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PREFACE
To the Fecond Edition.

The first edition of the following Lectures was submit-
ted to the Publio at the close of last year. The favour-
able reception awarded by Agricultural Societies* and
other public bodies, to an attempt at a familiar exposition
of the principles of farming practice in their application
to the circumstances of this country, has induced me to
prepare the present volume with increased regard to the
purposes I design it to fulfil. 1 donot pretend to offer
anything new in the Science or Practice of farming. I
have merely endeavoured to draw a popular illustration of
the relations which exist between Vegetables and the me-

diums in which they grow, on the one hand, and between

* T have much satisfaction in being able to state that the authori-
ties of the Societies &c., whose names are subjoined, have distributed
copies of the 1st. Edition of these Lectures among their members
and otherwise :—

No. of Copies.

Provincial Agricultural Association, . . . . . ., 100
County of Kent Agricultural Society, . . . . . 114
County of Oxford do. do. . . . . . 80
Council of Public Instruction . . 60

Teachers Institute-per Geo. Alexander Esq. of Wood-
stock, . . . . . . . . . . . . .. B
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vegetables and animals on the other ; deducing from the
knowledge we possess of their relationship, the proper
course to be pursued in attaining the most favourable de-
velopment of cultivated plants, and of domesticated ani.
mals. In.describing the rationale of those artifices which
are suggested by experience and acknowledged by Scien.
tific and Practical men to be inseparable from a judicious
farning practice, 1 have had especial regard to the cir.
cumstances under which husbandry is prosecuted in Can-
ada, in relativn to Climate, Markets, and tenure of Soil, as
well as to that mived system which universally prevails in
this Country. It would have been a uscless expenditure
of time and materialsto have described the details of many
artifices which cspecially belong to what is ¢alled ¢ high
farming ;" artifices which are not susceptible of adoption
in Canada ot present.

It has scemed to me that the chief objects which should
arrest the attention of Canadian farmers, are to preserve
the naturally fertile Soils of the country from pETERIORA-
tioN, and to restore the fertility of such as have been

already impaired,

The principles and practice involved in the artifices
which secure those objects, are the same which, when
pushed to cxcess, constitute high farming—a system of
practice which may succeed well in countries or localities
where land lets for fifieen dollars an acre por annum, bnt



v

which is commereially impossible in this Western Province,
where all farmers are proprietors, where excellentland is
abundant and cheap, capital scarce and dear, wages im-
moderately high, and the price of produce variable and
low.

I have addressed myself to the practical farmer and
student, in language as free from the technicalities of
Science as possible, under the conviction that the real bone
and sinew of the country, have for their elements men
who handle the plough and wield the axe with untiring
energy, and are yet unwilling to let the understanding lie
fallow or unproductive, when reasonable opportunity of

cxercising and improving it is offered to them.

The division of the Lectures into scctions, will probably
afford common-school teachers some assistance in present.
ing the extensive subject of Agricultural Scicnce to their
pupils in the form of short teaching Lectures, for each of
which, one of the sections of the 1'ecapitﬁlation is designed

to serve as the subject.
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ELEMENTS

OF THE

SCIENCE OF AGRICULTURE.

Part Fivst,

ON TIHE RELATION OF VEGETABLES TO THE

AIR AND SOIL IN WIIICH TIIEY GROW,

LECTULRE L

Introduction — Ohjeet of Acricaltural Cliemistry—23atter—Simple
Bodics—Conditions of Vegetahle Life—The Atnospherc — Its
Composition and Properties—Atimospheric Food of Vegetables—
Carbonic  Acid — Inflnence of Licht—Water—Its Relations to
Solids and Cinszes—Jts Conposition—Ammonia—Nitrogen —Or-
ganic and Inorganic Elements of Plants—Composition of Vege-
tables—R ccapitulation.

1. Wg ravoly appreciate the value of any scicnee in
its state of infuncy. It is generally impossible to forsee
what uscful results may flow fromits practical applica-
tion.  When, however, it leads to « discovery or invention,
which may be brought to bear with advantage upon in-
dustrial labour, it soon acquires a popular interest, which
ensures its rapid spread. The scieuce of Llectricity cre-
ated no stir in the arena of practical life, until electro-

1
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plating and the teleeraph gave it importance in the eyes
of practical men; and now wo know what it has done,
our anticipations arc almost bounrdless of what it may vet
be made to do; many of us looking forward with confi-
dence to u day, probally not fur distant, when additional
discoveries will enables us to convert it into a source of
cheap and commodious motive power.

2. The science of Chemistry has for ages been the
handmaid of the manuficturer in the preparation of raw
materials for useful and refined purposes.  Itis only of
late vears that her ail has been sought by the producer,
but with such successful results, that the light which the
application of Chemistry to Agriculture has thrown upon
his operations, enables him to convert an experimental
art into an intellectual and neble scicnce. A branch of
knowledge, hardly a dozen years old in its practical ap-
plication, eun, however, scarcely be supposed to have met
with an extended appreciation among the furming com-
munitics of Canuda, or ¢cven to have attracted the special
attention of Agricultural Socictics or private individuals,
whose means and opportunities would appear to aflord
them better fucilities  for improving their acquaintance
with it.

3. It has been ynst fully established, that Husbandry,
in all its branches, alllirds a wide and interesting field for
intelligent obscrvation.  The mast insignificant operation
of practical Agriculture, indecd, presents waterial for
patient reflection and minute enquivy.  The farmer may
vngage iua reatine of manuaal Tabour, established by cx-
pericnce, and requiring the mere excrtion of muscle, with
results satisfuctory to himself; he may also asssociate
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with bodily exertion, the higher exercise of his mental
gifts, promising him greater remuneration for his industry,
and a Dhetter acknowledsment of his privileges as an in-
telligent member of socicty.

