates fertility or
poverty. e

A 31ﬂicult), yhxch it will be well that he endeavour, in the
first place, to’ overcome, is to distinguish the peity soilsefrom
the earthy. He will experience little difficulty in this when
they are distinct from each other, and “covered by their na-
tural herbage. But when they are subject to cultivagion,
or intermingled with the earthy soils of the same field, or
when a soil dontains a certath portion of plat i in its composi¢
tion without being entirely peaty, then the eye may be de-
ceived, from their resemblance to the dagk-coloured loams.
The one elass of soils, however, may be of great fertility, and.
the otler of great barrenness : for it is to be observed that,
though peat may be offen rendered fertile, its presence in soils
is always suspicious.

The soils termed peaty, it was before observed, are dark
in their colour, and loose agd spongy in their ttxture, even
when improved by art. The soils which théy most resemble
in external characters are the richer loams, but they are more
light and spongy than these, and their colour is of .a duller
dark than the loams, which approach rather to a hazel hue.
Peaty soils, too, very generally lie on a retefitive subsoil ; but
perhaps the best method of discriminating them.in the ab-
sence of their pecufiar vegetation, is by the stones which lie
upon their surface. These appeax t9 be acted upan by the
acid matter of the peat, and present a white appearance,
which, when once obsérved, will not be easily mistaken again,
Coupling this indicatin with the dull blaek, as dlstmgmshed
from the brighter hazel.of, the loam, and, above all, with the
peculiar wegetation and stexil aspect of the surface, an ob-
scrver will soop fearn to distinguishl the peaty soils"from the
cirthy.

Ip exa&nmmg the carthy soils, # essqntial circumgtance to
be regarded Js, the depth of the soily and the texture of the
subsgil. A medium depth of a soil may be held t0 be from
ten®o twelve inches. But it will be better that it excled a
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‘foot, and this greaterdepth of the soil is always a favourable
indication. If the depth of the soil does not exceed six inches,
that is an unfavourable indication. Such shallow soils are
rarely good, except sometimes when they oceyr resting on pe-
culiay rocks, as compact limestone, and: gertain easxly decom-
posed basalts and porphyries. If a shallow soil shall oceur on
a retentive clay, or on siliceous sand, we may certainly pro-
nounce it to be bad. When in. the common operations of tll-
age the plough is constantly turning up a subsoil very diffe-
tent in colour froi the upper str“atum, at is an’ unfavourable
indication. . '

When we find thé rain in a furrow of ordinary descent carry-
wing off the soil, and leaving the subroil exposed, that is an un-
favourable indication. 'It is desirable to see the watet in the
furrows sink down, and be absorbed, jnstead of carrying off
the surface soil.

df the soil be of a dull black coloul and if it present upon
the surface the white stones aboy: referred to, that is an un-
favourable indication, as it shews that the soil has morc or kesg
of peat in its composition. '

If the soil produce sub-aquatic plants, it 15 wet. If we find
that such a soil is peaty, or shallow on a retentive-subsoil, it is
naturally steril. * If we find that the sub-aquatic plants are tall
and yjgorous, and the soil earthy and f.ecp. the removal of the
wetness may remove the cause of infertility, and such a soil .
may becsme of the richwst kind.

If we find a soil producing naturally the supenor herbage
plants, and of a good depth that soil we may infer to be good.
When goil of this kind tends to a dark' hazel colour, we may
safely reckon it amongst the superior soils.

By attention to these rules, and by a httle observation and
practice, the difficulty of &lscr}mmatmg soxls will gradually be
lessened, o,nd at length djsappear. Thase who have been used
to oounin'y objects ragely e:tpenence difficulty in dlscnmma,tmg
soils, in go far at least as‘'thesp sofis are to be dxstmgmshed by
their ‘texture, into stiff and free, or By their powers of preduc-
tion into rich and poor.



- 1V. MEANS OF INCREASING THE PRODUCTIVE POWERS
OF SOILS.

Tae means at our command of increasing the productive
powers of soils may be comprehended ufider the followmgge-
neral heads :—

1. Supplying to the soil those orgamc and earthy substa.nces
which may, bg required.

2. Altering its texture, depth, and propertles, by tillage and
other means.

8. Changing its relation with respect to moisture.

4. Changing its relation with respect to tempera,t.ure.

Vegetable and animl-matters, in a decomposing state, ap-
pear to act in various ways in Increasing the productive powers
of the soil. They improve 1ts texture, and they may be sup-
poscd to increase its power t3 absorb a.nd reta$n moisture ; but
above all, they supply that matter, wliich, in whatever form
conveyed to the organs of plants, tends to nourish them. This
matter being absorbed by the roots of the plants, it mast be
supplied when cxhausted. -

Experience has in eyery age accordingly taught the hus-
bandman to supply tlrpse ‘substances to the soil ; and the d'omg

®so forms one of the most important means at kis compand of
maintaining or increasing its fertility.

Besides the animal and vegetable ‘matter which is mlxed or
combined With the minqral partf the soil, and is essential to
its productiveness, the mineral parts themselves, it has®béen
seen, require to be mixed” tofether in certain proportions, and
in certain 8tates of division, in orderdo produce tife ereatest
degree of fertlhty

Silica ayd alumina form the pringipal mineral part of the
s0il. oIf one om ether of thesg earths be il excess, the soil is
defective in it$ compositions If the alumina prevail, the soil
is tooaﬂheswe s if the.silu,a. prewail, it is too loose. A medimm
is seen to be the beat ; and although the precise propertions in
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which the alumina and silica should exist have not been deter-
mined, it is safer that there be a tendency to an excess of alu-
mina than of silica. Further, the fertility of the goil depends
on the state of mechanical division of these mmerals

It"wowld appear, then, to be a mean ‘of i improving the com-
position of a-soil, to 3dd #o it siliceous matter when it is found
to be too stiff, and aluminous matter when it is found to be too
looss ; and, further, to reduce these substances to their greatest
degree of mechanical division.

Sometimes, accordingly, we have the means of improving the
constitution of soils, by mixing sand with clay, or clay with
sand. But, in practice, the direct mixing of these two sub-
stances for the purpose of producing a soil of better texture is
rare ; first. because the expense of thisspecies of improvement
is considerable ; and second, because, in.the state in which sand
and clay are usually available for this purpose, it seldom hap-
pens that the aluminous matter of the one, or the siliccous
matter of the other, is in that stgte of minute division which is
favourable to fertility.. .

It is otherwise with the earth lime. This can, in all cases,
be reduced by heat to that state of minute division which is
favourable to the productiveness cf soils ; and hence it can al-
ways be applied with benefit to those soils in which it is want-
ing, @

Lime is sometimes mixed, in its natural state, with alumi-,

nous and siliccous matter. It then forms marl, a substance
which. is frequently applied to soils to improve them. It is
chiafly tb the lighter soils that marl is suited ; for then, not
only is lime supplied, but alumina, which improves the texture
of the soil. 1t is by means of thjs mixture that some of the
greatest lmprovements on siliceous sands that have §aken place
in Europe have begn effécted.
" Thbre are cases in which even calcaneous matter is in excess
in soil>. This occurs eslnecxally in districts where the chalk
formation exists. When the earthy stratum restmg upon the
chalk is very thin, the chalky matier becomes mixed V,Ylth it,
andi being then in excess, forms a: barres soil.
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An obvious method of amending th& oomposntum of asoil of
this kind is by adding any of the other earths, whether silice-
ous qr aluthinous. Ve need not here scruple to apply them,
because the clay is coarse or the sand grigty. , We may add
them in almost any form in which they can be cofveniently
procured ; for the effect will be to ifapreve the domposition of
the soil. ’

There is another case in which, in like manner, siliceous and
aluminous matter may be applied dn'eotly in almost any state
in which they can be found. This is in the case of peat. Here
the vegetable rhatter is in excess, and the gddition accordingly
of any of the earths is an amendment of the®composition of the
soil.

We see, then, that the composition of soils may be improved
by the addition of anienal and vegetable matter, and also, in
many cases, by the addition ef those earths in which they may
be deficient, and, in an especial degree, of lime, which we chn
always apply in the form offninute division est suited to im-
préve the composition of the soil.  Thigis the first of the means
referred to of adding to the productive powers of soils, and will
be considered in detail under the head of Manures, ang other
branches of the managemcht of the farm.

The second mode referred to of increasing the productive
powers of soils, is thaf of altering their texture, deptlyeand

» properties, by tillage and other means.

The mere effoct of that comminutio of the parts of the soil
which it undergoes in the common operations of tillage, ‘is seen
to have a bencficial influence on the productlve powers of the
soil. Whether the soil imbibes from the atmosphere any thing
besides aqueous vapour ér mot, it is known that the exposure
of the matter of the soil to the atmosghere, and thecomminut-
ing of its parts.by tillage, addspermanently to its fertility,
Thus we learn ffom exferienge the effects of tllhng lands
well., Solls oqcg tilled are.rendered for #he. most paft more
productive by he process. Pea,ty turf, if suffered tos remain
in its qriginal state, may contmue to produce nothing but hqa.th
and the most useleys plantb but, if merely ploughegd, and ex-



90] LS.

posed to the mﬂuem,e '$f the atmosphere, it will at once tend
to produce grasses of a  hetter kind, and of greater variety ; and,

agam. if a subsoil of coarse clay be exposed to the atmosphere,
it is genetallrr at frst very unproductlve and-it is not until
after long exposure, that it becomes “productive. This is
most remarkable in tke ciise of clay-marl, a substance in itself
containing the materials of a fertile soil, but which is often
barren, until after pulvcnzatlon and the influence of the at-
;nosphere .

It is, indeed, conformable to analogy, as well as to expe-
rience, that soils should be improved by pulvetization and ex-
posure to the atmésphere. In our examination of the consti-
tuent parts of spils, we have seen that their fertility is in a
great degree indicated by the proportion of minutely divided
earthy matter which they contain. The effect of tillage, there-
fore, may be reasonably supposed to. promote this division, both
by the mechanieal action of our instruments, and by exposing
the particles of the soil to the ac€ion of the air.

Another purpose soinetimes promoted by tillage, and sub-
servient to the amendment of the soil, is the deepening of the
upper, stratum,

The subsoil, it has been seen, is'distinguished from the soil
properly so called, by the former containing less vegetable
and-unimal matter, and so being less sqited to the nourish-
ment of plants ; and in certain cases it is even found to be in- -
jurious to vegetation.® It is geucrally importa.nt, however,
that there be a good dapth of soil ; and thus it is often expe-
dierit for the. effecting of a permanent improvement of the sur-
face, to plough up‘and mix with it a portion of the subsoil,
even though that subsoil should b in itself infertile.

These, then, are the principal mechanica] means by which
e can improve the soil, and they will be considered in de-
tail under the various heads whirh relite to the operations of
tillage.

Another mean, indeed, of’ changmg the compesition of soils,
is .‘nclneratlon, commonly called pam'y and burning.e This
process will be described as connected with the operatiéns of
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tillage, and may be considered as one.df the means possessed
by us of adding to the productiveness oftsoils.

The third mode réferred to of jncreasing the productlve
powers of soils.is changing their relation with respect to mois-
ture.

In warmer countries the soil is camparatively.little injured
by an excess of water, and more frequently suffers from the
insufficiency of it. In climates like that of Britain, howgver,
the operation of conveying away the water which is in gxcess
is an essential one, and, if neglected, the bett-devised scheme
of improvement may fail. The superfluous water is either
stagnant upon the surface, or percolates beJow it. The free-
ing of cultivated land from water upon the surface gives rise
to the fdrmation of land into ridges, by‘which the water escapes
without stagnating upgn the ground or sinking into the sub-
soil below. This is an object necessarily connected with till-
age, and will be described when the manner of cultivatipg
land is treated of.

The freeing of the soil again from that sﬁperﬁuous water
which is contained below the surface, forms a peculiar branch
of agricultural improvement, and will be described under the
head Draining. .

As draining is more required in the colder®countries, so Ir-
rigation, or the watering of land, is less required there than in
, those countries whefe the heat and evaporation are greater.
Irrlgatxon, however, is a curious apdginteresting bganch of
rural economy, derived by us from very ancient times. In this
country it is chiefly employed in the'wafering of lands in grass
during the months of winter and spring, and will be described
when treating of the Mapagement of Grass-Land. t

The*lus{ of the means referred to of increasing the produc-
tive powers of aoi'ls is by chang.mg_the rglatlon vVith respect
to tempera,ture .

Thls mede of addmg to the productive powers of goils, is
less Within ouf Control thad any of the others. It is only by
Slow degrees ‘that we can m!prove the climate of a coulitry. It
is dm’iy by drainings and by the rearing of hedges and wond ;
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all of these, cordmgfy, form unportant objects of rural eco-
nomy, and will be pattially treated of in this work.

The means, then, of adding to the productwe powers of the
soil.—namely, supplying the organic and cagthy substances
which may be required ; altering its tekture, depth and pro-
perty, by mechanical means ; and changing its relation with
respect to moisture,—will all be treated of under the different
divicions of our subject; and we shall begin with that which
is most closely connected with the nature and properties of
soils,—the nature'and properties of those substafices which we
apply to the soil under the name of Manures. .



39

11. MANURES.

Avr substances which, when mixed with the matter of the
soil, tend to fertilize it, are, in common language, ternfed
Manures.

Manures may be composed of animal or vegetahle substances;
or they may Consist of mineral matter ; or they may be derived
partly from mineral and partly from animal and vegetable sub-
stances. They may, therefore be classed,® according to their
origin, irtto— .

1. Animal and Vegetable Manures.
2. Mineral Magaures.
3. Mixed Manures. ,

In describing this class of substances, it is not my designto *
treat of their chemical mode of action. This investigation
forms one of the most interesting parts of the chemistry of
agriculture ; but it is not essential to that practical knowledge
of the subject which will suffice for the common purposes of
the farmer. The remarks*to be made, therefore, on the mode
of action of thesc bodies, will be of a gencral nature. ,

I. ANIMAL AND VEGETABL{*. MANURES.
L]

Chemical analysis shows us, that,all plants, and all the pro--.
ducts of plants, are resolvable jnto a small number of sinple
bodies, in various statcs of combination. “Thesc bodieg are—
carbon, hydrogen, oxygen,eand, in smaller quantity, nitrogen
or azote. o These form the essential constituents of all vegeta-
ble substances. , ,But there.arc likewx.se found in plants, though
in® comparatively minete quantity, gertain other bodics, con-
sistigg cnieﬂx of the four, earths,®silicag Alumina, lime, and
magnesia, of, the oxide of iron, and, in small quagtity, the
oxide, of manganese, gnd of the alkalies, soda, and potassd, but
chiefly the alkali pctassa. ° :
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Now, all these bodide. or the elements of all these bodies,
exist in aninral and vegetable manures ; for these being animal
and vegetable substancés gre resolvable into carbone hydrogen,
oxygen, and mtmgen, with the intermixed W‘hy and other
bodies existing in the living plants. ¢

In supplying, therefore, animal and vegetable substances to

the soil in a decomposmg state. we, in truth, supply the same
substances which enter into the composntwn of the living plants.
Thesg substances, indeed, exist in the dead matter of the ma-
nures, in states of combination different from those in which
they exist in the living vegetable ; but still tbey are present,
and must be believed to supply the matter of nutrition which
the plants in growing require. Scince has made known to
us the truth, that the living plants and the dead manure are
resolvable into the same elementary substances ; but experience
had not the less taught the husbandman in every age, that all
animal and vegetable substances, ‘mixed with the matter of the
soil, tended to fertilize it, by gffording nourishment to the
plants which it produced. .

The simple bodies which form the substarce of manures
exist in various states of combination. Now there is reason to
believé, that, in order that the solid matters, formed by these
simple bodies, nluy be absorbed by the roots of the growing
plants, they must be dissolved in water. The absorbing pores
of the roots of plants are so mmute, that they are only to be
discovered by powerfuloptical instruments. The solid bodies,
therefore, which find then' way into these pores, may reason-
ably. be supposed to be held in sclution by the aqueous fluid
which enters intothe roots of plants, and forms the sap.
Water is apparently the medium by which all the matter of
nutrition, in whatever form, is conveyed into the roots of
plants, and' without whica, accordmgly, vegetation is never
known to take place.

Holdjng this opinion toYe just, the substances which form
vegetable and a.mmal manures, bcfore they can be made avail-
able as nutriment to plants, must bt rendered soluble in water.
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Of the means which Nature emplqyh for this purpose, fer- -
mentation appears to be the chief. By this proeess, the ele-
mentary parts of the substance fermented assume new forms
of combmathtg, and become fitted to supply the matter of nu-
trition to plints in that form in which it can e tepewed by
the pores of the roots. The fermentatwe procesg is completed
after the substance to be used as a manure is mixed with the
matter of the soil; but it is éommon also to cause it to unler-
go a certain degree of fermentation before it is mixed wntu the
earth. This is the method of preparing this class of manures
for use, which js employed in the practice of the farm.