4. In its first stage of development, the relation of
Chemistry to Agriculture was necessarily very obscure
and often much misunderstood.  The most sanguine and
exaggerated cxpectations were entertained respecting the
results to which it promised to lead while in this obscure
condition.  The non-realization of Immoderute hopes,
paved the way for the substitution of violent prejudices
against Scientific Aericulture in the minds of many prac-
tical men; neither was it until materials drawn from
experiments, confirmine or inodifying the prognostications
of theory, assisted in framing a scientific syvstem of Ag-
riculture, that the visionary anticipations of multitudes
becawme sobered down into a proper apprehension of the
actual good to be oltained by its adoption; an event
which has taken place during the last six or seven vears.
What Chemistry has already done for Agriculture is im-
msnse : what she nay yet do is incaleuluble.  And now
that a clear insight into their relationship is established,
the difficulfy of presenting a popular view of the subject
has almost vanished.

5. Very strong prejudices still exist among practical
farmers against book-fiurming, prejudices which have not
unfrequently arisen from disappointed hopes, and even
ruinous loss in following arbitrary rules, without under-
standing the principles upon which they are bascd.  Agri-
cultural Scicnee, adapted to the practice of every-day life,
it prescnts no prescribed

is no system of bouk-farming ;
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rules tobe implicitly obeyed. It portrays in simple lan.
guage, devoid of technicalities, the rcasons why farmers
plough, drain, fallow, and rotute their crops; it shows how
repeated eropping, without the application of manure, must
inevitably ruin for a time the most fertile soil; and it
establishes such an intimate relationship between the soil
and the kind of vecctable growing upon it, that every
farmer may frame for himsclf a rational system of Hus-
bandry, as varied as the soil he m»y chance to cultivate,

6. It has been occasionally urged, by some persons
who profess to speak frown expuericnce, probably acquired
in a very contracted sphere, that Canadian farmers, in
possession of a fertile s0il, do n.t at present require the
aid of a systematic system of agriculture.  Such an
objection, rarely advauccd it is true, may be dismissed
by a reference to the presentdeteriorated condition of many
fertile regions, and to that growing desire which every in-
telligent and enterprising farmer exhibits, to make himself
acquainted with the rationale of agricultural processes, as
well as to the invariable success attending the acquire-
ment of such information when judiciously applicd.

7. The complaint of diminishing scales of produce, is
general throughout the older scttled portions of the Un-
ited Provinces; it has Liew long and loudly urged in New
England and in the State of NewYork. listory, morcover,
furnishes us with namberless examples of once famed
fertile soils, in all yuarters of the world, now scarcely
able to make o quadruple retarn.

Protessor Norton, says, that *in many of the Kastern
States, where wheat was onee largely grown, its culture
has greatly decreased ; and in some districts scarcely any
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is to be found, excepting an occasional small patch of
spring wheat. It is common to ascribe this to the Hessian
fly, to the prevalence of rust, &c.; but after we have
made all due allowance for these causes of uncertain pro-
duce, the principal reason, in my judgment, is to be found
in the deterioration of the land.”

“The state of Agriculturc in the northern part of
America, in our own provinces, and in New England, is
generally what the state of agriculture inScotland proba-
bly was 80 or 90 years azo. Insome parts of New Bruns-
wick they are very nearly in the precise condition in which
Scotland was 120 years ago.  Go as far west as vou like,
and as far south as you like, the same geueral description
applies to the whole.”’—Profussor Johnston.

8. Enquirics into the causes of these results inform us,
that they are ‘the natural consequences of the system of
farming pursued. Where little attention is paid to a judi-
cious rotation of crops, to surface draining, to the proper
preservation of manurcs, or to the mode of applying them,
to the destruction of weeds and the seleetion of secd,—in
a word, to as careful a manacement as circumstances will
permit of all farming operations,—can we Dbe surprised
that the average of Canuda’s staple product, wheat, is less
than one-half the average of Englind and many parts of
continental Europe.

9. Another objection to the general adoption of Seientific
Farming practice, is said to be found in the cireumstances
by which Cunadian farmers are frequently surrounded—
distance from markets, the high price of labour, the low
price of produce and of land, all conducing to foster a
system of Husbandry directly oppesed to rational views.
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In answer to this objrction, we may urge, that Agricultu-
ral Science is replete with sucgestions, many of which
may be rcccived, and many, if not found remunerative,
rejected 5 it moulds itsi If to every condition of locality
and circumstance, and wherever ealculation proves that
some of its sugeestions are not remuncrative, they can
fursn no part of a rational systeru fur that neighbourhood.

10. The local expaorience of cvery farmer in the
country, will afford him abundunt illnstrationn of the vast
ditference in the results produced by eood and bad farm-
ing. There is not an old sctled Township in the Pro-
vinee, which docs not furnish many instances of intellizent
and well-informed  men, annually reaping double, and
somctimes treble the averase wiount of produce from
their farms, their neighbours are vainly endeavouring to
obtnin.  When we consider the circumstances under
which successful \griculturists, with no pretensions to
scientific knowledge, lave arvived at that course of opera-
tions which ensurcs o them favourable results, we caunot
fuil to discover, that experirnce extended over many
years, and prerhaps cencrations, has given them the clue
to success.  Dut, when the scene of eperations is changed,
when the farmer has to grapple with a NEw sorL and a
NEW CLIMATE, or when the valuable resulis of EXPERIENCE
are cither inapplicable, neclected, or unknown, it is then
that Agricultural Chemistry, by descending to clementary
principles, prrecrs the farmer how to build up a
systemeof [Tushandry, adapted to every kind of soil and
every variety of climate, in which eultivated crops are
capable of being produced with advantage.  The chief
design, therefore, of Agvicultural Chemistry, is to investi.
gate——
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ist. The relations of Vegetables to the Air and Soil in

which they grow.

2nd. The relations of Vegetables to Animals.

11. Since thereis not the slightest ground for the sup-
position that vegetubles or animals create matter, every
portion of their structure being derived either from the
air or the soil, it is maunifestly of importance to know the
nature of those substances which serve the purposes of
foold. We can valy obtain this infurmation by endeavour-
ing to ascertain what simple substances are common to
air, soils, vegetables, and animals, and to trace, as far as
the present state of the science enables us, in what way
this mutual interchange takes place. It is almost necdless
to remark, that we niust not exp-ct to find any simple
substance in a vegetable or in an aniinal which docs not
exist in one form or another in the air or in the soil.

12. The solid substances which compose the earth,
together with most of ils nuincerous and diversified inhabi-
tants, have been carefully examined by chemists, and the
malerials of which they are composed subjected to minute
and exact compurison.  This examination has terminated
in the singular result, that, notwithstanding the infinitely
varied mineral, vegetable, and animal fiorms \\'hich'pre-
sent themselves to our olscrvation, ALL arc composed
of one or more of sixty different simple indestructible sub-
stances 5 that Is to say, of substances from which nothing
different from themsclves can he obtained by any known
process.  All the metals furnish us with illustrations of
simple or nneompounded substanees—witter, woud, flesh,
and, indeed, every part of vegrtables or animalsis formed
by the union of two or more simple substances.  Many
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varietics of these bodics are rarely to be met with ; some
of them ncver occur naturally in a simple state, being
always compounded with other bodics, and only eapable
of being separated from them by mewws of Intricate arti.
ficial processes.  Oihors, ngain, are constantly present in
animals and vegetubles—conscquently, also in the air or
fertile soils. The number of those simple substances
which cuter into the eomposition of cultivated plants and
domesticated animals Is not nccessarily greater than
FIFTEEN, and in general FOUR out of the fifteen build
up nineteen-twenticths of their structure. It thus becomes
a matter of iuterest to cugniring mien, and of moment to
practical furmers, that they should obtain a familiar
acquaintance with the powers, propertics and distribution
of the fifteen simple hodies which play such an important
part in the marvellous processes of vegetable and animal
tife.

13. A very superficial examination of the circumstan-
ces under which vegetables grow, furnishes us with the
conditions upon which their life and health arc dependent.
They are six in number :—

1. The Composition of'the Air.

2. The Composition and Mczhanical Properties of the

Soil.

3. The Moisture of the Sil.

4. The Moisture of the Air.

5. The Temperature of Air and Suil.

6. The Presinee of Solar Licht,

The second coudition, namely, the Camposition and
Mechanical Properties of the Soil,"is the only one of the
six over which the furmier can excreise any di>rcct control.
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The earaposition, however, of air is invarihle, the pies.
ence of solar light newly so 5 and the eilicts of tyo much
or too little mwisture, in the form of rain or vapour of
water, as well as of (00 high or ton low trinperatures, can
b woniderfully ameliorated by thos artifices which cxpe-
rience and the Scicnce of Agricultur: suggest,

THE AN, 01t ATMOSPIERE.

1t. Pure cnuntry air is composed of two invisible
gascs, in which a small, vt variable amount of vapour
of water is always dissolved, tosother with a minute quan-
tity of a sour-tasted mas, called Carlonic Acid, or choke
damp.  One hundred ounces of air contain about—

76 ounces of a gas called Nitrocen ;

23 ounces of i gins called Oxveen

1 to 1} ounces of Vapour of Water;

3y of an ounce of a gas called Carbonic Acid.
These guses are intinutely wircd tozcther, and alwave
in the same, or very nearly the sane proportions; this
unifority of cooposition obtains at all altitudes, whether
air is tuken at the level of the sea or from the tops of high
mountains,

Nitrogen is a kind of stwple airor gas ; it is tasteless,
invisible, extinguishes flame, and is dostractive to animal
and vegetuble life in its pure state.  li serves to temper
and weaken the powerful efleet of Oxygen, with which it
is mixcd in the air we breathe. It may be procured suf.
ficiently pure for ordinary cxprriments by the subjoined
process :—I’lace a short candle in a basin, pour some lime
water (see art. 167) round about the candle, until it rises
within an inch of the wick. Take an crupty bottle witl:
a wide mouth, light the candle, and carcfully put the

.



inverted bottle over it, until it dips half an inch Lelow the
surface of the water.  Ina fw scconds the cundle will go
out, having, during the prozess of combustion . cvnsumed
all the Qxveoen wnd proluced Carbonic Acid, (art. 19.)
The water will rize in the bottle when it eocla. Cork
under water, and shiake the Lotthe. The Carlonic Acid
prodiced by the cambustion of the candle, will combine
with dissolved lime, and render the water mitk-white.
Nitrogen, nearly pure, renins in the formi of an invisible
gus.