Animal matters decompose with facility*ywhen acted upon by
moisture, and the air, thg greater proportion 6f their elemen-
tary parts making their escape in various forms of gaseous
combination, and leavmg the earths, alkalies, and part of the
carbonaceous matter, rem:unmg

When this decomposition® takes place beneath the surfgpce
of the ground, these gaseous compounds, as well as the carbon,
which, when it combines with oxygen, assum® also the gaseous
state, may be supposed to be partially or wholly retained in
the earth, to afford the matter of nutrition to the plants:

Purely animal substancgs, therefore, which thus readily de-
compose, do not absolutely require fermenéution before they
are mixed with the sofl.  Yet even in the case of purely ani-
mal substances, certain® beneficial consequences may ‘Tesult

from subjecting them to a previous statg of fermentatign. Thus.
the urine of animals, when applued in its recent state to the
soil, is not found to act so benefictally®as a manure,as when a
certain degree of previous ferientation has been produced

And there is another purpose promoted by causing ‘even
pure animal matter to un ergo fermentation, and this is, that,
heing mixed witltvegetable matter,  promotes thehmere speedy
decomposition 'Sf veggtable fibre,

Vegetable fibre is, under ‘certain, &rcumstances, a slowly de-
confposmg subStance. Whgn vegetables are green and full of
juices, they'readily ferment ; but when the stems ar& dried, as
in ghe case of straw and other litter, they decompos. swith
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slowness, and the miting them with animal matter hastens
the putrefactive fermentation. This mixing of animal with ve-
getable matteris the process employed for preparmg <he greater
part of the dung of the farm-yard.

‘The dupg of the farm-yard is the produce of tbe hay, straw,

turnips, and qther substances used as provender or litter upon
the farm. It is collected into one or more yards, and fresh
litter and all other refuse being gdded to the mass, it gradually
a.ccumulates untll it is carried out to the fields for use.
» The mannér of {eeding cattle in their houses and ‘yards will
be afterwards explained. It is sufficient, with relation to the
present sybject, to pbserve, that the larger cattle may either be
fed in stalls in ¢lose honses, or in yards in which they receive
their food. When they 4re fed in close houses, their ddng and
soiled litter are carried to the heap in the yard, where it gra-
dually accumulates ; and when they are fed in the yards, their
dupg, in like manner, accumulates there, being in the mean
time compressed by their treading upon it.

In the practicé of the farm, to be afterwards especially de-
scribed as suited to the cirenmstances of this country, the larger
cattle of different kinds are brought home to their houses and
respective yards before winter. Seme are kept in their stalls
in closc houses, and their dung and soiled litter are carried out
daily to the yards, while others receive, their food in the yards
themselves, and thus tread upon the heip. In this manner
the mass of dung accupulates during the period of feeding,
and at the proper period, in the following spring or summer,
is carried cout to the fields 4nd applied to the land. |

The dung of the farm-yard is thus seen to be a collection of
animal and vegetable substances. It consists of the excre-
ments of the animals kept and fed upon the farm, togethet: with
the straw or other materiais used as litter, and generally of the
réfuse ond offal produced abdut the hopestead. This mixed
mass is collected dering ths period of feeding, when it under-
goes a certain degreé of fermentation. When" trodden by the
feet of the animals kept in the yards, the effect is to exclude
the cxternal air, and to prevent‘the fermextative process i"om
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proceeding with that rapidity which welild take place were the
mass not compressed. .

‘he principal ammal substances which are mlxed with the
Ilgneous ﬁbre gf the *litter, and which cause it to undergo de-
composition, ‘are the dung and urine of the animals.,, .

The properties of this dung, to a pertmn extent, depend up-
on the kind of animals and the nature of their food. The
dung of horses is easily fermented, and is more readily decom-
posable, in proportion to the succulence and nutritive qua.htles
of the food consumed. This also holds with respect to the
dung of oxen., When the animals are fed on straw and the
dried stems of plants, the dung is less riclt and decqguposable
than when they are fed o turnips, oil-cake, and other nourish-
ing food ; and the same thing holds with respect to the dung
of the hog and other animals. The dung of the different feed-
ing animals is mixed in greater or less proportion with their
litter, and the greater the proportion of the animal to the ye-
getable matter, the more rgadily will the latt.er ferment and
decompose.

The urine of the animals, again, is in 1tself a very rich ma-
nure, and contains, in certain states of combination, all the
elements which enter inte the composition of plantse It is
necessarily mixed with, and partly absorbeéby, the litter and
other substances in the yards, and it hastens, in a ‘material
degree, the fermeniation of these substances. -

The urine, however, is apt either, toqmake iés escapg by flow-
ing out of the yards, or to be 1mperfectly mingled with the lit-
ter. It hecomes, theréfore, a part of the ma,nagement of the
farm-y.u'd to provide against &ither of these contmgencles

The farm-yard should be made level at bottom, antl even
paved if ghe subsoil be very loosc and sandy, and the bottom
should be sunk sdmewhat below themsurface of thesground. As
a-portion of the liquig will flow? from, the stables" and foeding-
houses, gutters of stone shéuld be.lhade to convey the liquil
from these irft8 tanks or other reservoirs *adjacent to the yards.
The.same means are to bt taken for conveying awdy any ex-
cess of liquid from %the yards themselves. This is notdome for
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the purpose of drainink,the ya;'ds of moisture, which would be
an error, but for the purpose of preverting any excess of liquid
from being lost. The principal cause which produces a great
flow of liquid from the yards, is an excess of rain, which, fall-
ing upon the heap faster than it can be absorbed washes away
the urine.

Three methods may be adopted for the management of the

liquid which is obtained from the feeding-houses, or which
oozes or is washed off from the mass in the yards.
« 1. It may be pumped from the tank or reserveir into which
it had flowed, conveyed back to the farm-yard, gnd spread over
the surfgge of the heap. In this manner, it will be imbibed
by the litter, and tend to hasten the decomposition “of the
mass ; or, if there be a compost heap upon the farm, the liquid
may be spread upon it so as to be 1mb1bed by it.

2. It may be pumped up when conv enient, and conv eyed in
. barrels to the field, and spread over the surface, a species of
manuring which, under certain circumstances, is exceedingly
efficacious. .

3. In the bottom of the tank or reservoir to which the hquld
is conveyed, may be placed absorbent earths, stems of plants,
and other matters. These being sgturated, will become very
rich manure, and smay either be carried from the tank to the
field, and applied to the ground, or pyt into heaps or com-
posts, until the period of using them'shalk arrive.

Of these methods of applying the excess of liquid from feed- '
ing-houses and yards, the most generally applicablc to the
common practice of farms'in this country, is the conveying
of the liquid back tq the yards, or the sprea.dmg of it over the
surfacé of compost heaps, or other collcctxons of absorbent sub-
stances. In Flanders, where extreme care is bestowed in the
collection antd preparationsof liquid manures, ‘there i is a smaller
proportion of straw and_hay produced on fariis, than in the
Mixed system of agricultdre of Beitain. There is net, there-
fore, so great a propdrtiop of ligngdus fibre to be decompdsed.
The Fletnings, accordingly, pursus the mode of managing
their manure, which the circuntstances paculiar to their‘qgri-
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culture render expedient. They can always ferment sufficiently
the fibrous matter of the heap of their farm-yards, and there-
fore they have always a spare supply of liquid in a separate
state. But in this country, where we aim at producing a
large quantity of hay &nd the cereal grasses, we require ifearly
all the liquid of the feeding animals tq moisten and ferment
the general mass of the farm-yard. .

When the animals of the farm are fed on tolerably rich an
succulent food, and where the proportjon of straw is not too
large, there is no difficulty in fermenting th8 mass of the farm?®
yard to the degree required ; but when tl.le quantity of straw
is very large in proportion to the more moist and succulent food
consumet], as sometimes ®ccurs in the case of clay-land farms
in certdiin districts, then there may be considerabe difficulty
in getting the straw sufficiently fermented and decomposed for
use. This may arise from thg want of moisture, as well as from
a deficiency of animal matter ; and as we may not at the time
have a power of supplying éhe latter, we must endeavour to
keévp the heap moist by soaking it, in-the absence of rain, with
water. But the permanent remedy for this evil is to increase
the quantity of such nourishing food as the farm will produce,
—namely, cabbages, tarcs, clovers, and other succulént and
nutritive plants.

Sometimes, even when there is no extraordinary exgpss of
dry litter, the fermentation of the heap in the yard, after pro-
ceeding to a certain degree, suddenlyestops, by which the ma-
nure is much injured. . This arises from the want of moisture ;
and when it happens it is ofteg very difficult to rendw the fer-
mentation. The best remedy is to turn®over the heap, soak
it with water, and mix it with horse-dung, or any animal offal
that can de obtajned. .

With these gxceptions, the naanakement of thg farm- yard is
not attended with any difficulty. We-have seen that the mass
congists of a cpllection of.tLe excrements®of the animals kept
upon the faym, of the straw? and other substances employed for
litteg, and generally of ::ny refuse or offal produced at the
hoestead ; and_that tifis mixed substance is.accumdlated
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chiefly during the mofiths of winter, undergoing during this
period a certain degree of fermentation and decomposition in
the yards where it lies.

The substance thus collected and pa.rtm]ly vamented is to
be applied to the grounds during the nfonths of spring, sum-
mer, or auturn, immediately following the winter in which it
has been prepared. It should be always applied as soon after
it is prepared as possible, there.being a waste either in retain-
ing it.too long, or in causing it to undergo a greater degree of
fermentation than®is required.

In the process of the putrefactive fermentation, the elements
of the body fermented, in assuming their new forms of combi-
nation, partly make their escape in the gaseous state: In the
fermentation of manures, the decomposition may procedd so far
that the great mass of the substance shall be exhaled, leaving
behind only the earthy and alkaline, and a portion of the car-
bonaceous, matter of which it was composed. In the treatment
of this class of substances, therefore, the putrefactive fermenta-
tion should neither be continued longer, nor carried to a greater
degree than is necessary for the purposes interided.

In practice, our purpose is to produce certain kinds of crops ;
and certain kinds of plants, it is feund, require a greater ac-
tion of manures atiparticular stages of their growth than others.
Thus, the turnip, the carrot, and the bet, which are sown, as
will afterwards be secn, in the early part of summer, require
that the manure*applie¢- shall be in such a state of decomposi-
tion as to act upon and nourish them in the first stages of their
growth; &nd if this be not. so, the crop may entirely fail. In
these, and similar cases, accordmgly, 4 complete preparation
of the farm-yard dung is an essential point of practice.

Certain pla.nts, again, do not require the same strte of de-
composmon of the dung. “Thus the potato requu'(,s less in the
first stages of its growth t tha.n thc ‘tarniy, and hence it is not
necessary to subject the mdaure to be applied to the Same de-
gree of fermentatxon
" In some cases, too, as in the ]zrocess of the summer fallow,
to hé afterwards described. the marfure is“mixed with thesoil
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some time before the seeds of the plafits to be cultivated are
sown. In such a case the manure undergoes the necessary
fermentatlon in the soil itself, and does not require that pre-
vious' preparat,;on which, in the case of the turnip and some
other plants,’is required.

But while no necessity exists for.fermenting.the matter of
the farm-yard beyond the degree requisite for the special pur-
pose intended, it is always a ppint of good praetice to ferment
it to that degree. In order to know when dung is suffiaiently
fermented-for the particular use required, a very little practicé
and observation will suffice. When it is fully fermented, the
long stems of straw which formerly matted it together, arc in
such a state of decomposition, that the pm*ts can be readily
separat®d by afork. It is not necessary in any casg that it be
in that extreme state of decay in which we often see it used
by gardeners, and when it can be cut by a spade like soft earth.
Whenever farm-yard dung has been fermented to this degree,
it has been kept beyond thegroper time. and the management
has been bad.

The mass, we have seen, is collected chiefly during the months
of winter, and will always be ready to be applied to the ground
in the spring, summer, orauntumn immediatcly ensuing ; and
there is no case in which it is advisable to ecp it beyond the
year in which it has been collected.

A common and convement practice is, to carry it out from
the yards where it has been collected ¢o the fleld where it is to
be used, and there to pile it up 11.1 one or more large heaps,
so that if may undergo the further decomposition® required,
before being applicd td the land. Doubtless there is a certain
waste of the volatile mattqr of the dung by this process, but it
is frequegtly convenient in practice that the dung be thus car-
ried to the field,where it is to be usdd, soas to ecgnomlze time
at the season of more-actne la.bour

When? accordmgly, after the dead of yihter, as towards the
end of December, and durmg hard frosts and snows, the men
und working cattle upon the farm cannot be otherwxse em-
ployed, we may begin to cirry out the dung to the fields where
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it is to be used. It is barried out in the carriages of the farm,
into which it'is lifted by large forks to be afterwards described.
This partial carrying out of the dung from the yards proceeds
when occasion offers, or when the state of the wpather prevents
the other. labours of the farm from belng carried on. And
when the feeding cattle are finally removed from the houses
and yards, and turned out to pasture, which, in the north of
Englp.nd is generally by the middle of May, the whole re-
maining dung may either be carried to the fields, or remain
in the yards till required for use. )

The dung, as it is carried out to the fields, is to be laid in
the large heaps, which may be about four and a half or five
feet high, and of such other dimensions as may be couvenient.
When the dung is placéd in these heaps, it is in a sifite very
favourable to further fermentation ; fer it is to be observed,
that in all cases the turning over of the dung, so as to give ac-
cess to the air, causes an increase of fermentation, and this is
the method adopted by farmers ard gardeners when they wish
to give a greater degree of fermentation to any heap. Shotild
the dung in these large heaps not ferment tothe degree required,
they are to be turned over, and formed into new heaps, the
upper part being placed below, an& what was before below at
the top., By this™means the fermentative process will be re-
newed; and should this turning not be fofmd sufficient, the heaps
must be again turned over, so that the\ may be brought to the
degree of.decompositionrequired. The large heaps of this kind
should not be placed in a very exposed situation, so as to be too
much. acted upon by winds’; and it is a good precavtion, and
a necessary one in very warm ‘countriet, to face up the sides
with a'little earth or turf, and to strew some carth upon the
top, soasto prevent the escape of decoinposing matter. When
it is wished to hasten the putrefactlve process, in these hea.ps,
it is better that they be not compressedlby the ccarriages going
upon them to unlead ; bt where there is no pechliar, ne-
cessity for hastening the putrefactlve process, ‘the camages
and beasts of draught can go upon the heap withoyt in-
juryt When peculiar care is required, as w'hen the dung” has
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been imperfectly fermented in the yards, it should be spread
over the heap in layers, so that one layer may undergo a slight
fermentation, befores it is compressdd by that which is to be
placed abovedf. .

The mass may be also turned over in the yards where it
lics, and allowed to ferment before it %is carried out to the
fields for use. In this case the workmen begin at one side of
the heap, and with large forks'turn it over, laying that which
was before uppermost underneath, so as‘that,the whole n;a.y be.
reversed. If after this process of turning, no treading of cat-
tle is allowed, the fermentation of the mass will proceed with

* rapidity, and then the whole may be carried oat at once from
the yar(L s to the fields for use. This method will not only in
certain cases be the most convenient, but will save some of
that waste of the volfitile matter of the heap, which takes
place under the other systent.

Where the dung produced is very rich and well decomposed
as where cattle have been fetding in stalls ommjuicy and nutri-
tive food, it may not appear to rcqun'e “this turning over to fit
itfor use ; yet even in such a case it is generally beneficial that
it be turned over-at least gnce before being used, theseffect
being to ferment the mass not only sufficiently.but equally, and
to mix its different pargs together. It may be observed also,
that when the mass. of fegetable and animal substancés is
® thrown into # common yard, some care shouldebe bestowed in
spreading it equally, so that one part of the yard may not be
filled with rich dung, and another*with poor. The dung of
horses, for’example, is more susteptible of guick fermentation
than that of oxen. When the stable, therefore, opens upon a
common )ard the horse-duflg should not be suffered to accu-
mulate in. 3 mass about the stable, bug spread abroad wpon the
geyeral heap.

Farm-ygrd dung is chiefly appliel to the soil by being
spreall upon the land when in tillage, #fd covered By the
plough. The periods at which this is done, and the Ynanner
of dojty it, will be afterwards pointed out. By being covesed
hy the ef,rth, the dung soon passes thro:;gh its course of fer-

D
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me&tatmn, and becomes deeomposed and mixed with the mat-
ter of the soil.

This valuable substancé must be econemised in the manner
of applying it. The soil must be kept as rich ¥ the means at
the farmer’s command will allow ; but 1t is an error in prac-
tice to saturate it at vne ‘time with maunures, and to withheld
them at another. They ought rather to be applied in limited
quant:ty and frequently, so as’ to maintain a uniform or in-
«creasing fertility in the soil.

The produce ¢ of the farm-yard will necessanly afford the
chief part of the manure consumed upon farnis which do not
possess extraneous sources of supply But besides the pro-
duce of the farm-yard, here are certain vegetable and animal
substance$ which in their separate states may be applled to the
manuring of land. An example of the application of vegetable
substances in this state, is, when certain plants are allowed tp
come into flower, and are then ploughed down in their green
state, and mixed with the mattef of the soil. Thls is a prac-
tice derived from very ancient times, and is_yet followed in
Italy, and other parts of Europe.

V. egetable matter, when thus covered by the soil inits green
and succulent gtate, readily undergoes decomposition, and
forms ‘@ very enriching substance. 'llw practice, however,
is ciueﬂv suited to the warmer countries where vegetation is
rapid. In colder countries, where we arc able to raise green'
food of any kind, it m‘befter that we apply it in the first place
to the fegdmg of animals; for then it not only yields manure,
but performs the no less impastant purpose of afforlling food.

When, however, the practice is for any reason adopted, the.
period at which the plants may®be ploughed down is when
they hare«come into floyer, for then they eontain the largest
quantity ofireadily soluble matter, and have the least exhaust-
ed the nutrient substance of the soil." The* plantg omplo_yed
for thi$ purpose by‘ the, anments were chieflydthe leguntinous, »
as the Lupine, which is ‘still used in Italy for the same purpose.
Byckwheat is also employed, and appears to be the plaxlt best
suitodt for the practice in northern countries, for it is easnlv
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eultivated, and soon arrives at the n.ecessary mmturity, «For
the same reason, Spurry has also been cultivated, but its pro-
duceis too small to Yender it well 8uited to the purpose ; nay,
the clovers ha%e becg thus employed at the suggestion of spe-
culative writers even'in England, and thus the error has been
commiitted of employing a valuable artitle as a manure, which
might have been employed i in the first place in supportmg the
animals of the farm.

The leaveg of trees also form a vegbtable mdnure, fhough
not a good one; for although leaves enrich, to a certain de-
gree, the surface upon which they fall and decay, they will
rarely repay the expense of collecting them expressly for ma-
nuring Jand. When the leaves of trees have fallen, their more
soluble parts have been lost, and there remains littl€ more than
ligneous fibre with a Proportion of siliceous earth.

The roots of plants disentraged from the seil in the process ,
of tilling and cleaning it, are also employed- as a vegetable
manure. Some of these, however, as theﬂoou(,h-grass, being
vcry vivacious, would readily spring again ; and therefore it is
necessary that their vegetative powers be destroyed, which
may be done by mixing them with lime, and forming dn this
way a compost. Many farmers, however, § save time, or to
prevent the risk of thg plants springing again, burn them in
little heaps upon the g:dund at the time of thehr'being collect-
ed, and spread the ashes upon the surface. This may be some-
times convenient, but the effect is, that the prmclpal nutritive
part of the plant is dissipated, and ndthing left bug the _car-
bonaceous, earthy, and other mtatter. .

But the principal vegetable substances employed as thahure
in their separate state, are'rape-cake, oil-cake, malt-dust, sea-
weed, peat or tarf in a decomposigg state, and the ashes of
sgveral plants .

Rape-gake is the husk and refusg 8f the geed of the Tape, af-
ter the oil has been oxpressed. It ig redliced to a coalse pow-
der, and in Yhis state it is scattered upon the surface #nd light-
ly cgvered, when it* attrgcts moisture, and readily deeom-
“poses. _ It is sometimes strewed upon_young clovers, or it is
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sown with turnips and similar plants at the same time with
the seeds, or it is spread upon the tilled surface of any land
before the seeds are sown.’ The quantity*that may be applied
is 10.0r 12 cwt. to the acre, and sometimes a sthiller quantity
is used. As it readily attracts moisture and is decomposed,
it should be kept dry, and used in its recent state. It is bet-
ter suited to land which is clayey and somewhat moist, than to
that which is very dry and light.

~» With the Flemings this substance is a favourite manure, and
they use also for the same purpose the refuse of the poppy-sced
after the oil has been expressed from it. They apply these
substances in larger quantity.than is practised in England.
They dissolve also the rape-cake in urine, and thug form a
manure of the richest kind.

Oil-cake is a similar substance, being the produce of the
. sced of the flax after the expression of the oil. It forms like-
wise a very rich manure, but it is too valuable to be muchused
for that purpose. * It is employed, as we shall afterwards sec,
for the feeding of animals. In North Aneriga the seeds of
the cotton plant have been recently applied to the manuring of
land, 2ad found to be amongst the most fertilizing of this class
of substances. -

Malt-dust is used for feeding, but it is employed also as a
manire. Tt consists of the radicle of ‘the seed rubbed from the
grain after malting. It is employed at the rate of from 40 to
60 bushels to the acre.

Sea-weed, consisting of different species of Fucus and other
marine plants, is greatly used” upon the sea-coasts of Great
Britain and Ireland as a manure. 1t is very transient in its
effects, but it is nevertheless of much value in situations where
it can be'obtained. Thewnost convenient m&thod of using it,
is"to convey“it directly to the land, and app)'y it fresh as a
top-dressing to the growihg cropst If left in a heap by itself,
its more soluble par%s are exhaled; and a dr, y"ﬂbrous matter
alone rethains, “If it is not applied, therefore, ini its recent
state, it should be formed into # compost with dung, or Witha
mixture of dung and carth.
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It is more valuable for light and dry soils, and of less com-
parative value for the stiffer clays ; and hence, when a farm
has sccess to it, iteis better to dpply the- sea-weed. to the
lighter, andstBe dung to the stiffer, soils upon the farm.,

Sea-weed may be also burned, and its ashes applied to the
soil. In this way it is largely used in Jersey'and the other
islands of the Channel. ’

Peat is a substance which’ may be used as a manuré, but
unless freed of its peculiar principles it mygy remain for years
exposed to water and air without undergoing decomposition,
in which state’it can afford no nourishment to plants. Pure
peat, therefore, should be made to undergo decomposition be-
fore it is applied to the soil. This may be done by long
exposnre to the air, or by mixing it with quickMme, which
decomposes  its woody fibre, and forms a kind of compost,
which, however, is not greatly valued.

The woody fibre of peat may be better decomposed by mix-
ing it with dung or any anifial matter. Fom this purpose, the
peat may be carried dircetly to the fari-yard, and spread upon
the heap of dung. f0 as to be mixed equally with it. This §s
the most casy method of decomposmg peat ; but care i to be
taken not to supply it in o large a quantjty as to injure the
quality of the manurg. Peat may be decomposed,” too, by
mixing it in alternate layers with fresh dung in a fermenting
state, the peat being first partially freed of its mo:sture by |
being for some time exposed to the’ir. The quantlty of dung
should be nearly equal 4o that of the peat ; and when the fer-
mentatioit has arrived, at the degrce of blood-heat, the iass
should be turned over and formed into another heap ;-and
this should in like manner Be turned before being used. This
species of compest, however, often, disappoints expectation,
perhaps from the peat still rctaim'ng some principles unfavous-
able to vegetatlon. *

The ashes of wood, n.nd-all vcgetab]eef may be used as ma-
nure ; but she effects of these are for the most partenot very
great By burmng the plantg, the carbonaceous and alkgline
matfer indeed retpains, but the other enriching parts of the
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substance are expelled. " In Holland and the Low Countries,
the ashes of peat arc extensively employed ; but the peculiar
value of these ashes appesrs to be derived from mineral im-
pregnation. The most valued of them, are tiken from the
low marshes of Holland, wlmh are covered during the winter
season with brackish ‘water, and they are accordingly much
impregnated with saline matter. They are sown upon the
surface of growing crops of different kinds; but they are
found ‘of peculiar gfficacy in promoting the growth of clover,
upon the leaves of which they are strewed. They are carried
far into the interior for this purpose. Someé ashes, too, in
England possess similar properties : but from the effects being
evidently due to the saline matters with which they are mixed,
they are rither to be regarded as mmeral than as vegetable
manures.

Of animal substances employed as manures, mention has
been made of dung and urine. The first is generally mixed
with ligneous fikre, and so in the common practice of this
country is the latter, though urine, it has been said, may ‘be
applied in its separate state. Taking into acconnt however,
the ganeral economy of stock and the farm-yard in this coun-
try, it is not paghaps expedient that we should adopt the
practicé to any great extent : yet when any liquid manure, the
excess of the cow-houses and stables, is obtained, it may be
conveniently applied to grass land which is to be cut for hay
or green forage.

Of excrementitious'anitnal matter, applied in its unmixed
state, one of the most useful ‘is night.soil, a substdnce which
is very liable to decompose. It abounds in matters composed
of carbon, hydrogen, oxygen, and nitrogen, and whether re-
cent or fermented, suppligs abundantly the feod of plants. In
Flandgrs and all parts of the Low (‘ounmes, the attention paid
to nq,ht-soxl as a manure s very @great, and if is employed in
different states of fct‘mentatlon according to the-crops to which
it is to ke applied. ' '

The dlsagreea.ble odour of this substange may be destroyed
by mixing. it with quicklime. When it is, exposed to the at-
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mosphere, and the layers are strewed®over with lime, it soon
dries, and in this state is easily pulverized. It then forms one
of that valhable class of manures which may, be deposited in
the ground ag the same time with the seed.*

Of excrementitious animal matter, too, the dung of birds iy

a powerful manure, though usually ébtained in quantities too
small to render it an object of much importance. The most
generally employed is that of pigeons and domestic fowls. It
should be spread upon the surface of land in tillage, and skghtl y
covered. It may be reduced also to powder, and applied in’
this state in different ways.

Besides the dung of animals, their ﬂesh’and intestines are
sometimés used for mantires. These substances undergo a
rapid detomposition when in contact with the air, and should
therefore be covered by the soil before their particles have
been lost by evaporation ; o they may be mixed with earthy
substances and formed into a compost. This last is generally
the preferable practice with regard to thgm, because they
thus act in fertilizing a large quantity of matter with which
they are mixed. The refusc of the shambles furnishes the
largest supply of this kind of manure, and it is always Lliighly
valuable where it can beobtained. When animals die from
accident or disease, the_) should never be left exposed, but be
covered with earth, wiiich they will soon impregnate withsolu-
ble matter. The disagreeable efiluvia of such substances may
be lessened or removed by a mixture 8f quicklime. *

Fish forms a very pqwcrful mawire., 1t may sometimes be
procured in consider .xh}e quantidy in the neighbourhood of fish-
ing stations. It is gencrally best to mix it with earth,in the
form of a compost. Sometimes herrings have been obtained
in such qfantity that they have been used in this panner, and
sometimes freslewater fishes in ghe Shallows of fegny countmes
are obtmnml irf sufficint quantity to,be so employed ; ind no-
thing can exgeed the ruhuess of this kind®of manures

Blubber may be employgd very beheficially as a mgnure ; it

. Agﬁ(’lﬂtl:“h Chemistfy, by Sir Humphrey Davy.
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should always he mixed with earthy or peaty matter, and form-
ed into a compost.

The refuse of the various manufactures in whicli skin, wool,
and other animal substances are used, forms mengre of various
quality, according to the substances employed and the nature
of the manufacture ; such' are the refuse of the currier, the offal
of the gluemaker, and various others unnecessary to be parti-
cularized.

A very 1mportxmt apimal manure is bones. These are now
used in large quantities in certain districts of this country.
They had been ‘lopg used in the neighhourhvod of l.omlon,
after having been’ broken down and boiled for grease. But
since their more general extension ns a manure, they are ap-
plied in their raw state, and form an article of corisiderable
importation from other countries. The bones are ground, or
rather they are bruised, and rednced to a coarse powder, by
being passed betwcen cylinders of a peculiar construction.
Bone-mills for this purpose, drivea by horse-power, steam, or
water, are now in comitnon use in England and Scotland. °

Bone is composed of earthy salts, chiefly phosphate of lime,
with gome carbonate of lime and phosphate of magnesia, and
about one-half of animal matter. But there is reason to infer,
that it is owing to the phosphate of llme that this substance
owesrits peculiar properties as a manaure.

Bones may be applled in several ways to the ground. They
may be spread upon it ‘y ‘che hand, or by machines construct-
ed for the purpose, or by apparatus attached to certain sowing.-
machines. When deposited at the same time with vhe sewds,
in the-manner to be afterwards explained, the quantity may
be 2 quarters to the acre. '

Bones, may be also formed into composts with eurths, and
thus allowed to ferment in the heap. When placed in a mass
by themselv es, thev speee‘lly fermgnt ; and it § the opinion of
many, that they are uupenor as a manure whep ‘they have un-
dergone a previous fernentation. This may be supposed to be
hecause-they are then in a decomposing state, and so fitved to
act more immediately upon the plants. But when they are
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veduced by grinding to a coarse powder, which. they always
should be, there is no necessity for subjccting them to any
other ferméntation than that whicke thev will undergo in the
soil itself.

Bones are less beneficial when applied to clay lands than to
lighter soils, and in wet seasons thah im dry. Although the
(uantity of the material employed is very small, it is not quick-
ly exhausted, but extends its influence to future seasons.” For
the pl'odm,tmn of a single crop, an moreuse beyend a certain,
quantity is not found to be attended with any benefit; so that
a small quantity is frequently scen to be applled with equal
adv. antage as a large. .

Horn i% a substance of *similar properties, and equally effi-
cient as & manure ; but it is obtained in very limited quantity,
and its general importance is therefore greatly inferior to that
of bones. .

Hair and feathers are similar in their composition to horh,
but they are of little importfnee, from the ligrited quantity in
which they can be obtained. They ar8 also slowly decompos-
able.  They aré of the class of manures which may be applied
to trees, which reguire a slow and not a rapid action.

Woollen substances are also of the same ghemical comnpasi-
tion as those that haw been last mentioned. They 6nly he-
come soluble, however, afser a considerable time. Nevertheless,
woollen rags form a good and lasting manure, They are to be
cut in small pieces, and then spreatl tpon the surface of the
ground and covered.  They ure used dn the hop distiicts for
the manwding of that plant The Genoese pick up With Gare
in the south of France all remains of wooflen stuff, that they
may cause them to rot at tRe foot of their olive-trees. In like
manner, i® countries where the illl\ manufactures gxist, the
inhabitants revive the mulberry ynd “ther plants by spreading
at their roots tie remdins of,the sxllmvorm

But it 1s ngf, necessary £o spcui) al #he substance} which
can be employed as manwgs. The faw is of generaleapplica-
tion, that all animalaad vegetpble substances can be used, for
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this purpose ; and the province of the farmer therefore is sedu-
lously to collect every substance of this nature which comes
within his reach, and if it:does not admit of beneficial applica-
tion in its separate state, to form it mto a conippst, or mingle
it with the general mass collected in the farm-yard.
Sometimes animal anahure is made to be supplied by keep-
ing animals for a time on the same piece of ground, that their
excrementitious matter may fail upon or be absorbed by the
soil. * This gives rise to the practice of folding, which consists
in penning flocks ‘of sheep, chiefly during the night, on a small
space of ground.” The pens are from time to*time shifted, so
that, in the course of the scason, a considerable quantity of
ground is successively manured. The practice is carried to a
most injurious extent in some of the southern counti€s in Kng-
land, where the sheep are driven to ahe fallow-ground, and
penned upon it for the purpose of manuring it. The animals
ate even made to travel a considerable distance to the fold ;
and certain bregds are valued fér their power to stand this
rude treatment. . '
Where such a system prevails, we may rest assured that the
farmers are ignorant of the art of collecting and preparving
manures. It is the wasteful mantier of applying manures, by
spreadimg them on the surfuce of grass land, which prevails
ovemthe greater part of England, that produces in any case
the want of this substance. Undera system of good husband-
ry, it is in all cases practicuble so to adapt the manner of
cultwa.txon to the nature ¢f the soil and other cirecumnstances,
that the farm shall possess the means of maintainkag its own
fertility Ly the creation of manures. And the fac ility in doing
so is increased in an almost unlimited degree, when extrancous
manures, cau be obtained, as must every where be the caseina
sich and clesely inhabited cpuntry. No neeessity can exist,
therefore, in any one cultivated distriét of tlfis ]\mg,dom, for
such a ‘practice as the foltfmg of sheep on araple land, werely

for the purpose of manuring it.
In many parts of the Continent, indged, from the want of
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enclosures, and the danger from wolves; the sheep are necessa-
rily penned durmg the night. In other parts, where the chief
attention is'directed to the wool, and the animals are defend-
ed from the wgtther in houses and sheds, a considerable quan-
tity of manure is obtained from sheep. But in England, there
is no want of enclosures, nor hazard’ frem wild animals, and
the feeder never finds it for his interest to sacrifice the fattening
qualities of the animal for the wovol it produces ; and, therefore,
in all cases, the sheep ought to be suffesed to pasture at darge,

and undisturbed. The exceptions are where they are penned.

on turnips and $imilar crops, for the purpoge of consuming the
plants upon the ground. Here, indeed, the’sheep manure the
soil in an 1mportant manner ; but this, is not the purpose of
penning, “but a consequence of it.