Oxyeen is a simple gas, possessing many extraordinary
properties. Tt is destitute of smell. colour, and taste 5 all
Lodics burn with inereased enerey in Oxygen, and ani-
mials, when they breathe in its pure forin, are thrown into
a state of the greatest fuver and exciterent, which soon
tenminates inodeath. It forms Qxiles or Rusts when it
combines with Mctals, as for insiance, with iron, which,
when expeosed to air, unites with the component Oxygen,
and forms Oxile or Rustof Iron. It is also a ercat acid-
ifying agent, forming powerful acids when it combines
with certain bodivs, as with Sulphur, to form Sulphuric
Acid or Oil of Vitriol; with Nitrogen, to form Nitrie Acid,
or Aquutfortis. Oxyuen is very =enerally ditfused g it con-
stitutes eight-ninths of water hy weicht, and is found to
form a large portion of rocks, stones, soils, veoctubles,
and animals. Its presence in the pure state may be
shown in the tollowing niwner :— )

Fill a glass with water, invert it, and 1ot it rest upon a
saucer filled with the same fluid.  Place some areenleaves
under the glass and expose them to the dircet lizht of the
sun ; bubbles of gas will =0 be seen to form upon the
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surfuces of the leaves.  The gasis pure Oxyzen. Itis
obtained froin the decomposition of Carbonie Acid by the
leav.s, under the influcnce of the sun’s rays.  The bub-
bles will cease to b fsiined when all the Carbonic Acid
contained in the leaves wud wuter is decompasied.  Put
somie bits of chalk or limeslone and a few drops of vinegur
into the water ; the operation will be ruewed ; Carbonic
Acid belng liberated from the chalk or limestone.

15. The Air or Atmosphere extends to the height of
about 15 miles, and presses upon the surface of the carth
with a weizht equal to 15 1hs o every square inch of
surfier, or equivalent to that which would be praduced by
a sheet of iron five feet in thickness

itis nevertheless, 814
titnes lighter than water, one cubic foot weighing 555
grains. Durine thunder storms the passage of livhtning
through air, ciies the formation of a substauce nwmed
Amnwuia,—{art 31.)—a gas of very pungent olour, rea-
dily absorhed by water, and funiliarly known by the nune
ot Npirit of ITLutshorn.  Rain water fuvarialy contains
Ammonit, which it eollecets frony aae o its descent to the
carth.
16. Air, upon which the 1ifi: of ull vegetables is depen-
dent, coutaing, as we have seen, apparcutly insignificant
quantities of three bodics, Carbonic Aeid, Water and
Awmmoni, - One of the most astonishing results of the
application of chrmistry to vegetablo life and orgamzation,
is embraesl in the discoveries, that,
1g7. NINETEEN-TWENTIETHS BY WRIGIT, OF ALL VEGE-
TABLES, ARE DERIVED ORIGINALLY FROM THE AIR W&
BREATHE ;

onxn. THE ATMOSPHERIC OR AIR FOOD OF VEGETJABLES
EXISTS IN THE FORMS OF CARIONIC ACID, WATER AND
AMRMONIA.



17. These important principles in Agricultural Chemistry
may be made more evident, by tho fullowing illustration :
Let us suppose we burn ecompletely 1000 1bs. weight of
hard wood in a stove or fire-place, and carcfully weigh
the ashes which remain behind. They will be found to
constitute about onc-twentieth of the whole mass of the
woad, weighing not more than from 30 to 50 1bs., aecord-
ing to the kind of woud burnt.  The whole of that por-
tion which goes off in the form of smoke, vapour of water
and gases, existed at onr period in the air we breathe, in
the forms of Curbonie acid, Water and Ammonia. The
whole of the ashes were obtained from the soil in whieh
the trees originally grew.

18. We wnay now proceed to consider the properties and
souroes of the atmospheric food of vegetables, and endea-
vour to asecrtain the manner in which it assists in building
up their structare, also to what extent the formation of
their different parts or organs, is dependent upon a proper
supply of cach particular kind of fiud.

ATMOSPIERIC, OR ORGANIC FOOD OF VEGETABLES.

19. Carpaxic Acip.——This important gas food of vegeta-
bles possesses many singular properties. It is poisonous to
animals, incapable of supporting combustion, inodorous,
sout-tasted, and copsiderably heavier than the air we
breathe. It is composeil of Carben or Charcoul and Oxy-
gen ; in twenty-two pounds weight of this acid cas, there
are six pounds of Carbon and sixtecn pounds of Oxygen.
Water absorbs it with avidity, and thus acquires the power
of dissolving chalk and limestone. Carbonic Acid is an



active agentin lossening and separating into their consti-
tuent parts the surfaces of solid rocks, stones, and soils.
It possesses the power of forming combinations with cer-
tain substances found in rocks, such as potash, soda, &e.
Sowie of the compounds thus forned, being soluble in
water, are washed out of the rocks by rains and dews,
leaving the surface to a small depth extremely porous, and
capable of being disintegrated after the manner shown in
art. 26.

The leaves of plants absorb Curbonic Acid from the
air which envelopes themy duriag the doy tine 3 italso cnters
into tho plant along with the water absorbed by the roots
—Cuarbonic Aecid being always present in fertile soils.
(art. 74.)

20. When direct or diffused lizht from the sun fulls
upon the grecn parts of vegetables, th'y acquire tho
power of deeomposing Carbonic Acid—that is to say, of
separating the Cirbon from the Oxygen.  The Carbon
enters into the substance of the vegctable, and thus assists
in building up its structure, and is said to be assimilated.
The Oxyeen is given off by the leaves of lund-plants, aad
by the ronts of water-plants in the form of a simple gas.