11. MINERAL MANURES.

The mineral substances wifich are employeg as manures may
be supposed to exert two modes of actibn.

1. They may act upon the soil by improving its texture, or
by rendering soluble the parts of it which are insoluble ; jor by
otherwise fitting it to promote the growth of plants.

2. They may act immediately upon the plant itself, by being
received into its substance. o

The manner in which this action takes Jlace upon the
organs of the plant may elude our obsetvation ; but tRis much
may be admitted, that certain earshs, oxides, and alkdhes. or
carths, oxMes, and alkalies, combined with '\clds, pass into“the
sabstance of the plant, absorbed, it may be, in part, frem the
atmosphere, but chiefly, alng with the aqueous portion of
the sap. ffom the carth in which the roots are fixed. Some
substances takeh up m this latter mode, arc knawn to act as
poisons, whlle cthers X exereisg a beneﬁcml actlon on the plant.

Wa cannot g ggnerally distinguish when .’ mineral sitbstance
acts upon the plant, through the medium of a change in the
soil, or when it acts.darectly upon the plant itself. All that we
trulv know is, that,certain earthy and alkaline bodigs, or their
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saline combinations, applicd to the soil; promote the growth of
plants, and so, in the language of farmers, are manures,

Of all the mineral swhstances known to us, Time s that
which performs the most important part in impgoving the soil
n.nd'pmmoting the growth of vegetables. Lime is found in
nearly all soils that ace cdapable of sustaining vegetation, and,
in combination with difterent acids, in nearly all vegetable sub-
stances. :

Lime, as employed -in agriculture and the arts, is derived
from three distinet series or orders of rocks.

1. From the ro¢ks of the primary series. “These are very
compact and crystalline. They afford the finest of our mar- -
bles, and yield a pure ljme. " '

2. From the lower secondary or transition rocks. These.
like the last, are hard and crystalline, &nd yield a lime of good
quality.
* 8. From the carboniferous rocks, or those of the middle se-
condary order. ¢It is from this Source that the largest sup-
plies of the mineral are derived. Of this series is the moun-
tain-limestone, which is the most familiar to us. and the most
genewally employed in agriculture and the arts.

4. From the ypper secondary rocks. Tn this series is the
magnesian limestone, which, from its lumsessin;; peculiar pro-
perties, to be afterwards adverted 4o, is termed hot-lime, by

L

agriculturists. ‘
Of the same order of rdcks, too, namely, the upper second-

‘ary, are the lias and oolite, which are found in some parts of
England, and the lime of which is employed for dgricultural
purposes.

The last of the serics of the upper secondary rocks is the
chalk, which is found abpndantly in the south-east tounties of
England, ard in France, extending eastward through the cen-
tral parts of Europe.  *

Limestone, from tvhatever series of rocks derived, when sub-
mitted £o the action of heat, loses the carbonic acid with which
it was united, becomes a substance of an acrid nature, absorbs
water with an evolution of heat, and, by this union, formé what
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is termed a hydrate. In absorbing water, it crumbles down
by degrces, while at the same time it begins to imbibe carbo-
nic acid from the atmosphere.  In absorbing carbonic acid, the
water of the Wylrate i§ expelled, the carbonic acid taking its
place. In this manner the lime recovers the principles which
it had lost by calcination. It becomes ‘aga#in a carbonate, with-
out, however, having recovered its hardness and external cha-
racters.  In proportion as its redomposition takes place, it loses
the properties which it had acquired by-utlcuwtwn, ceases to
be acrid and caustic, and its solability in water is diminished.

Lime is applicd to the ground either in a state of hydrate,

“that is, im.mcdiutcly after Peing slacked, and when it still re-
tains its caustic properties; or in the state of carhonate, that
is, after it lms again absorbed carbonic acid from the furround-
ing medium and hecomd mild. .

When the design is to supply calearcous matter to a soil i in_
which it is deficient, it often appears to be unimportant whe-
ther it is applied as a carbondte or a h)dm,to. In the latter
state. however, it is more perfectly divided, and may be spread
more equally upon the surface, and better mingled with the
soil ; and further, in its caustic state, it produces effects vahich
it either does not produce in its mild state, g which lt pro-
duces in a less degree.

Lime. in its caustic statd, is observed to exercise a powéMul
fiction in decomposing the ligneous p(uts. of plagts.  The same
cffect is indeed produced by the action of mild lime, but in a
less puwc]mhlv degree.- e .

Caustic Ifne, while it-dissolves% egetable fire, and remlor;it
-soluble, has also the ])l'()llclt\’ of forming compounds of a Suzipy
natare w 1tll the soluble portfon of vegetable and animal sub-
stances, which confpounds are not dissolved till after e consi-
dergble time. ’

Caustic Jme thus per foris swo fungtions apparently opposed
to cacB other. olé decomposes the inert, vegttable matter of the
soil, and then*forms compowhids which are not themselfes rea-
dily sqluble.
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growing. This practice, however, though sumetimes conve-
nient, is rarely to be imitated.

4. It may be, and is most frequently, applied 'durimg the
season in,which the land is in fallow,.or in ‘preparation for
what are termed fallow crops. The manner of applying it in
these cases will be aferwards explained.

5. It may be mixed with carthy matter, particularly with
that wntaining vegetable renfains ; in this case it forms a
compost * .

The quantity of lime applied to soils is \(,ry various, and is
dependent upon the nature of the soils, the clinate, and other
circumstances.. 1h warmer countries, a smaller quantity need -
be used than in those which are cold and humid.

The stiff clays for the most part require a larger proportion
of it than the lighter soils ; and in the ¢ase of such soils as con-
tain much undecomposed vegetable matter, as peat, a quantity
should be applied sufficient to decompose effectually the inert
fibre. o .

In the north of England and south of Scotland, a moderate
application of lime for the lighter soils is held to be 120 bushels
heaped measure, and a medium dos¢ for svils of different kinds
about 130 bushely, though a much larger quantity than this is
frequently applied in certain clay-land districts. I speak here
of néwly-calcined limestone ; for avhén it has imbibed moisture
and become a hydrate, it swells out to about two times its for-
mer bulk. '

The ‘periods at which doses of lime should be repeated, dif-
fcr according to the quantity applied and the manuer of using

*1h cases where the large applications just spoken of are
ma.dc, an cffectual liming need not occur in less than fourteen
or fifteen ytars.

-« Butin other cases, lime istapplied in small'er quantity, and
more frequentl), and tkere is not}ung opposed to a sound
theory in this practl&e .Nay, there is reasondeo infer that a
more fréquent application of lime,%nd in swmallé quantity, is

thesmost advantageous methodof ysingsite
The application of lime calls into powerful action the nutri-
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trient principles of the soil; and hence, if land be severely crop-
ped after lime has been used, it is reduced to a greater state
of stegility than if the stimulant had not been applied. Lime,
therefore, ca.l;:ﬂated as it is to produce the best,effects in, fer-
tilizing a soil, is frequontl) made the means, in the hands of
an injudicious farmer, to injure it. ‘Thi is espetially observ-
able in the case of light soils of an inferior kind. These are
frequently so injured by injudicious cropping after the appli-
cation of lime, that they arc reduced to-a state of the greatest
barrenness. When soils are brought to ‘this condition by
scourging crops; they cannot be restored tg fertility by a sub-

« sequent application of lime. So far from this,.the future dose
generally’renders them nfore barren ghan before. The only
good remedies are the application of vegetable aad animal
manures, and rest in geass.

But although the stimulating properties of 'lime may be
abused, it is an instrument of production of the highest import=
ance in the hands of the skifful farmer. Qg land improved
and cultivated for the first time, it exdrcises a very powerful
influence, and it'is difficult to conceive how in many parts such
land could be improved at all without the assistance of this
mineral. v

Lime is found to imp‘rovc the quality of plants produced, to

render those cultivated mere productive of farine mattergaand
'even to cause species that were not before growing u.xturully
to occupy the ground. Thus, lime’ spread upon a pxe(,e of
peaty land, is frequently found to eradicate in whole or in part
the heaths,sand to permit the grasses and dovers to take thir
place.

Whenever it is found advésable to decpen a soil by plough-
ing up a portion of the subsoil, the ayphcatlon of limg is the
most speedy means presented to s of correcting ¢he defects,
or Stimulating the productive powers, of the new substance
exposed.

To admit Qf‘-tl.le beneficia} action of lime, the soil stwuld be
freed of superfluous wyter. Not lime only, but all manurgs,

E
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are inefficient when thé land is saturated in consequence of
excess of wetness.

Lime, it has been said; may be mixed with ?aﬁhy matt:er
previously to being applied to the soil ; and this)s. a beneficial
practice. The lime in this case, is best applicd in its unslacked
state.

The best earthy materials for mixing with lime are those

which contain a certain propcrtion of decomposing organic

. matter ; such are the scourings of ditches, the sediment of
pools, mud deposited by rivers and the tides, and similar sub-
stances. The lime may be applied at the rate of 2 bushels to
the cubic yard, and 50 cubic yards of this mixture to the acre,
will form an efficient manuring for almost any soil.

Materials for forming manures of this class are constantly
presenting themselves. Old gardens, waste collections of earth,
the sweepings of roads, and the like, are always to be found in
inore or less quantity. A mixture of lime in the proportivn
mentioned, will ferment these stbstances even when they are
not peculiarly abundunt in organic matter. The mass will
heat, and then it should be turned over once or oftener to
rendgr the fermentation perfect, and destroy the seeds of plants
which may be mingled with the substances to be fermented.

Of the rocks from which lime is derived, one of the upper
secemdary tormation is the magnesianf It is so termed from
containing a considerable proportion of magnesian earth, and:
is distidguished from dther limestones by the effects of this sub-
stance. When the magnesia exists in a large proportion, it is
found to be injurious to growing plants ; and it is-not until it
is combined with carbonic acid, that 1t becomes a useful con-
stituent part of the soil. Now, when magnesian earth is uni-
ted with lime in the minerals which form this class of rocks,

.and when both substances aye consequently calcined together,
the lime having a stronger affinity for tarbonte acid than mag-
nesia,’ the magnekia remains longer uncombined With it than
the lige. In this state’it is found, to burn up as.it were vege-
tation. Hence it is ‘termed Jot limg, and is used in much
smaller «uantity than common lime.
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Magnesian limestones are usually coloured brown or yellow.
They differ from other limestones by dissolving more slowly,
and with feebler efferVescence, when' thrown in the lump into
acids, Theymay be distinguished by this circumstance, and
by their rendering diluted nitric acid milky. The presence of
magnesia in soils may be known by the fvaters upon the sur-
face, which are of a whitish colour, and which lose their trah-
sparency upon the slightest agitation.

Lime, besidgs bemg used in the form’of a hydltte or carbo-
nate, is employed in agriculture in its other combinations;
one of which is the sulphate of lime or gypsum.

This substance exists in soils, and is found im plants; and it
is consequently supplied by our common vegetable manures.
It is not, however, employed directly in any considerdble quan-
tity in this country, the success of the applications that have
been made having been partizﬂ and indecisive. This, there i is
reason to believe, has arisen from the salt existing already i in
the soils to which it had been applied, in sufficient abundance
for the purposes of vegetation.  In other countries, it is greatly
valued in certain cases as a manure, and chicfly in the case of
the clovers of artificial meagows. -

Gypsum, it has been said, is a compound gf sulphuric acid
and lime; and it contaigs a quantity of water of erystalliZation.
A moderate heat deprives®it of this water, and it may theft be
‘reduced to powder, and applied in that_ state o the soil. It
may be employed, either after having undern'one this process
of gentle calcination, or in its raw state® but it is better that
it be calcined. i

The quantity applied in the countries where it isused'is
very small, being at the rate 8f about 3 cwt. to the acre. It is
sown by thé hand,’at the time when ghe leaves of the.clovers
and, other plants begin {0 cover the surface ; and the operation.
is performgd, if posmble, duning slight showery weather, it
being beneficialsghat the leaves should pe sotewhat moistened,
80 as to retairf b portion of the dust. The effect of thi® slight
apphcatlon is felt forsovera] yegrs.

Gypsum, though ot directly applied to the soil in-auy con~
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siderable quantity in this country, is yet indirectly applied in
all our common animal and vegetable manures. Certain peat-
ashes, too, owe their properties to the presence of this salt ; and
they are accordingly applied with good effect in fie top-dressing
of artificial meadows.

Lime is also found'in combination with phosphoric acid, and
exists in this state in most excrementitious substances, in the
straw, and seeds of the cereal g'rasses, as well as'in pease, and
other leguminous plants. It is also applied directly as we
have seen, in the state of bruised bones, in which case, as in
that of gypsum,  very small quantity of the material is re-
quired; and, what is remarkable, while a certain quantity of
it will produce a given effect on plants, any excess beyond that
quantity will produce no increase of ﬁﬂ"ect. It would appear
in this, as in the case of other saline substances, that a given
<uantity only is required for the uses of the plants. Nay, it
appears that, when used in the quantity required, certain salts
will produce a ‘peneficial effect, while, if applied in a larger
quantity, they will produce a hurtful one. Thus there is rea-
son to believe, in the case of commmon salt, that while in a given
quantity it is beneficial, in a larger quantity it is destructive.
Even jn the case of sulphate of iron, a substance regarded as
eminently hurtful to plants, it appear , from experiments, that
in the due quantity it is fertilizing.” And this perhaps is true
of all saline substancgs which are found in plants, not excep-
ing the carbonate of lime itself: a certain quantity opcrates
hgneficially, while any efces;s beyond that quantit-‘)_' is not only
supetrﬂuous but hurtful ; in the same manner as in the animal
system, certain condiments in a given quantity produce a bene-
ficial effect, while if beyond that quantity they act as poisons.

Carbonate of lime is sometimes applied td the soil in the state
of gravel and sand. CalcarBous grave) is fonil_ul in some places,
and employed as.a mafiere. Caleareous sand is found in vari-
ous parts, chiefly of the sea coast? it is formatkof brokett corals
and shells, and may be applied #t once to the’ Surface of the
ground. When laid upon land in grass it never fails o reno-
vate amd improve it.
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Marls are another substance apphed to Jand, and are held
to be valugble in proportmn to the calcareous matter which
they fontain. ’

Clay-marl, sas it is termed, is composed of carbenate of lime,
silica, and alumina, with a portmn of the oxide of iron or
manganese. It occurs in beds, and is ex'benswel) diffused. It
assumes a considerable diversity of aspect and character, aw it
is more or less indurated, or as the calcareous or aluminous
matter prevails. When very indurated,”it is frequently termed,
rock-marl.

The operatmn of marls is more slow thzm that of lime, and
" they require to be applied in comparativ elv Iarger quantity.
They should be laid upon the surface, and genera.lly well ex-
posed to the influence of the atmosphere before belng mixed
with the soil. Some rharls have been found to be very dele-
terious unless they had underfrone this previous exposure to the
air. The kinds of soils to which marls are the most beneﬁcmllv

applied are the sandy. grav eh\ and peaty. eln this case they
supply calcareous matter to the soil, and improve its texture
by the addition of alumina.

The quantity of this substance applied is exceedinglysvari-
ous, being dependent upon the nature of thesoil, and the pro-
portion of calcareous matter in the marl. Where the purpose
has been to change entirely the constitution of a defectivesoil,

“it has been applied even at the rate of from 300 to 400 cart-
loads to the acre. But where the pm‘pose is merely to gn'e
common manuring, it-js applied ir? the quantity sufficient to
afford an ordinary propartion of talearcous matter. It may’be
laid upon the surface of land when in grass, where it remains
until the land is Lrought untder tillage : and this is generally
the best méthod of applying it.

Shell-marl is an cntirely different substance. 1t is chjefly »
deposit of, marine o.nd somqtimes pf land shells, found fre-
quenfly under 8 bed of peat. It may betused at the Fate of
from twenty-five to thirty ¢hrt-loads or more to the asre. It
can be apphed to the land when in various states, as when it
is in btuhble, in mmmer—fallnw or in grass. The latter ix o
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* good practice: for, as in the case of all calcareous matter, the

apphcntxon improves the herbage-plants; and the mineral, sink-
ing into the soil, prepares it well for prbducmg crops of corn
whea it is broken up for tillage. Its operation is not so quick
as that of calcined limestone, but its effects are more lasting.
The same consequend is produoed by excessive cropping after
the application of this substance as after that of calcined lime-
stone. The soil which has been stimulated by the action of
the mineral becomes more barren than before, apd it is for the
most part only to be restored by rest and the actlon of animal
and vegetable manures.