During the night time, the Curbonie Acid coutained in
the water drawn up by the roots, is given off’ by the
leaves unchanged—few plants having any power to SCpa-
rate the Ciarbon from the Oxyveen duving the darkness
of night. The inability of cultivited vesctables to form
green colouring muatter in the ali«nee of light, may be
shown by shading a leaf, or an entire plant with a con-
mon flower-pot : it will beeome pale-colourcd or white.
In the absence of light, the leaves canuot decompose the
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Carbonic Acid they ubsorb. The Dbrilliant colours of dif-
ferent kinds of roses are produced Dy a constitutional in-
ability to decompose Carbonic Acid.  If the petals of the
fowers deconnposcd as much os the loaves, they would be
green. When potatoes are exposed 19 the licht of the sun,
the rind absorbs Curbonic Acid—decompuoses it, and forms
green eolouring matier,

21. Carlion, when pure. oxists only in the solid fqrm:
it then constitutes the diamond.  Lampblack and Char-
conl are impure Drins of Carbon. Carbon is insoluble in
waler; it mast necessarily combine with some body in
order to assumne the gaseous state, or breome soluble in
water, before it cam serve as food for vegetables. We
thus find it in the firm of Carbonic \cid, which is not
only guseous, but also very soluble in water: two char-
acicristics, which cnsure it a double access into the
system of vegctables, cither Ly the leaves in the form of
a gas, or by the roots when dissolved in water. The
leaves of forest trees will absorh all the Carbonic Acid
fron the air which passes throuzh them, during the con-
tinuance of a gentle brecse, fu brizht sun-shine.

22. A popular opinion prevails that some plants pos-
sess the power of turning their leaves to the sun.  The
motion observi d is purely mechanicul, and depends upon
the rapid liberation of Carbon from the absorbed Carbonic
Acid in those parts of the plant which are exposed to the
dircet rays of the sun.  "Vhe liberated Carbon stiffens and
contracts one side of the plant in forming new wood,
while the other remains conparatively flexille.  The
contracted side becomies arched, and appears to give to
the vegetable a limited power of motion in the direction
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of light: a Lrilliant ariificial illumination pruduces the
the same c!lict in the ratio of its intensity.  When Cuar-
bon is s-parated from arbonic Acid, it combines with the
component purts of water, and forms woody fibre, starch,
gum, =uuar, and oils.  Carbon obtained from Carbenie
Acid, formis from 15 to 30 Ihs. in every 100 1bs. of the
dry woud, stalks, and secds of cultivated plants,

23. Carbonic Acid is the inmnedinte source of all the
Carbon or Charcoal in vezetalles; and with the single
exception of Annonin, Carbon ex
of exclusively vegetable and auimal oriring - The constant

ts in all substances

presence of Carbonic Acid in the air we breathe, is due
to the respiration of animals, (art. 766 and 147.) the
combustion of bodics, and the decay of veoetable matter.
If all the Carbonie Acid present in the atinosphere were
collected i one spot, in its gaseous state, it would vceupy
a spacee of more than 130,000 cubic wiles. A vast store
exizts in the extensive Thnestone rocks which form a large
portion of the carth’s crust. Puee limestone, indeed, is
composed of one-hadf Lime and one-half Carbionie Acid,
which iy be driven off in the gascous formn by means
of'a vieleut heat, as in the operaiions of limekilns, This
acid gas nay be obtained in the following manier :—Pour
strone vinesar upon some pieces of chalk or linestone
violent ciltrvescence will o obscrved, caused By the 1ib-
cration of Carbonic Acid frow its viion with the lime of
the chalk, or limestone.,  Ifthe chalk s at the Lottom of
a decp oliss vessel, heavy Carbionle Acid will displace
the air, and a lizhtod picee of paper being introduced,
will be imncdiately extinguished.

21, Warer.—This abundant and necessary fluid is
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known to the agriculturist in five slates, the si'd, (ice,)
the fluid, (watcr,) the gascous, (vapour of water, steam,)
the vesicular, (clouds, mist,) and in combination with
certain bodies, (slacked lime.)  When water freczes, that
is, asswines the solid state, it expands with astonishing
foree, suflicient to Lreak the strongest vessels.  Many re.
markable results are produced by the expunsion of water
when converted into ice, amoua whicl, the floating of ice,
is perhaps, the most deserving of notice.  If water, in be-
coming solid, followed the almost universal law of contrac-
tion, ice would sink, and yearly increasing in thickness at
the bottom of decp seas, lakes and rivers. would produce
such a change in climate ws probably to convert the great-
er portion of the temperate zones into desolate and unin-
habitable regions.

23. We discover, however, a still more beautiful pro-
vision for arresting the conversion of oceans and seas into
solid masses of ice, in the sivwular property of water oc-
cupying the least space, and being conscquently heaviest,
at the temperature of 40 degrees—cight above the frecz-
ing point.  The warmth of seas, at depths beyond the
influence of the sun’s Lheating rays, is thus perfectly uni-
form, cflectually preventing the Arctic Oceans from
becoming solid and immovable maxses of ice.

The Climate of Western Canada, south of the 4 ith par-
allel of north lutitude, s influenced toa very creat degree
by Liakes Ontario, Erie, and ITuron, which remain unfro-
zen all the year round.  The mean winter temperature of
Invae tracts of country, sitnated to the cast of the Takes,
is 219, on the Lakes 27+, and west of the Lakes 20°.

26. During the autumnal months, rain and dews pen-
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etrate the ininute crevices and pores of solid rocks and
clods of earth, (art. 19.) ; in the winter months the water
freezes, and expanding, tcars their particles asunder ; thus
gradually reduces the hardest rocks into a soft and fiiable
soil. 'To the alt-rnate thawing and freczing of water in
the soil during the early spring months, and its conscquent
contraction and cxpansion, the  throwing out” of young
wheat plants is to be attributed, o disuster which may be
materially prevented by draining.

27. When water is converted into steam, or slowly as-
sumes the form of vapour, during the process of evapora-
tion, itabsorbs a vast quantity of heat, (art. 160.)  Under
ordinary circumstances, one cubic foot of water will occupy
1700 cubic fect of space when converted into steaun 3 but
when it is transformed into vapour by evaporation, at or-
dinary low tcmperatures, and mingles with the air, it
expands 80,000 times.  The quantity of water capable of
being suspended in air, is dependent upon the temperature.
When air is perfectly saturated with moisture, the least
diminution in temperature compels a portion of the sus-
pended vapour of water to assume the vesicular state, as
cloud or mist.  When the reduction of temperature takes
place on the surfaces of bodies, the vapour is deposited in
the form of dew. It is thus, that after the sun has sct, the
leaves of vegctubles on cloudless nights rapidly becoming
cuul, by the radiation of their heat into the clear expanse
above them, chill tlic surrounding air, and cause it to
deposit upon their upper surfaces the moisture, which, in
its chilled state, it cannot retain.

Tlhe quantity of this revivifying agent condensed on the
leaves ot vegctables in the Canadicn Peninsula is very
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great, and furnishes one important reason why Western

Canadn is less liable to suffer from those destructive
cstof the Lakes, and

not unfrequent towar!s the [lust and Houth.

We iy safely infor, that under our comparatively

serene summer sky, in conmeetion with a humid atmos-

drouchts which are common to the W

phere, the annual deposition of dew on forest lands amounts
to about 600 tons per acre, which, dripping from the trees,
and being sheltered from solar radiation by the dense shade
they produce, furnishes a steady supply to swamps and
shallow springs,

23, Most sulids and gases are soluble in water ; the very
existenee of vegetables and animals is dependent upon
this property. It is thus that river and well water contain
small quantities of” lime, potash, soda, maenesia, iron, be-
sides air und Curbonic acid.  The rcfreshing and agree-
able taste of springs is due to the presence of dissolved
air; hener, also, recently boiled water is insipid and
disagreeable. It apprars from recent investigations made
under the auspices of the London General Board of Health,
that both public and private economy and health, are ma.-
terially affected by the character of the water employed
for domestic and other purposes.

When vegetable or animal matter becones decomposed,
one of the results of decarnposition is Ammonia, which, in
assuming its gascous state. aliways carries with i vegetable
or animal matters in a high state of putresceney.  Ammo-
nia is rapidly absorbed by water, amd with it the animal
or vegetable substances with which it is loaded.  Hence,
water kept in open cisterns, or tubs, or even open wells,
in the neighbourhood of dung-heaps, stables, or in filthy
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vards, is sure to be vitiatedd by putrescent animal or vege-
table impurities.  Tf water thus impregnated be boiled, it
loses the injurious influrnees duz to deeayving matter which
may be present. Ordinary filtration will not destroy all
the organic impuritics of water which Las been kept in
vitinted or foul air; a ‘goud fiitr of animal charcoal or
clay will greatly lessen the quintity.

The use of hard water for cooking and culinary purpn.
ses, is npen to many objeetions.  In making tea with hard
water, containing sixtecn graing of lime to the gallon, (a
gallon of water contuing 70000 ¢ruins,) as much of the
leaf is required to make three cups as mizht make five
cups of cqual strength were soft water enwployed. The
extra expenditure of” tea, when made with hard water, is
about one-third. It also appears that soft water evaparates
one-third fuster than hard wuter, an important considera-
tion where steamn power s required. A single grain of
lime contained in a gallon of water destroys a quarter of
an ounce of soup; so that in water of ordinary hardness,
sy cight grains of lime to the gallon, two ounces of soap
are wasted in neatralizing the lime. ‘I’ persons who are
accustomed to wush in rain water, river water containing
five grains of lime to the gallon would appear hard, and
require one ounce and a quarter of svup to neutralize it ;
that is, to render it soft.  Soft water is much more favour-
able to health, as an article of drink, than hard witer.
Durine the late cholera, the inhabitants of a portion of
Glasgow enjoyed a singular immunity {roin the epidemic.
The unanimous opinion of the Mudical Sucivty was, that
this comparative immunity wasto be attributed to the soft

water supply.  Diitrent animals show an instinetive love
.
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for soft water. Ilard water produces a rough and staring
coat on hnrsrs, and renders them liable to gripes.

29. Water is composed of two gases: Oxyoern, before
described, and Hydrogen, a very lizht and inflammable
gaseous body, elementary, invisible, inadorons ; and,
when pure, destructive both to animals and vegetables.
It may be casily procured from water in the following
manner :—Introduce =ome iron turuings or bits of zine
into a small bottle.  Make a hele through the cork, and
inscrt the stem of a tobacco pipe. so that it fits accurately.
Mix some oil of vitriol (sulphuric acid) and water; about
one part of the forminr to four of the latter. Pour the
mixture on the etal, cork the bottle ticht with the pre-
pared cork, and after the lapse of a minute apply a light
to the cxtremity of the pipe.  The gas issving from it
will tuke fire. It is Iiydrogen, and is obtained by the
decomposition of the wuter. Take a small dry phial and
collect some of the gas by holding it over the pipe ; bring
it immediately to the flame of a candle; an cxplosion will
take place, and water be formed, the phiul becoming dim
with moisture,

If we mix 1 pound of ITydrogen with 8 pounds of
Oxygen, and pass an clectrie spark through the mixture,
a union will take place, and 9 pounds of walter be formed.
Chemists are acquainted with various wavs of converting
water into its component gases.  The perfeetly clean sur-
fuce of many metals, such as iven, zine, copper, &e., will
Immediately take Oxyveen from water, and liberate a cor-
responding quantity of lIydragen, which at once assumes
the gascous stite.  The water is then said to he decom-
posed, and thie action observed is due to the comparatively
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greater attraction of the metal for Oxygen than of Oxyvuen
for Iydrogen. The Oxyeen, separated from its union
with the [Ivdrosen, combines with the metal, and forms
an Oxide or Rust.  PLANTS rossgss THE 'OWER OF DE-
COMPOSING \WATER, AND MAKE UVSE OF ITS COMPONENTS,
OxyvieN AND lIYDROGEN, TO DBUILD UP THEIR STRUC-
TURE.