The salts of lime, which have been before referred to, are the
carbonate, the sulphate; and the phosphate Magnesia has also
its salts, but the only one used in agriculture is the carbonate,
of which mention has been made. Thé sulphate has been also
found in nature, and is said t¢ have been employed benefi-
cially as a manure ; but the quantity of it is too small, and the
expense of obtaiaing it too great, to render it of any econo-
mical importance. ‘

The vegetable alkali potassa is found in the ashes of most
plants. Wood-ashes consist in great part of this alkali, united
to carbomc acid ; and wood-ashes form a manure, though not
one very highly valued. ¢

Potassa combined with nitric acid, and forming the well-
known substance, saltpetre, has been employed as a manure,
and apparently with good effect ; but these saline combinations
of _potassa are expensive; which is probably the great objec-
tion to the using of them ; for otherwise there is réason to be-
lieve'that potassa, like lime, exercises a beneficial influence

upon the soil, by rendering soluble certain substances which
were ingoltible.

The mirteral alkali soda sexists in the ashes of sea-weeds;
and sea-weeds we have geen foxm a good though not a very
lasting manure.

The8nuriate of soda, or, as it istnore correctly-termed, chlo-
ride of sodium, being the prigcipal payt«of common salt, is a
substance regarding the effieacy of whicl; 'as a manuré much
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discussion has taken place. Experience is entirely opposed
to the application of common salt in any considerable quantity
to lard. The margihs of the ocean, and vast saline deserts,
attest the sterll properties of this substance. * It had been
known from the earliest times that salt rendered-land barren.
A salt soil was regarded by the ancients as synonymous thh
an unfruitful one.

Soils abounding in salt, however, have been found to, yleld
herbage very, nutritive and wholesonfe, and Certain saline.
marshes are highly valued on this account.

Salt is probably as essential to the healtl of vegetables as of
animals, and we may believe that a mineral thus widely dif-
fused performs lmpotta.nt functions. It exists in all plants,
is a constituent part of almost every kind of animal’and vege-
table manure, and is fdund in most soils in sufficient quantity
for the purposes of vegetatioh.

Hence experiments with salt as a manure have in most cases
failed, or been of doubtful success. That m many cases salt
applied in small quantities has been useful, can hardly be ques-
tioned. These, we may believe, were the cases, comparativel\
rare, where there was not a sufficient quantity of salt in the
soil for the uses of the plants, or where it was not supplied in
sufficient quantity by t§e ordinary manures. Though %alt can
rarely be applied with advantage directly to the soil, and éught
" never to be applied at hazard without its being known whether
the salt of the soil is really deficient, yet there is reason to be-
lieve that, in various cases, it may be applied along with other
substanced, Salt, in spall quantities, appears to assist the de-
composition of animal and vegetable matter ; and a portion of
it mixed with ordinary corfiposts of earth and lime, appears
to increasd their fertilizing propertigs.

The whole subject of saline manures, it is to be obsgrveds
deserves more éxtended invegstigatigmethan it has yet obtained.
Thateall salme.bodles which exist habltually in plants ar® bene-
ficial to vegetatlon, we may almost from analogy infor. We
see this in the case.of the carbonate of lime, the sulphatg of
lime, and the phosphate of lime; and it is not unreasonable to
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infer, that all saline bodies which exist in plants in their com-

mon state, may be employed as manures. )

The knowledge in which we are now'deficient regartls the
quantity in which these substances shoald be dpplied. The
carbonate of lime is that in which it appears the greatest lati-
tude may be given. ' The sulphate of lime acts in smaller
quantity, and so likewise dves the phosphate. Common salt,
supplied in small quantitics in manures, promotes vegetation,

« while a larger qm;ntitw is injurious ; and the sulphate of iron,
a substance ponsonoub in excess, if applied in the quantity
suited to the wants of plants, seems calculated to promote the
vegetation of the plants and the fertility of the soil, '

HII. MIXED MANURTS.

.. This class of manures consists of those derived partly fromn
organic, and- partly from mineral substances.

Ashes or fuel Uf different kinds used for domestic and other
purposes, may be said to be of this class. Those of coal are
obtained from manufactories where much fuel is consumed,
ainl they form a large part of the refuse of towns. Ashes of
coal are to be regirded as a manure of an inferior class.

Ashes of peat are also of this mixes. class. They are not
generally much esteemed, though they have sometimes a pe-
culiar value, asdn thecase of Duteh ashes, derived from their
mineral constituents.

Soot, which may be derived from the burning of coals and
wood is frequently applied in'its unméxed state as a manure.
Its base is charcoal, and it is advantageously spread upon all
soils, and in an especial manner upon land in grass.

The sweepings of roads are frequently used as manure, and
inay be alwhys rendered cap#ble of beipg so by being ferment-
ed with lime. They cohsist of warious minerals, cqnminuted
or gro;md by the acdtion,of carriages. They fwm mud in wet
weathef, and in populous countrie$ they are much mixed with

animal and vegetable matter. -
Street manure, or the general refuse of towns, is a very com-
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pound substance, of much importance to the fertility of the
adjacent country. It consists of all kind of offal, of the refuse
of manufactories, of IMter and the dung of animals, and in large
quantity of ashies and,other substances. .

This species of manure is much valued, though it is fa.r in-
ferior to well-rotted dung, the produce %f the fairm-yard.
every town this substance ought to be carefully collected for
the supply of the neighbouring country.

There is 8 method of increasing the quantxty of manures,
upon a farm, which should in no case be neglected ; this is by
forming composts, which, as the name dennte~ are a mixture
of substances. If dung, or any vegetable of animal substance,
be mlxed with earth, the latter will imbibe a portion of the
decomposing matter, and become itself fitted to be'used as a
manure. The earthy And the putrescent matters may be laid
in layers, the earthy covering the putrescent, so as to prevent
the loss of gascous matter by evaporation. But it is not neces-
sary to observe the precisé order of layems, since the sub-
stances may be mixed together whenever they can be conve-
niently collected. There should be at least one heap of this
kind upon a farm, as a general receptacle for all substanges
capable of being fer 'mented, which may from time to time be
procured. Urine poufed upon such a heap w will be found to be
very beneficial ; and lime may be mixed with it. The whole
should be turned over two or more tnnes 50 ag to mix the ma-
terials together and promote fermentation.

Of the nature of composts, also,«are those mixtures 8f lime
with weeds, the mud of ditches, the sllme of rivers, and the
like, to which reference has been already made. No eppor-
tunity should be omitted of*making manures by this method.

The mahagement of composts of all kinds is exqeedingly
easy. The knowledge that evary sort of putrescent refusg
may be mlxed *with earthy substanccs, that lime acts bene-
ficialty in fem;gntmg the mass, that frequent turning mixes
the substances together, ard produces the action requjred, are
sufficient to gulde the farmer in all cases in this simple branch
of farm economy. However desirable it be that the feientific
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agriculturist_shall extend his knowledge of the nature and
mode of action of the particular matters forming this class of
substances, fortunately a minute knowledge of this kind 4s not
esseptial to successful practice. The law, that all animal and
vegetable substances whatever, and some well-known minerals,
act as manures, is of cuch universal application, that the agri-
culturist can rarely have difficulty in applying the sabstances
of this kind within his reach to their proper uses.

Having now considered the subject of the soil, and the
nature of those substances which, added to it, promote its
fertility, we are prepared to enter upon the consideration of
the means which are employed to cultivate it. This forms
the extensive subject of Tillage. But before treating of the
details of practice, it will be proper to ‘¢consider the forms and
uses of the tools and machines which are employed.
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ML IMPLJ?.MENTS OF THE FARM.

In order to undersland the manner of perfofming the la-
bours of the farm, we should possess a certain knowledge of
the mechanical agents to be employed. ‘It is rarely, indeed,
necessary that the farmer shall himself be able to construct
machines, because, in most countries where the arts arg culti-
vated, there will be a class of artisans ‘who,can supply to him’
the common instruments of which he stands in need. But yet
it is well that he be acquainted with the prfipciples upon which
his machines should be cqnstructed, and so be able to supply,
if necessary, the want of skill in the workman.

The machines, or mxp]ements of the farm, may Ye divided
into classes, according to the purposes to which they are to be
applied :—

1. The implements for prgparing land for the plants to be
cultivated. These may be called the Implénents of Prepara-
tory Tillage—

1. The Plough.
2. The Harrow.
3. The Grubbgr.
4. The Roller.

2. Machines for Sowing—
1. Corn in rows.
2. Corn and Grass-seeds broad-cast
3..The Seeds of the Bean and Pea.
4. The smaller*Seeds in rows.

3. lplements for Hoeipg.
Hgqrse-Hoes, &c.

4. Machines for Thrashing and Winnowing.

« 1. Thrashing-Machine. *

. 29 Wmnowmg-Machme

5. Tmpleméats for prepnrmg food.for five-stock.
1. Turnip-slicer.
2. Chaff-cafter, &o.
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8. Wheel-carriages
1. Single and Double-horse Cart, or Waggon.

- 2. Sparred or Corn-cart.
7. Utensils of the Dairy.
1. Churn.
2. Cheese-press, &e.
.8, Implements of Manual Labour, &c.
Barrows, Forks, Spades, Shovels, &e.

1. IMPLEMENTS OF PREPARATORY TILLAGE.

v

Tur ProuvcH.
.

By means of this instrument the earth is to be turned over
to a given depth ; and this is to be effe¢ted by cutting from the
ground successive sods or slices of earth, so that each sod or
slice shall be raised up and turned over, and all the sods or
slices laid resting upon one another, in such a manner as that
an entire new surface shall be exposed to the atmosphere.

In the following figures, let A B C D represent the end or

trengverse section of thesliceof earth which is to be turned over.
Fig. 1. Fig.2. Fig. 8.

C A
t
The'slice is first to be raised from the position in which it
lies in Fig. 1: it is next to be placed in the pesition shown
in Fig. 2: and it is finally to he placed, in that represented in
Fig. 8. . '
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In the following diagram, let 'ABéD, corresponding with
the same letters in the last figures, represent a transverse sec-
tion of the slice of earth which is to be turned over. This slice
is first to be 7alsed fram its horizontal position ABCD, by, be-
ing turned upon its corner C as a pivot, and placed in the po-
sition CEFG, corresponding with that of Fig, 2." It is then to
be turned upon its corner G as on a pivot, and laid in the po-
sition GHIK, corresponding’with that of Fig. 3. In this
manner the side DC, which was formerly underrieath, will be
above, namely, in the position HI; and it successive slices
shall be thus reversed, they will rest uponone another in the
manner shown by the sections of the slices OXYZ, TCUV,
PQRS, OLMN, and GHIK.

The angle of inclination at which these different slicesygjll
naturally rest upon one another in the mapner shown in the
figure, will depend u],‘)n the proportion which the width of the
slices bears to their deptle; and that the greatest extent of sur-
face may be exposed to the air, the angle of their inclination
will be 45°.  In order, therefore, that the slices may De at this
angle, the proportion which the width of the slices Bears to
their depth is to be determined : and this can be done *by
simple calculation ; for it can be shown that the width of- the
slice AB being the hypotlfenuse of an isosceles right-angled
triangle, the depth of the slice BC will be onec of the sides.
Supposing, the.rcforc, .the width of the sod AB to be 10 incheg,
the depth BC will, by calculation, be 7.071 inches*,

* That the ,qufkimum of surface will be exposed, when the angle of
inclination of the sods is 45°, may be demonstrated thus: Let “the right-
angleg parallelogram, DBMN, in the following figure, represent a section
of the sod or furrowglice, BKM being an angle of 45°, aud KB being
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If, then, beginning at one side of a field, we shall cut off a
slice of earth, the entire length of this field, and place it in the
position OXYZ, Fig. 4, #nd then cut off a second slice, and

place it in the position TCUV, and then a third slice, and
place it in tho position PQRS, and so on, the various slices
will rest upon each other at a given angle, in the manner re-

presented.

A similar operation is to be performed by the plough. Be-
- ginning at the right-hand side of the field or ridge to be plough-
ed, a sod, which we shall now call a furrow-slice, is to be cut
from the firm ground raised up, and turned over. A second
farrow-slice is in like manner to be cut from the firm ground,
raised up and turned over, and so on. In this manner an en-
tire new surface will be exposed to the atmosphere, and the

equal to BM. On KM, which is here = BD, as a diameter describe the
* ssmicircle KBM, and in that semicircle draw any other triangle KI’M, re-
presenting a section of a sod having the same width as before, but with the
depth PM ; then will the two sides KB BM of the isosceles right-angled

triangle KBM be together greater than the Fig. 5.
two sides KP, PM of any other right-angled
tnmgle KPM on the same base KM.

“¥or, produce KB, and make BA = BM.:
produce also KP, andrnake PC = PM, and |
join AM'and CM. Then, because KBM is )
the exterior angle of the triangle BAM, it is«
equal to the sum of the interior and opposite

' angles BLM and AMB; iut BA = BM,
therefore the angle BAM =AMB =} KBM.
In like manner, the angle KCM'= } KP)M,
But the angle KBM = KPM, and tlerefore |
the angle KAM = KCM. Hence, the scg-
ment of a circle upon KM from the centre
B will pass through the poinis C and A ; but the diameter KBA is greater
than any oshef straight line KPC, wluch does not puus through the centre.
Wence, gince KeA = KB + BM, andssince KC = KP + PM it follows that
KB + BM is greater than K} + PM.

To determine the rdus whicl the depth of a sod will bear {o its,width
when the inclination is 45°—Since KBM is an isosceles tria ugle right-angled
at B, KM’ = KB! 4 BM?! = 2 BM, and’ consequently BM = /7 KM,
Hence, suppose KM, the width of the sod, to ke 0, then the depth BM
= ¥ 50 = 7.071 as in the text.
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successive furrow-slices laid resting upon one another, thus : —

Fig. 6.
» .

A well-formed plough is that which will perform these ope~
rations with the least resistfnce, with the lgast risk of injury
from the strain or shock of opposing obstacles, and which shall
join to these properties such lightness and simplicity of form
as are compatible with its uses. —

The plough may be formed partly of wood, and partly of
iron. But as, when i(is formed wholly of fron, it admits of a
somewhat better combination of its parts, the following figures
represent it as of this material, certain parts being of malleable
iron, and certain parts of cast iron. *

Fig. 7. represents the plough asseen from the right-hand
side, or from that side which is ot the right hand of the plough-
man when at work. In this position are seen the two handles
A and B, by which it is gaided: the mould-board DEHGF,
the share 1GI, the beam C, and the coulter K.
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Fig. 8. represents the instrument as seen from the same
side, but with the mould-board and share removed.

Here the connexion is éhown of the left handle' A with the
beam C, of which it forms a continuation, ahd of the right
bandle B with the lower pn.rt of the frame-work. The upper
ends of these'two hamlles rise to the height of about three feet
above the plane of the lower part of the plough. They are to
be regarded as levers in the hands of the ploughman, for en-
abling him to direct the instrument.

Fig. 9. represents the plough, as seen from the left side,
being that side which, in working, is towards the unploughed
land. The part AFDEB, is a perpendicular plane, formed of
piates of iron. The surface of these parts, the left side of the
share, FCD, and ¢f the coulter K, shoy'd be in one plane, and
move in a direction parallel to the lin¢ of draught.

The beam is that part of the plough to which the movmg
power is attached. Upon the end of the heam is placed a
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bridle, as it is termed (N, Figs. 7, 8, and 9,) to which the point
of draught is fixed, and by means of which the line of draught

can be elevabed or depressed, and moved to the right hand or
to the left as may berequired. The bridle is moveable round
a bolt passing through the beam. The beam is curved in its
form, in order that, being more elevated’ above the surface of
the ground, it may be less 1mpeded by stubble and other mat-
tors upon the surface.

In the beam is fixed the coulter K, (Figs. 7, 8, and 9) The
use of this part being to cut the sod from the finn ground, pre-’
vious to its bemg raised up and turned oter, its position is
“inclined as in the figure, sg that it may the better perform its
function as a cutting instrument. The inclination of the fore
part of the coulter to the plane of the plough’s sole, may be 45°.

The coulter, being in front of the fore part or head of the
plough, is first struck by stones or other obstacles in the ground.,
But a stroke upon the coulter is less apt to endanger the in-
strument than a stroke upon the head ; and b its oblique posi-
tion, when it encounters a stone or other obstacle, it tends to
force it upwards out of the ground. The right side of the
coulteg is welded with steel on account of the greater attritiew
to which that part is su Jected .

The share, Fig. 10, % made to be taken off, that it ma.y be
sharpened when necessary. It is formed with a wing or pro-
jecting edge to the right-hand side, which is slaid with steel,
on account of the friction to which it is subject. The pur-
pose of the vung is to-cut the under pait of the furrow-slice,
previous to its being raised upon the monld- Fig. 10.
board, by which means the operatlon of raising *‘
and rev ersmg the sod is better pcrformcd and
with less waste of labour. The wing may be " 7
seven inches meqsured from B to*A.