30. Water is not the only source of Oxyeen to vege-
tables; the leaves of plants absorb that gas from the air
by which they are surrounded diring the wicht time. It
has been found by experiment that the leaves of the
spruce-fir, if kept in the dirk for twenty.four hours, will
absorb ten times their volume of Oxyaen. This alsorp-
tion of Oxyuwen is inthmately connected with the formation
of peenline substinees in the leaves and burk, such as
resins and oils.  The leaves of the oak, which contain
a substance called lannin, absorh fLhurteen times their
volwne under the sime circumstances, and the balsxam
poplar twenty-one times as much. It is a very eurious
fact that cattle will cat ecrtain kinds of vegetables in the
morning

0

which they will not touch at noon, or in the
evening. A chanee takes place in the taste of the vege-
table during the twenty-four hours, cansed by the absorp-
tion of Oxvaen from the air during the night time, and
the liberation of [ydeosen from water during the day-
time, under the influence of licht.  In the morning, the
vewctahlos are acid, at noon tasteless, and in the evening
bil‘lcr. The roots of vegetables possess the power of
absorbine Oxyeen from the air present in the soil, or
from rain-water, which coutains three per cent. of that

Bnportant gas fu its pae and unconbined state, desolving



it during its passoge to the earth. Hence, roots should
never be covered with an impervious soil which refuses
aceess to air or rain-water.  Oxygen is also absolutely
necessry during the process of wcrmination in seeds.

31. Amnonia.—Ammonia, in popular language, Spirit
of Hart<horn, is formed in the air by the uction of light-
ning. It is composed of Hydrogen and Nitrogen. Three
pounds of the furmer combining with fourteen pounds of
the latter to form seventcen pounds of Awmonia.  This
body pussesses a singularly powerful odour, and an eqnal-
ly remarkable attractivn for water, which dissolves 780
times its voluie at the temperature of melting ice.  Am-
monia is cmitted by decaving  vegetable  and animal
matter ; it is also (mund in the perspiration of animals, and
is given off by the leaves of uny plants, as well as by
the flowers of a still greater number.

39, Rain-water alwavs contains Ammonia, washed
from the air throush which it passes.. Its presence in
rain-water can be detecteld by evaporating a considerable
quantity of that fluil—say one gallon—to the bulk of a
table-spoonful.  Upon adding a little lime, and =nspending
a feather dipped in Spirit of Sult, or good Vinegar,
over the cvaporating basin, white fumes will be observed,
which indicate the presence of Ammonia. In order to
discover its presence in solids, the solid should be reduced
to powder, and mixed with an equal quantity of lime,
then heated by m~ans of a spivit lamp, and the same test
applied as given above.

33. Ammonia is absorbed by the roots of plants along
with the water in which it is dissolved ; it is found in the
juices of all vegetables, and its odour can be perceived
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whenever lime is added to the juice of the maple, in the
processof making maple-sngar. The characteristic smell
of close stables, is duc to Arvamonia procecding from the
decorposing urine. Many solild bodiis possess the power
of absorbing lurae quantities of Ammonia — such as
partially burnt clay, rust of irom, gvpsum, wnid expecially
powdered chareoal, decaying wood and verctuble matter :
these sulistances relinquish much of what they have con.
densed within their pores, to the water with which they
may be saturated.  Awmmonia is « very importunt portion
of the ool of vewctibles. It is the chicf source of the
Nitrogen in cultividid erops.

31 It has been a disputed point shether veartables
possess the property of absorbing Nitrocen direetly fram
the atiosphere by means of their leaves, or even of making
usc of that which is contiined in its pure and simple state
in rain-water, (about two per eent.) It is now thought to be
ascertained that some vegetables do possess the power of
using pure Nitrogen as food, and that others can ounly
obtuin that body by the decomposition of Annnonia. Soae
kinds of clover derive a Targe supply of Niteowen directly
from the atmospliere 3 whereas grain-producing crops (cs-
peciadly wheat) have no power to assimilate Nitrogen from
the wir by which they are surrounded, or even feed on
that which is taken up into their system by means of the
water they absorh from the soil. It is thus that grain.pro-
ducing crops exhaust the soil of Annnonian—the only com.
mon form of fiod containing Nitrogen accessible to them.
[{euer, manures containing large quantitics of substances,
which, upon decompusition, can produce Anmonia, are
of special advantoge to grain-producing crops, (art. 104.)
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Nitrogen is absolutcly necessary in the formation of t'he
seeds of plants; and the more Nitrogen the seeds contaln,
the more nutritious they will be as articles of food. The
best samples of wheat contain the largest amount of Nitro-
gen 5 derived, probably, nearly altogether from Ammonia.
Nitrogen is also found in the juices of vegetables, in forms
capable of serving the purposes of nutrition, (art. 124);
hence certain kinds of ¢reen food are more nutritious
than when in the dry state, as green oat straw, green
clover, green grasses, &c.