The shage is formed of madleablesand tl\e mould-boprd of
cast, ifon. The,two parts tombined formd a curved surface,
which, beginnifig at the point of the share 1, Fig. 7, gradually
rises frgm the horizqntal plane, vptil it is vertical at F, at which
point, accordmgly aeperpendicular line would touch’ it from
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top to bottom, The surface then continues to incline in &
uniform manner to the right—hand side, until, at its extreme
point D, it inclines over to that side &t the angle atewhich
the.furrow-slice is to be laid. The wkole nght-hand side of
the plough, therefore, consisting of the share and mould-
board, forms the curVed surface of a wedge, which, from the
point of the share where it is horizontal, becomes gradually
more and more upright, till it is perpendicular, and then con-
tinues inclining by a uniform curve to the right-hand side, un-
til it has formed with that side the angle at which we wish the
furrow-slice to be‘ laid. The wedge thus formed being insi-
nuated beneath the furrow-slice and pushed forward, gradually’
raises it to a perpendieular position, and then, by acting upon
the upper part of it, presses it over mto the position in which
it is to Lie.
_ That we may better comprehend the nature of the wedge
which the plough forms, let ABCDEO, Fig. 11, represent a
wedge, one of whose sides, ABCO, placed perpendicularly,
moves in the line of the plough’s motion, and consequently
corresponds with the left-hand side of the plough, and whose
#*zer sidle EBCD, is applied obliquely to the furrow-slice to
be moved, and whose width behind, D0, is equal to the width
of the sod to be moved, and which W may assume to be 10
inches. Such a wedge moved forwhrd in the ground is caleu-
lated to move this fugrow-slice to the right-hand side ; but it
is not calculated to raise it up and turn it over. DBut let the
lower part of this wédge' DC be supposed divided into a cer-
tain number of equal parts 4s ninety, then, beginning at the
point C corresponding with the pomt of the share, let all the
upper part of the wedge from the edge CD backwurds, be sup-
posed to bt cut or scooped away in such a manner as that, when
*we measufe the angle whith the supface of this new wedge
forms with its base, we'skall find that at the ﬁrst equal part or
division, the inclinfition of the surface to the,base is 1% at the
second 2°, at the fifth 5°, at the tenth 10°, and‘so on to the
ninetieth at D, where it is 90° or perpendicular. In this man-
ner we shall have formed a new wedge BAFCDO, whose face
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EFCD, corresponding with the right-hand side of*the plough,
becomes gradually more and more upright from the point C
to the*point D, yvhere it is wholly upright, and so forms a uni-
formly-curved® surface®from the point to the extremity.” A
wedge thus formed, it is apparent, 3 calculated, to raise the

furrow-slice in a uniform manner from its horizontal to its per-
pendicular position.

v, JL .

There yet remains, howevqr, the further operation of press-
ing over the furrow-slice into the position in which it is to be
ultimately laid. Now this we may suppose to be effected by
lengthening out our wedge behind as from E to G, and con-
tinuing it with a uniform cervature to the right-hand side, it
such a manner as that, c:sfter having passed the perpengicular
at DE, it shall incline more and more to that side, until, at its
sermination at the point G it has formed an angle with the
surface of 45°. In this manner, the sm¥ace of the wedge will
represent the right-hand side of the mould-board and share,
beginning gt a point, rising Ly a, gradual slope from the hori-
zontal plane to the veriical position, and then gradually in-
clining towards the right-hgnd side, until it forms with that
side the angle required to press the sod into its position. It
is to be observed that, when the furrow-slice has reached 1ts
perpendicular position at D, it begms to be turned upon a’
new pjvotsso that there is a Slight change.m the curvature of
the wedge at, fitat point; gnd further, it is to be observed,
that when it has reached this perpendicular position, it must
be no farther acted updn by the mould-board below, for which
reason a|) the hindet and lower part of $he wedge DGH must
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be cut away in the manner shown in the different figures of
the mould-boards. ,

The surface of the share and mould-board has been déscrib-
ed ‘as uniforin ; but in practice it is nbt to be‘made entirely
uniform, on account of the resistance of the earth being greater
at certain parts of the ascent of the furrow-slice than at others.
Thus, towards the point of the share, the resistance to be
overcome is greater than at the extremity of the mould-hoard,
and therefore the.wedge is made more acute at-that part than
behind.

A curved surface, such as has been descnbed may be form-
ed by various means. These, howaver, need not be here de-
scribed ; peither is it nécessary to explain in detail the several
corrections to be made on the form of the parts. The nature
of the curved surface will now be understood ; or should any

obscurity exist in the description given, it will be removed on
examining the implement itself. , The reader will perceive that
the surface of the wedge described is resolvable into two planes,
one of which acts in elevating the sod, and the other in mov-
ing it to a side, and that the gencral effect is to raise the sod,
Pross it to a side, and turn it overs

The, perpendictlar height of the t&ould—buard may be 15
or 16 inches, being that height w h;ch is sufficient to prevent
the loose earth from being thrown over it when the plough,
is at werk. The width of the plough below, measured from
the left-hand side to the point of the mould-board F, Fig. 7,
where it is begun to be cut ,away, and where it§ surface is
perpendicular, should be Juqt equal to the width of the sod,
and which, it has been stated, may, be assumed to be 10 inches.
The lower part of the plough from the point of the share C
to the hivel E Fig. 9, should be of that length which is suffi-
cient to glve steadiness to the motionf the instrument, end
need in no case excee 66 inches. It is the error in rude
ploughs that these parts are forn]cd unnceestdrily large, and
especially the width below, by which means the resistance is
uselessly increased.

An essential property of the plough is, that it shall move in
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the earth with a steady motion, and the giving to it the form
and combination of parts necessary for that purposeis one of
the ntain dliﬁcultles 4ttending its construction.

Were it astertained by experiment on the plough when at
work, at a given depth of furrow, and in soil of a given texture,
that a cord attached to any point A, Fig 12, and drawn in the
oblique direction AB, would so pull forward the plough, that
it should press uniformly upori the earth at all points, from C
to D, so that the share should neither tend to point upwards
nor downwards, but should move horizontally forward, then it
is to some part of this line that the moving power should be ap-
plied; ang further, it is knqwn from the principles of mechanics,
that it matters not, in so far as regards the force exerted, to
what precise part of this line the power is applied. Now,
without entering into’any mathematical investigation of the
principles upon which this line is to be determined, it is to
he observed, that, in a well-made plough, formed on the prin-
ciples pointed out, this line, *drawn from the usual point of at-
tachment of the draught on the collars of the working cattle,
will intersect the sole of the plough at E, a little behind the
setting on of the share, and a little to the right of the plitme of
the left side of the instument.

Now, knowing the height at which the point of draught is
to be attached to the shoulders of the working cattle, let us
suppose 4 feet, and the distance from the point of thegshare at
which the animals of draught can be cunveniently yoked, let
us suppose 12 feet, then laying off DF*12 feet, aud FB 4 feet,
and drawing BE ; it fllows that the point at the end of the
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~ beam, to which the dra'ught is attached, may be placed in any
part of the line BE. So that whatever be the length which we
shall give to the beam, the line in questivn wlll denote the end
of it, or the point to which the draught.is to be attached.
But the angle which the line EB forms with the surface,
is not, as can be shown, constant, but varies with the depth
ploughed, and the tenacity of the soil. That the instru-
ment Inay suit itself to-these variations, as well as that any de-
fects ‘in the form of its parts may be counteragted, and that
the line of draught may be placed in that position which is
required to pull fo:ward the plough, without there being any
tendency in the share to sink intg the ground or rise out of -
it, the bridle is fixed at the end of the beam, so as to elevate
or depress the line of draught, as may be required. Should
the plough, for example, tend to go 'decper into the earth,
the line of draught is to be lowered by means of the bridle, so
“that it shall form a greater angle BGF ; the effect of which
will be to counteract the tendeéncy which the plough has to
go deeper. The same effect will be produced by shortening
the traces by which the horses are attached to the draught,
apduthus increasing the angle. In like manner, by means of
the bridle, the point of draught can bg shifted to the right or
to the left. If the point of the share a-nds to turn to the left
hand into the firm ground, the line 6f draught is shifted more
to the left, and.if to ghe right hand, it is shifted more to the’
right. This adjusting of the plough’s motion is easy, and is
performed by the ploughnian, until he feels that the plough
continues to swim_fair, to use his own technical' language ;
that is, until he feels, which he does at once, that it continues
to move horizontally forward, without any tendency to turn
to the right or left, or to rise from the earth or fo sink into
it. A wellsconstructed plowsh of i:lust kind, therefore, needs
no wheels or other devicgs to steady its motlon the effect
being produced by tuerely altering the directign of ‘the line of
draught.
The undoubted honour of having pepfected this specles of

plough belongs to James Siuari. an inggnious mechanic of
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Scotland, who, by observing the defects of the ancient ploughs,
suceceded in forming an instrument which may be used in
everyepart of the wotld, and which has added millions to the
wealth of his native. eountry. A treatise by him remains to
show the steps by which he arrived, at the discovery of the
principles on which a plough should be donstructed. His ma-
chine is alike efficient and simple. In the countries wherae it
is used it is drawn by two hofses yoked abreast, and is capa-
ble of performing, by easy labour to the animald of draught,
alost every species of tillage which the plough is required to
perform.* *,

Althoygh the animal of, draught employed in this species of
plough is the horse, as being better suited than the ox to the
varicty of labours in which the hushandman of this country
employs his working—ca'ttlo, and to the dispatch which he deems
essential in all his operations, yet it does not follow that the
horse is to be preferred to the ox in all countries and in all
cases. In many countries the ox may still, ®n account of his
more casy means of support and other qualities, be advanta-
geously used.  But whether the ox or the horse be employed
it matters not, in so far g5 it regards the construction &~the
simple and efficient m;{chine which has beep deseribed. Tt is
equally suited to citheY species of draught, and only requires
that the height of the beam shall be varied a little té suit
the animals employed, and the manneg in which they are at-
tached to the yoke.  When horses are used, they are attached
by an apparatus of sw um—troes, a% in'Fig. 18, to the br 1(11(-
at the beam by a hook at A. " These swing-trees being con-
nected together, each hor se pulls against the collar of hix fel-
low, so that cach must exert an equal foree in pulling.  They
are attached by chains or tr aces, CC, to their respettive swing-
trees.

o® A.do.sct’xptim; of the plough of SmaLL, with an, éxplanation of the prin-
siple of its conspruction, was comwmunicated by me to the Counseil Royal
d’Agriculture de France, and, with accounts of the harrow, grabber, and
other juploments, wag aftsrwards pyblished in the Quarterly Journal of
Agriculture.
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Fig. 1.

(& C C

The chains or traces by which the hor ses are yoked, are
fixed to hooks on the collar as at A, Fig. 14.” The traces are
prevented from f'al'lmg down by a broad belt of leather B, fas-
tened to the tracef; and passing over the back of each horse.
Each horse has a snaffle-bridle C, and a cord is attached to
the inner ring of each bridle, and to the trace of the opposite
horse, for the purpose of keeping the horses together. A long
rein is attached to the outer ring of cach “ridle. DD, and
Jooped to cach handle of the plough. With these, assisted
by the voice, the ploughman dirgets the horses, and uses the
reins instead of n"whip, when necessary, to urge the animals
forward.

Resting between the handles of the plough is a little spade
with a long handle, with whitvh the ploughman remow:s the
mud-that may be collqcted on the mould-board, or any sub-
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stance that may be collected between the beam and the coul-
ter, or between the heam and the forepart of the mould-board.

Pig. 15,

Wheels, in many ploughs, are attached to the point of the
beam. It is believed that it could be shown that the labour
of draught is not lesscned by this device. The plough with
wheels is, however, more easily managed, and thus may be
guided by a less skilful workman.

The manner of ploughing a given piece 8f ground, as a field
or a ridge, will be deseribegl under the h(,ad Simple Operations
of Tillage.

2, Tur Harrow.

This instrument succeeds go the plough in the order of de-
seription, and the uses to which.it is applicable. It consists
of a frame of wood or iron, in which a certain number of tectl
are fixed, which are pressed into the ground by their own
weight and that of the frasmne. The instrument is intended w
pulverize the ground which has been acted vpon by the plough,
to disengage from it the roots and other substances which it

, may contain, and to cover the seeds of corn and other cultivated
plants.

The harrow is greatly more simple in its form than the
plough. It is even an imperfeet machine in any form of which
we can construct it ; yet it is of great uttlity in tillage, and
should receive all those meghunical improvements of which its
nature wil] admit.

The harrow performing its operatlon by means “of'a. certain
nuember of teeth moved forward in the ground, *and pressed
downwards by their own weight anc that gfsthe frame ip which
they are fixed,sthe first qupstlons that occur in investigating
the prmclples of itg construction are, the form that should be
giversto those teeth, and the jnanmer in which they should be
disposeq in the surlnounting frame. Mere it the purpose, in
harrowing, solelyto drag up the roots of plants and other sub-
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stances from the ground, the best form, perhaps, that could be
given to the teeth would be that of a th'in wei.lge..“ta[.)en?g. to
the point, like the coulter of a plongh, and, h,kt} it, inelining
forward. But although this construction miglr be the best
calculated for tearing up roots and other substances beneath
the surface, it would rfot be so well fitted for covering seeds and
for breaking and pulverizing the ground, as when a.broader
surface was presented to the earth, and a greater movement
= given to its particles. ' The wedge for this purpose should be
broad rather than thin. In order, therefore. to adapt the form
of the teeth to this purpose,—to the strength necessary to be
given to them, and to the lateral or shaking motion,to which '
they are subjected in passing over rongh ground. as well as to
their forward motion,—it is concecived that the best form of
them will be when their horizontal section is a square, whose
. diagonal is moved forward in the line of the harrow’s motion ;
while they should gradually taper to a point, the forepart being
kept straight, as In T, Fig. 16.

With regard to the distribution of the tecth in the frame
of the harrow, they should not be placed too closely together,
fe=then thev would be too muclh, impeded by the obstacles
opposed to them :, Further, they shoyld be so disposed with
relation to one another, as that one partbf the instrument shall
not be more interrupted than another:  Again, their number

. should pot be toe greay because then their power to penetrate
into the ground will be diminished, unless the weight of the
whole instrument shall'be increascd in a corresponding degree :
And lastly, their length shoul@ not be greater than is neces-
sary, because they will not on that account penctrate more
deeply into the ground, unless the whole weight is also in-
creased, and because this increase of length will give a greater
power to thé teeth, when encountered hy obstaeles, to split the
frame in which they are'fized. . ,

The harrows représentad in Fig.16, of whick che framé is of
wood and the teeth of iron, are formed with a regard to these
general principles. They are gonnected together in pgjrs by
hinges. Phey consist .each of four bars «of wood, ArB, CD,
&c., which are joined together by an equal, number of eross
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bars of smaller dimensions, mortised through them.. The larger
bars may be 2} inches in width or more, by 3 in depth, and
the smaller 23, inche’s in width by 1 in depth. The larger
bars are placad obliqgue to the smaller bars, amd to the line
of the harrow’s motion, and the teeth are inserted into them
at equal distances from one another. THis inclination is made
to be such, that perpendiculars from each of the teeth falling
upon a line LM, drawn at right angles to the harrow’s mo-
tion, shall divide the space hetween each bar intd equal parts,
so that the various tecth, when the instrument is moved for-
ward, shall indent at equal distances the sutface of the ground

“over which they pass. .
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The nufiber of teeth in cach harrow is 20, 5 being,inserted
in o.u-h of the larger 'b.m Wdaen two harrows, thereforce,
are omplok ed together, the surface € the ground from L to
M iseindented, by 40 teeth, 1mpressmg thé ground at equal
distances from 8ne another? and covering the space of about
9 feet.. The teeth smay project below the under surface of
the frdme 7or 8 m(.bes, their 1¢hgth somewhat i incressing from
the hindmost to the foremost rows, where the ohlique position
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. ;
of the line of draught tends most to elevate the harrow. The
teeth are often inserted into the frame with a little 'inolinution
forward ; but this deviation from the perpendicular, if made at
all, should be very slight, because it renders theeharrow more
apt to be impeded by thg weeds or other substances collected
in the angle' betweeh them and the frame. The teeth are
fixed in the bars by boring holes with an auger of about § of
an inch in diameter, and then driving them firmly through.
The t‘eeth, when thus driven into the bars, will be retained
with sufficient firmness. The Dbest of the common kinds of
wood for the larges bars, as being the least liable to split, is
elm, birch, or ash, and for the cross bars, ash. .| )

The iron rods which terminate in the hinges O. O, may pass
through the framework to give it greater strength. These
rods keep the harrows at the distance required, and the hinges
admit of either harrow rising or falling. according to the in-
equalities of the surface. When thus joined, the harrows are
drawn by two hotses guided by reins. the driver walking be-
hind so as to be prepared to lift up either harrow when choked
by weeds, or otherwise interrupted.
=$he method of attaching the animals of draught will be ex-
plained by the apparatus of swing-treys shown in the figure,
by means of which each animal must éxert an equal foree in
pulling. There are plates of iron N, N, passing through the
. left-hand bars of each harrow. These plates have a few holes
in them, so that the linc of draught may be shifted to the right
or left as may be requited. * The staple P upon the swing-tree
RR being the point to which the moving power of the harrow
is attached, it is important to ascertain its proper position.
Were a perpendicular to he let fall from the staple P upon
the line L. M, the point of intersection would be in the middle
of the entirt breadth coverdd by the parrows, and an eqpal
number of teeth would Beson each side of the line qf traction,
and this would scenf' to jndicate tlic position qf the staple P.
But the larger bars being placed oﬁlique to the fine of the har-
row’s motion, when any obstagle raised dahove the surfgce of
the ground strikes one of these bars, it tends to press it to the
right-hand side. And as there are 8 bars of this kind, and
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these of considerable length, it will appear that, in ground
where there is any grea.t unevenness of surface, there will be a
constant succegsnon of strokes, forming a strong lateral pres-
sure on the teft sidesof the several bars. But the staple P
being nearly fixed in its position, while the harrows may be
moved round, the effect of this lateral Pressure 'is to turn the
whole harrows on P as a pivot from left to right. In practice,
accordingly, there is found to be a constant tendency,in the
harrows of this construction to swing around from le:t to right,
and this often to so greata degree in very rough ground, as to
place the larger bars parallel to the line df motion, thus caus-
" ing all the teeth in the syne bar to follow in the same track.
Hencee the point P ought not to be precisely in thc middle of
the space covered by tho harrows, but placed somew vhat to the
left hand, in order that so great o number of teeth may be
placed on the right side of the line of traction as to counter-,
act the tendency of the harpows to turn from left to riglit.
But further, the position of P is not fixed, bifit must vary with
the roughness of the surface over which the harrows are drag-
ged.  lence not only must the staple P be placed somewhat
to the left hand. but therg must be the power of moving it
more or less towards thpe left haud, according to the rouglmesa
of the surtace passed over.  This is effected by the iron plate~
with holes, of which mention has been made, and by means of
which the driver can readily shift the §ne of draught . more or
less to the left hand, as may be required.
» ]

. . . . . o
A xpecies of' harrowswas formerly much. in use, and is still

frequently employed, of much greater weight and dimensions '

than the o{dm.u y kinds, each single harrow bemg drawn by
two horses. These larger harrows were termed Breaks. T hey
were intended to till the strong®r clays, at a time when they
were too Jard to be impressed byethe teeth of the common
Rarrow. Therg were dlﬂ'egences in the fdrm of these instru-
mt.nts One ‘method of their construction is represented in

Fig. 17, in which, there are ly'c large bars, and twenty-five
teeth, and where the line of draught is so attached s that the
teeth shall i impregs the ground at equ.\l distances.
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The ‘neavy harrows of this kind, however, cannot be said to
be indispensable, even on the moste stubborn clays, since, at
those times when the‘ lighter harrows arc unable to operate,'
other instruments may be employed.

”~ Sometimes a light kind of lrrow, with a greater' number of
tecth; is used for covering the smaller seeds, as those of clovers
and the grasses. These light harrows do this species of work
better than'the common kinds, and hence many falmers have
ene or more pairs of them. fer the specific purpose of covering
the smaller seeds. ) ) .

To prevent injury to the surface; when it is necessary t sow
land in a very wet state, several Harrows may'be attached to-
gether, and the horses made to walk in the open furrows of the
ridges, to be afterwards describdd. These,_ harrows may be at-
tached to an axle, mounted on wheels, stretching the'breadth
of the ridge. But the same purpose may be more simply ef-
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fected by merely attaching the harrows to a beam of wood of 4
length suffigient to stretch across the ridge, in which case the
two mtddle hargows may be connected together by hinges, in
the usual'mammner, whibe, to keep the outer ones at' the distance
réquirvd, each of them may be attached to the cross beam, in
the manner shown in the figure. ’

-_—_:i':_—::.i 1:},;. Ix, ‘__—.f.

The harrow has been here described as formed of wood, with
teeth of ivon.  The whole, however, may bé formed of malle-
able iron. The advantages of the iron harrow are, that it is
more durable, and that a smaller surface being exposed to the
resistance of obstacles on the ground, it is not so mueh resisted
as when the frame-worx is of wood. On this accomk:it does
somewhat more work in proportion to its weight. Thd¥ollow-

,ing figure represents the harrow as formed of iron. '
Fig. 19. [V} N

= ﬁ%& Ip & ar -~ N
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In these figures, the harrows are shown st ciwely connected

by their hinges : but they may be alse more loosely cownected,

so that each harrow,shall have a little lepurqa' play, and this
is eonceived o be an improvement in the constructibn.

Tas Grunsen,

The uses of the harrow, it has been seen, are to pulserize
the ground which has been subjected tothe action of the plongh,
to disengage from it the roots of plants and other substances
which it may contain, and to cover the seeds which are sown
upon the surface.” . )

The harrow, however, performs imperfectly a part of these
operatioris. It is pot well suited to penetrate into the ground,
and drag up the roots of plants benbath the surface. The

tecth being forced down solely by their own weight and that of

" the frame in which they are fiaed, which is not considerable,
they are ill fittedsto make an impression upon the ground, and
they are easily thrown ont of it by the obstacles which they
encounter. In soil which is in any degree tenacious, there-
foray the impression made by the teeth of the harrow is often
seen to be veryslight. Were the t(:eth‘ as was hefore observed,
formed*like the coulter of a plough, and sct in the sume posi-
tion, ‘they would better insinuate themselves into the ground,
and be somewhgt less,liable to be forced out of it. But the'
harrow, from it nature, could only admit of this construction
in a very limited degrve : for were the teeth to form a sharp
dngle with the fragne-work i which they were sef, the roots
and other substances disengaged from the ground would be col-
lected at the angles, and would ths be carried along with the
harrow an® impede its progress ; while the diffieulty would be
increased offrecing the teetk from the, substayces collected.

To obviate these defdets of the harrow, instruments have
been émployed, witich, from their weight agd construttior,
are better able to penetrate into the soil, and rhhintain their
position at the depth required, They aré termed Grubbers,
Cultivators, Extirpators, &c. They are of greatly more recent
introduction into agricdlture than the plough and theharrow.
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One of thls ehss of iubtnfménts terﬁd& Finiaison’s Harrow,
ftom the ngme of its inveritor- Mf John Finlaison, has been
found *to be an ,efficient machine, . It is made wlmlly of iron.
It consists of two parallel sides A A, with two sct, or paird, of
cross-bars, as shown in the figure. Imto the hindmost of these

-sets are inserted five curved teeth or prongs, and into the fore-
most four prongs, A little beforc the foremost prongs, the
sides begin to converge so as to meet at B, where thy are at-
tached by a hedt to the long handle C, fixed tp which, by a con-
necting bar, is the wheel D, which runs upon the surface. Be-
hind is a species of spring E, consisting of tv clastic r-1s with
‘opénings. and supported iy the manner shown in the figure.
The handle, which is retained in its place in the opgnings of
the spring, may be forced up and down by pressing it ; and as
the handle and the fore wheel are joined together, by raising
the handle. the fore wheel will he raised also. and the proags
allowed to go deeper into thegeround.  When the handle is at
the lowest opening in the spring. the foremost prongs are lifted
nut of the ground : and in proportion as the handle is pressed
up into each successive opening, the prongs descend, until the
handle is at the topmost opyning. when they will be between
eight and nine inches ™ the ground, whidh is the greatest
depth at which it is necessary to set them.  The axles of the
two hindmost wheels, may, ; by means of an apparatus attached
to the side bar, be vlm.\tod or depressede and ¢thus the hinder
prongs made to correspond in the depth at which they age set
with the forcmost.
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The entire space covered by the prongs of this machine is
5 feet 4 inches. The length of each prong is 29 inches; and
the weight of the whole instrument is about 486 Ib. Gn stiff
clags, or on'soils not loosened by previous phugbmg‘, four
horses are required to work the machine; and in ordinary cases,
with tolerably light land, three horses. There is also a smaller
and lighter form of the instrument with seven prongs, which
covers a space of four feet. 'This, on heavy land, requires three
horses, and on light land two horses to work it
An improvement may be made on this instrument, by means
of which the profgs can be lifted perpendicularly from the
ground, svmewhat in the manner shown in the next figure.
Another instrument’ of this class is Kirkwood’s Grubber.
This is formed wholly of iron, and consists of a frame-work as
shown in Figs. 21 and 22, in which are fixed seven prongs or
. coulters, so placed as to move at equal distances from one
another.

« The frame-work, it will he scen, rests upon three wheels.
The, handles'AA" move upon the akle of the two hindmost
wheels, and they are extended forward to a cross-bar at C,
which forms part of the frame in which the coulters are fixed.
, The handles when moved get as levers, of which the fulerum
"is the axle of the twq hindmost wheels. By depressing the
handles, they raisg the ®cross-War at C, with which they are
connected, and conscduently the hinder paxt of the frame in
which the coulters are fixed.: Further, ,the bandles are con-
nected by means of rods DD with the foreswheel E. The same
depression of the handles, therefore, whic¢h elevates the hinder
part of the framc-work, draws back the cdnnecting-rods, and,
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acting upon the fore-wheel E, depresses it, which is equivalent
to raising the fore part of the frame-work. A depression of
the hahdles, the:efore, raises, at the same time, the hind part of
the frame-woask by acting upon the bar at C, and the fore fart
of the frame-work by acting npon the wheel E. Thus, anecle-
vation or depression of the handles elevates or deprcsses the
whole frame-work, and consequently causcs the coulters -to
move at a greater or less depth in the g‘round 1y means of
a simple contrivance at B, the connecting-rod D is fixed in its
position, and thus the whole frame is kept at the elevation re-
quired. The action of the handles and ccgnecting-rods will

“befurther secn in Fig. 22, which represents a section of the
machine, the dotted lines showing the*change of position pro-
duced by the depression of the handles.

Fig. 2. G

By depressing the handles sufliciently, the whole evulters
may be lifted out of the ground when the machine is turned
*at the end of ridges. when it is moved fr om one field to .mother,
or when it encounters great obstacles in  the g'round as stones.
The various coulters being fixed«in their places by kevs or
wedges, they may be remoy ed, or set at a greater or less deptir,
according to the depth at which the ar round is to be tilled.

The space covered by the coulters is 4 feet 4 inches; the
coulters are 14} inches long below the bars, 2 ineheg broad,
and about # of an inch tlu(k The diameter of the lundmost‘
wheels is 22 inches; and the w cight of the whole machine is
abouty4 cWt.

The introdaefion of this clAss of instruments into tillage must
he regarded as bencéicial and important.  When land is full of
root-weeds, the repeated operation of the plough, the barrow,
aud the soller, is resorted to for tilling and cleaning it. In these
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cases the grubber is a useful assistant, and may frequently su-
persede the necessity of one or more ploughings.  Under cer-
tain other circumstances it may also benehcmll,y superscte the
plough. Thus, in very warm weather,“certum «stiff soils are
frequently rendered hard and compressed by being turned over
by the plough and exposed to the parching influence of the
sun. In such cases, the stirring of the soil may often be per-
formed by the grubber alone, without the necessity of turning
over the soil. '
The grubber can be made to go to any depth which may be
.required, and thus'the soil can cither be stirred to the depth at
which it had been originally ploughed, or to such lesser depth’
as may be deemed expedient. 1t is, in this respect, greatly
superior to the harrow, which we cannot regulate in this man-
ner.  The employment of the grubber, however, dves not su-
persede that of the harrow in the pulverization of the ground
and disengaging of the roots of weeds. The harrow is still to
be used in conjunction with the grubber. aml especially for col-
lecting into heaps the ruots of the plants brought to the surface.
In the same class of instruments is one employed in some
parts of England, termed a Drag. ,The drag is merely a strong
triangular harrow, kept in the groun® by handles assisted a
little by the form of the teeth. It is usually drawn by four
horses yoked abreast. and can go over about ten acres in the
day. The land being ploughed, the drag passes across the
field, and theu the harrows follow to complete the operation
and collect the weeds.

Tne RotLER.
L]

Tue Roller is an instrument intended either to smooth and
xonsolidate ‘the surface of the ground, or to pulverize the clods
of earth turned up by the»actionof the plough and the harrow,

The roller chicfly employed is a solid c-wlue&el of wood, or
a hollow cylinder of cast-iron, gurmounted by a strony frame-
work of wood, in the shafts of which is yokéd one of the ynimals
of draught. The othey animal, when two are employed, is at-
tached by chains to the shafts, and moves in s line before. The
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manner in which the frame surmounts the cylinder, on the pi-
vots of which it rests, will appear in the following figure.

The length of the «,.inder of the roller may be 5 feet and
its dinmnetcr 24 inches.  The substitution of cast-iron for woode
is a great improvement in the constructiml of this machine,
on account of the superior durability of the material, and be-
cause the iron surface is less apt than the wood to collect mud
as it moves along.

Frequently, instead of ane long roller, the eylinder is divided
into two, us shown in e figure, so thut caeh part may,revolve
separately.  The design of this is to diminixl the Iabour of the
o cattle in turning.  Sometimes upon the frame is fixed a large
box, in which are put stones to incrase the weight. The
weight of the roller, however. will he best increased by adding
to that of the cylinder; for thg adding to the weight of the
frame increases the friction in the way in which it is most con-
siderable in the machine. ngmely, by the pressure of the sur-
mounting frame upon the pivots. Lor the same peason, it is
an error to render the frame tog heavy, the weight being al-
ways etter indreased by an addition to the weight of the cy*
ll.lld(‘l‘ than to that of the frme.

Fot the constyucting of this machine, itis important to know
whether the cvlmdc;}' of large or small diameter be the most ef-
ficaciqps.

Contrary to the opinion very generslly entertained by the
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makers of the instrument, the roller with the larger, is sube—
rior to that with the smaller, cylinder. It is conceived that
it can be falrl) deduced from a consideration of the forfn and
moite of action of the machine, that comparings together two
rollers with cylinders of wnequal diameter, that with the larger
cylinder will be more efficacious than that with the smaller
cylinder, because a greater weight can be brought by the
exertion of the same force to act upon the ground.

The manner of using the roller, and the cases in which it is
to be employed, will be afterwards explained.

The weight of &he roller may vary with the nature of the
soil upon which it is to act. On farms of stiff clays.it may be
from 16 to 20 cwt.. and on the lighter class of soils a weight
of 12 ewt. is sufficient. _

The cast-iron roller is subject to be broken when dragged
along a hard road, to obviate which may be employed a low
frame on wheels, on which the roller is then to be put.

V. MACHINES FOR SOWING.

1. MA::{H.\'ES Por Sowine CornN Iy Rowse

Tae seeds of the different kinds of corn may be sown, either

by being scattered irregularly, upon the surface, or by being
deposited in rows at given distances from one another. The
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first method may be done by the hand, the seeds being scat-
tered from a basket, or from a sheet slung over the shoulder
of thesworkman.

When seedj are scagtered upon the surface, which is termed
sowing broadcast, they fall upon it irregularly. They cannot
be placed at equal distances from one another, but nevertheless,
if the operation be performed well, the inequality of distance
between individual seeds is too inconsiderable to affect the ge-
neral result, apd the average distance is sufficiently preferved
thus: '

Fig. 29 .

For the purpose, however, ofyallowing the ground to be tilled,
and weeds to be destroyed during the growth of the plants, the
seeds are frequently sown in rows, at given distances from one
another, as 9, 10, or 12 inches.

° Fig 26,
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In this dase there is gn interval between, the rows of seeds,
which, until the plants shall have spread their leaves and stems
over it, may be tilled by hods or other means. The sowing of
seeds in thls manner is termed the row or drill system, and
different kinds of instryments aresemployed for sowing, aceord;
ing as the.sceds may be thoge of cepéhl grasses, as wheat : of
certam leguminous vlants, as the bean ; o# of smaller s®eds, as
the turnip.

Various modes of construction have been adopted for this
class of machines. Generally % frame-work is placed upon two
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wheels, and upon this is’ an oblong box for containing the sceds.
From the axle of the wheels motion is communicated to a
spindle or axle, which passes hovizontalsy through the -lower
par# of the box, and upon this axle may be h.wd at the dis-
tances required, a series of grooved or futed evlinders.

There are apertures formed near the hottom of the hox, and
as each cylinder revolves amongst the seeds. a certain portion
of them is collected in the grooves at each revolution, and ix
carried round in the grouves, and falls through these apertures.
By making the grooves larger or dhaller, so as to tontain a
larger or smaller quantity of sceds, or by making the apertures
of the seed-box larger or smaller, so-as to allow a larger or
smaller quantity of seeds to pass through, the machine can be

-made to sow the seeds more or less thick. a< may be required.

The seeds, after passing through the apertures. fall into tubes
or funnels, through which they are conveyed to the ground.
Immediately betore the lower part of each funnel is a sharp
hollow coulter of iron, which encloses the lower part of the
tube, and makes a rut in the grountl into which the seeds fall.
By thesz means they are sown in the qu.mtxt\' required, and at
the depth to which we choose to set.the coulters,

To sllow the rows to be at larger or smaller intervals, the:
cylindels are generally moveable upon the spindle, so as that
they may be set at any distanee sequired, as 9, 10, 12, or more
inches. The coulters are made tomove at the depth required,
and to be lifted up'along with the tubes or funnels when neces-
sary, as at the turning at the end«f ridges, the ¢ncountering
of obstacles, and the like. .

Sometxmqs the axle, insteag of havmg cvlmders upon it with
grooves, has a series of smal] plm()us or teeth.

Or, in place of the teeth there is employed a series of stiff
brushes, ‘The teeth or brushes revolve in the same manner as
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the fluted cylinders, and by keeping the seeds in motion, cause
them to fall through the little apertures or holes near the bot-
tom of the box Tht holes are made to be enlarged or dimi-
nished by mgans of & sliding iron-plate, placed upon them,
with an equal number of similar hojes with those of the iron-
plate. When the holes of the seed-bbx and ‘the iron-plate
correspond, that is, when they are placed exactly one upon the
other, the holes through which the sceds drop are of their
largest size. , But by moving the iron-plate a Hitle to a side,
the holes do not entirely correspond, and hence the holes
through which the sceds fall are lessened $and by moving the
irm-plate still further to, one side, so as that no part of the
two sets of holes shall correspond, those of the seed-box are en-
tirely covered.  The ivon-plate which thus lessens or closes
the apertures of the soed-box, is moved by a lever, and fixed
in its position by screws.

In Fig. 29, the principle gf construction is that of teeth or

brushes fixed upon an axle, which is mor e‘mmplc than when
the method of grooved cylinders is adopted, and is found in
practice to be equally or more efficient.
" Crepresents the seed-byx, formed with a lid at top, by which
the seeds are introdused. At its lower part are the holes
through which the sceds fall, and covering them all is a thin
iron plate with corresportding apertures. By moving tht iron
plate, which is done by means of a levey, the holes of the seed-
box are enlarged or diminished "to the degree required ; and
i i i, &e. are a series of tifl tub®, enfarged at the upper part
where they are in contact with the seedshox, which lead to
the hollow iron coulters £/ f f, &e. These hollow coultbrs are
sharp before and open bebind, They inclose the tin tubes at
their lower end, and make a rut in the ground, irfto avhich the
segds fall. Insthe figyre, 11 of these coulters witlt their corres-
ponding ;ubee are shown ; and they are so made as that by
incafts of a simple contriv ance, some of them may be cldsed up,
and the othérs placed at cqual distances from one another: In
this way 7. 9, or 11 rows may be sown as may be reqmred

At the bottom of the seed-box within, is placed the horizon-
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tal spindle on which are fixed the teeth or brushes, which, agi-
tating the seeds in the box, cause them to fall tl'u'ough the
boles into the tubes. Motion is given to<his spindle by reans
of a toothed wheel upon the axle of the wheel E. . This moves
a small intermediate wheel, and this again the wheel K placed
upon the end of the spindle. In this manner the spindle with
its brushes or wheels revolves amongst the seeds, and by the
motion which it gives to them, causes them to fall through the
holes into the tubes, whence they are conveyed to the ground.
When the spindle’is stopped scarce any seeds fall through the
apertures, and by rueans of a lever 1., the workman has the
power of throwing the moving wheel out of geer, and thus
stopping at once the revolution of the spindle. BB are the
shafts attdched by means of hinges to the machine, between
which the animal of draught walks; afid AA are the handles
upon which the workman presses, and by clevating which, he
‘is enabled to lift up the seed-box and coulters, so that the lat-
ter may, if required, be raised enfirely out of the ground. G
represents a part of a long wooden bar, with a rod and sharp
piece of iron H, fixed to it by hinges at I. The purpose of
this is, that when the machine moves across ridges, which is
the way in which it is often employed,.a mark or rut may be
made in‘the ground : and when it returns the animal of draught
walks” in the rut or track which had thus been formed, and
which is accordingly the guide or mark by which the workman
is enabled to direct the course of the machine, This marker
is madeé to be lifted to eitherwide ak may be required. The at-
tachment of it to the machine s not shown, on account of the
smallrtess of the figure.
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9. M.icHINE FoR SowING CorN AND GR4ss-SEEDS BRoAD-CA4sT.

The sowing of corr! from the hand is known to be attended
with some ungertainty, being dependent, for the accuracy ofsthe
execution, upon the skill and attentiqn of the sower. The re-
gularity of the work is also affected by inds. In cither case,
the means rarely exist of detecting the degree of imperfection,
until the plants are above ground, when it is too late to correct
it. Asa remedy for these inconveniences, a machine has been
introduced into agriculture, for sowing the seeds of corn and
grasses broad-cast. The great recommentdation of this ma-
chine is, the regularity apd certainty with which it performs
the work, the saving of seeds, and the rendering the execution
independent of unskllfulness and the want of care in the ope-
rator.

The machine consists of an oblong hox 16 feet or more |
in length, supported upon a frame-work with three wheels.
Working at the bottom of tl.le inside of this box, is a horizon-
tal spindle AB, Fig. 30, upon which is fixed a series of pi-
nions {or a spindle OP, on which is fixed a series of hard
brushes). at the distance from one another of about 7 inches.
Motion is given to this spmdlo from one of the hinder wheels,
by means of the axle C, upon the end of which is fixed the
mitred wheel ). This tvorks into a small mitred wheel upon

the little shaft E ; which again, by mgans of anotfep mitred.

wheel working into a similar wheel ¥, gives motion to the
horizontal spindle. In thisnansier the spindle with its'pinions
or brushes, is made to.revolve'as the machine moves forward.
At the lower part of the seed-box within, are hollowed'out ca-
vities, in which™the several pinions work ; and at the bottom
of cach of these cavities is a small aperture or lole, through
which the seeds fall. o There is®thus along the whole bottom of
the secd;box, a line of holes; and a"long thm iron-plate upon
‘the butsxde of.the seed-box is made, with similar holes. This
iron-plate i moveable bv weans of levers, and is made to
be fixed ina gwc‘sn position by screws. When the holes of
the iron-plate are placed so as to correspond exactiy with
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Pig. 30
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those of the seed-box, the holes through which the seeds fall
are of their, largest slze By pressing the iron-plate a little to
one sidle, it partlally dovers the holes of the seed-box, and thus
the holes threugh which the seeds fall are diminished ;*by
pressing the iron-plate still more ta a side, the holes of the /
secd-box are covered, and no more seedsfall through. In this
manner, preciscly as in the case of the drill-sowing machine,
the apertures of the seed-box can be enlarged or diminisi.ed,
so as to allow a larger or smaller quantity of ‘sceds to fall
through. The seeds, however, in place of falling into tubes,
and being thus conveyed to the ground, andideposited in rows,
“fafl at opce upon the grgund, and so are sown broad-cast.
They are then covered by the harrow,«in the manner to be af-
terwards described.

Fig. 31 is a perspective view of the machine. AB represents
the long wooden seed-box.  CD are the shafts for the attach-
ment of the animal of draught. LI are two small levers for the
purpose of moving the iron-plate, and N is ®ne of the screws
for fixing it in its position. M is a lever acting vertically for
the purpose of changing the position of the seed-box, which is
sometimes required in the case of a steep ascent.

The anjmal of dra.ught beéween the shafts walks in the hol-
low of the rldgg, in which plso moves tift fore-wheel, *which,
however, is not seen, in the figure, being hidden by the seed-box
and frgme. The long wooden box extends over half the space
of each gdjoining ridge, and thus the breadth of an entire ridge
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issown at once. In order that the machine may be adapted
to variations in the breadth of ridges, some of the holes at each
end are made to be closed by means of sliders. The workman
Ls behindt A man aml a horse with this mackine, with
the assistant required to,bring forward the secds and cmpty
them into the seed-box, will sow from 20 to 25 acres in a day.
The regular manner in which the seeds are sown by means
of this kind of machine, renders less secds necessary than when
the common method of sowing by the hand is practised. And,
further, this greater regularity in the distance of the sceds
from one another, produces a more equal growth or braird of
the plants. .
Besides the sow mg of the cereal § grains, the machine is well
adapted t6 the sowing of the sceds of the grasses and clovers.
The seeds of these plants are very minute, and more diiﬁculty
;exists in sowing them with regularity than the larger grains,
"and in an especial manner during winds, when, from the light-
ness of the seeds they are easﬁv blown away. When the
seeds of clovers and grasses are to be sown, the spindle with
brushes, in place of that with pinions, is to be employed.

3. MacuINes For SowiING THE SEEDS OF THE BEAN 4xD PEa.

The’seeds of the Béan being of larger size than those of the
cereal grasses, a peculiar kind of machine is employed for sow-
ing them

The simplest of these machmcs consists of aaced box, in
the bottom of which works a groeved cylinder. At each re-
volution of the cylinder a quantity of sceds deperdent upon
the size of the grooves, is cagried round, and these falling in-
to a tube at the bottom, are conveyed'to the' ground. This
maching is generally made to sow only one row at & time. [t
is thus so light as to bhe'pushed ferward by the hand, and is
moved upon a single wheel like a wheel-harrow. From this
wheel, motion is conveyed to the cylinder by means of eranks.

In the followmg figure, A is the secd-box, at the bettom of
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which the grooved cylinder works ; BB are the handles held
elevated by the workman ; E is the wheel on which the ma-
chine moves : CC ard the cranks connected with this wheel,
which gives motion tosthe grooved cylinder within the box » D
is the tube through which the sceds fall into the rut prepared
for them in the ground, in the manner to be described, when
treating of the culture of the hean.

Fig. 2,

But a better machine is now employed for sowing the seeds,
of the bean as well as of the pea. In this implement, as in®
the other, a grooved cylinddr works in thegbottom of a seed-
box ; but the seeds are conveyed to the ground by three tubes
in place of one, so that three rows are sown at once. The
machine is drawn by a single horse, and the seeds are de-
posited in the hollows hefhveen drills previously formed, in the
manner to be explained when describing “the culturs of the
bean and pea. Fig. 33 vepresents this machine: AB js the
seed-box, and C the wheels by which motion is conveyed to
the grooved cylinder; DDD are the tubes through which the
seeds fall, and EIF the shafts to which the animal of draught
is attached. .
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4. Macnixe ror Sowixe THE SMALLER SEEDs 1N Ro ws.

The seeds of the turnip and a few othtr plant$ cultivated in
rows require a peculiar class of machines.

These differ very much in the details of their construction,
and arc more or less perfect in different parts of the country.
Sometimes the method befure explained of grooved cylinders
is adopted, the size and mode of action of these being suited
to the minute seeds to be sown. The seeds are then carried

which make ruts in the ground intowhich the seeds fall.

In place, however, of using grooved cylinders, the more com-
mon.method is to place the seeds in cylindrical boxes of iron
or tin, which are made to revolve, and which being perforated

.'n a line all round, the seeds fall through as the boxes revolve.

Embracing the cylindrical box ig a thin iron or tin plate, in
which also are perforated sets of holes, by slight change in
the position of which, a greater or smaller number of holes in
the boxes can be covered, and so a greater or smaller (uantity
of sceds allowed to fall through. .

Fig. 34, represents this method of construction. AA are two
boxes or hollow cylinders of tin, with 4 row of holes round each
cylinder. Into these cylinders the seeds are introduced by
means of apertures with sliding lids. Motion is given to them
by a pinion upon the axle of the wheelat B.  This acting up-
on the intermediate pinion C" gives motion to the pipion upon
the end of the axle' ). The cylinders AA being fixed upon
this axle, they revolve in proportign as the machine is moved
forward. The sceds falling into the tubes GG are, conveyed

to the ground The’ hollo»ﬁcoulters HH defend the lower
extremity of the tubes, and make ‘rutsy into which the seeds
fall. 1 is a lever, which, by means; of a toothed wheel work-.
ing mto the teeth.of" the dron-plates KK, can move the lower
ends of the coulters and tubes to a greater pr smaller distance
from each other, according as the rows may be somewhatqmore

or less dist;ant. ,
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Yig. 81,

Fig. 85, represents the machine complete. , AA are the
shafts, to which is voked the animal of draught. BB is a
wooden box, in which are contained the cylinders, to which mo-
, tion is conveyed by the pinion fixed upon the axle of the large
“wheel C. DD ave the hollow iron coulters, in which the tubes
for conducting the seeds to the ground’terminate. EF are two
hght wooden rollers, which follow each track of the coulters,

KN a largrer wooder -Vler in front, the

and bat the effect of +1is roller is to flatten and compreép these
drills just before the seeds are sown. (GG are two handles
which are held by the wggkman. These are attached to the
coulters in such a manfi 1er, that when eithew handle is lifted up,
the corresponding coulter also is raised ; and thus the workman
, bas the power of lifting 'up either coulter, when impedéd by
roots or other obstacles.

Somet.imes the, machines of this clags are made to sow only
one row at a time; but it is an improvement that they be made
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to sow two rows at once, both on account of the saving of |,
bour, and of the greater steadiness with.which the larger ma-
thine moves forward. Sometimes motion is communicated to
the horizontdl spindle, not by means ofstwo wheels, as shown
in the figure, but by a eommunication with the roller which
flattens the ridges. These and other variations, however, in the
construction. it is not necessary here to detail, the purpose being
to describe one good machine, and not the many differences of
constraction of which this class of instruments is susceptible.

111, IMPLEMENTS EOR HOEING

Tue machines of this class are those which are employed for
:he purpose of tilling the intervals of Iilqntg which are sown in
oWs. A
. The plants which are cultivated in this manner are, in cer-
tain cases, the cereal grasses ; in‘other cases, the bean, the pea,
and such legﬁminous plants as are cultivated for their sceds
but, above all, the turnip and other plants of the cabbage fa-
mily, the potato, the carrot, the he.et, and various plants cul-
tivated chiefly for their roots, bulbs, o> tubers.

The instrument most gencrally employed for tilling the in-
tervals of the cereal grasses is a hue used by the hand ; al-
thougk, where the syjtem is practised to a great extent, it is
found convenient to employ a series of hoes, moved by horse-
labour. These are commanly flat triangular shares, of such a
size as to occupy the interval'of the rows, and so formed as to
be sét at a greater or less distance from one another as may be
required ; and they are attached 1o a frame fixed on wheels,

But, in ‘the practice of the farm, the hoeing 'mstruments
cthat may be considered as rtally esseptial, are those used for
tilling the intervals of Ieguminoys plants, as the pea and bean,

of the plants of the cabbage family, and of the variots spe-
cies of plants cultivated for their roots and tbets,

A hoeing instrument for the latter classr'eg; of plants is a com-

mon plough, formed upon the principle of the plough ‘é.lrendy
described, but of smalier size, and drawn hv one horbe.
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In us ing this plough, the animal of draught walks in the in-
terval between the rows of plants. The plare of the left-hand
side of the plough is made to go as near the line of plints as

.can be done without injury ; and in this manner the plough
cuts off it shallow slice of @arth, and lays it in the interval be-
tween the rows. The same operation is then perfm'med with
the adjoining row of ,xlants by the vlough returning in the
same inter—:';, i,
and thu "¢

ing rows .
tween them Tlns is a very efficacious k[)et‘leh ot tillage, though

attended with some expense of labour. It is frequently used
in the case of the first hoeing to be given, to potatoes and tur-
nips, in the manner to afterwards described, and in the

case of beans where the land is stiff and tht intervals wide.
Besides this, however, are employed hoes of very various

e censtruction, which, by means of shares and coulters, or of
coulters alone, till at one turn the entird interval betwéen the
rows of plants. These are sometipnes made with beams.in the
mauner of the plough, and sometimes without beams in the
manner of the harrow.’ The former is, for' general purposes,

the best snethod  construction, and the figure represents a ma-
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chine of this class suited to the different purposes to which it
is applied.

1t will be seen that it is formed with a beamn a.nd hahdles,
1iké a plough.” It has a triangular two‘winged "sharc, which
passes between the rows of plants. Fixed to the horizontal
bars are two upright coulters, bent inwards at the lower ex-
tremity. The bars to which these coulters are attached slide
upon the cross-bar AB, and are fixed by hinges to the beam,
and thus the uprlght coulters can be placed at such adistance
from one another, as to work as near the rows as they can go
without cutting or"injuring the plants. In this manner, by
means of the broad share in the cen#re, and the coulters at the
sides, the entire space bétween the rows of plants is tilled.

Further, by removing the two laterpl coulters, and substi-
tuting two mould-boards, a hoeing machine of this kind may

J>c converted into another implement employed in tilling the
ground—a double mould-board plough. The effect of using
the lateral coulters in tilling, is to move, in part, the earth
away from the plants. By substituting the double mould-board
plough, the operation is reversed ; for, by passing along the
intervals of the rows, it lays back the earth towards the plants
from which it had been moved by thie action of the lateral
coulters.

Fig. 87, represents the instrument, with its broad share and
lateralcoulters. Fig.38, represents it when the coulters and
bars to which t