35. It has been remarked, that the three bodies, Car.
bonic Acid, Water, and Ammonia, constitute nine-tenths
of the food of veurtables, and are composed of four simple
or elementary bodies, thus :—

Carbonic Acid, from Carbon and Oxvoen ;

Water, “  Oxyuen and Hydrogen ;
Annnonia, «“ IIydrocen and Nitrogen.

The simple or clementury bodies, Cirlon, Oxygen,
Ilydrozen, and Nitrogen, are called the ORGANIC
ELEMENTS of vegetalles and animals, because the
organs or parts of vegctables and animals which have
functions or duties to perform, which possess an organized
siructure, and arc the result of veactable or animal life,
(as the bark, the leaf; the cells of the wood, in vegetables ;
and the skin, the muscles, the hair of animals) are either
altogether, or almost altosither, formed from them.  Such
substances, however, as stones, rocks, soils, which do not

lb(')S-\:

css uny organized form or structure, or any parts
having certain duiies to perform, are termed inorganic
bodies, and the simple bodies of which THEY are com-

posed, INORGANIU ELEMENTS.  In general, the
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organic elements of vegetables go off in the form of smoke,
&c., when a vegetuble is burned, and the inorganie portion
constitutes the Ash.

36. The rativs in which the simple organic elements
enter into the conposition of vegetables, vary slightly
with different species. If the wood of the oak, the beceh,
the elm, the maple, or the straw and sceds of wheat,
barley, oats, &c., be dried in an oven, so as to drive away
all moisture, and the remaining portion subjccted to anal-
ysis, it will be found that these, and indeed all enliivated
verctables, contain in cvery hundred pounds weight—

From 40 to 50 Ibs. of Cuwrbon,

“OD to D o . Ohveen, Opaanic
“o 0o T - - Tvdrozcen, { Elensents.
“ Loto 3 . o Niteen,

Including the
¢ 2 to 10 - - Ash, \(nurg:mi(:
Elements.

37. A more exact composition of some important vese.
tables is given in the following table (—

Carton. | T

, bs. s, ‘ 1L~
Wheat ... o] 461 R 431 23 2
Onts, ... Mg G 46T ag g
Wheat Straw . i~ 0.3 329 |
Oat Straw . ‘ 5001 54 390 4 !5
Clover hayred) | 171 50 378 21 7
Totuto . . . .y {410 5% ST 15 1
Tavinp .. r S0 55 423 17 7.6
Yellow Peas | 465 62| a00 | 42 0 a.
Pea Straw . . i 458 50 | 456 23 1L
Jerusalem  Ar- ! :

dchoke .. | aaa | a3 1 a3 16 160 |= 1o
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In illustration of the above tubles, let us tuke, as an ex-
ample, Red Clover Tlay.  We find that 100 lbs., when
well dxmd, are composed of i34 1bs. of Carbon 5 5 1bs.
of'[].dlocren, 371% 1bs. of Oxygen ; 2% lhs. of Nitro.
gen ; and 775 1hs. of Ash.  Or, in other w ords, 927 1bs.
out of 100 ]b\. were obtwinel from the three substances—
Carbonic Acid, Water, and Ammonin, and only 7% lbs,,
out of 100 lbs., derived frum the solid substances of the
earth.

3%. When vegetables decay, many and very complex
changes take place, but all these finally result in those
which restore to the air we breathe, and the soil we tread
upon, the substances from which they were originally
constructed. ¢ All the innumerable products of vitality
resume, after death, the original form from which they
sprung. Thus, the destruction of an existing generation
becomes the means for the production of a new one, and
death Lecomes the source of life.”—(Liebix.)

RECAPITULATION.

1. 'The application of Chemistry to Agriculture enables
us to establish the mutual relations whicl exist between
Plants, Animals, Air, and Soil.

2. A knowledge of these relations teaches us the mode
in which we may obtuin the greatest remuneration for the
least expenditare of Capital and Labour. [t elevates an
Artinto a Science, and associates high intellectual acquire-
ments with laborious, yet honourable industry.
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3. Vegetable life and health are dependent upon the
composition, moisture, and temperature of the Air and
Soil, i the presence of Solar Light.

1. The food of vegetables may be dlivided into wwo
elasses :—1xt. Orzanic fund, or that which is obtained
chicfly from the Atmosphere; 2nd. Inorgunic foud, or
that which is obtained exclusively froni the Soil.

5. The Orcanic food consists of Carhmie Acid, Water,
and Auunonia. From toese substances vegetables derive
their chicf supply of the solid Carbon, and the guses
Hydrogen, Ohxyveuen, and Nitrogen, which build up about
nincty-tive hundredths of their holies.

6. Carbonie Acid 3 a nonsapporter of combustion ;
invisible 3 inoderous 3 sourdasted 5 possesses acid pro-
perties 3 heavier than air 5 cagerly absurbed by water ;
great decomposing agent, especially of rocksy sencrated
by decay of animal and veectable watter, Combustion
and Respiration 3 a constant adwixtare of Air 3 ahsorbed
by the leaves and roots of plants; composed of Cuarbon
and Oxyveen ; gives Uarlrnn to veaetables,

7. Water : exists in five states; heaviest at 4025 ab-
sorbs hcat when its form is changed from a solid o a
fluid, or fluid to a vapour : dissolved by Air in propor-
tion to the temperature ; upon coundensation forms clonds
or mists, and, when condensed on the surfaces of bodies,
dew ; possesses a great solvent power for gases and
solids ; pure Water is most conducive to animal health,
also to domestic and manufacturing economy ; composed
of the gases Oxygen and Hydrogen decomposed, and
its elements assimilated by plants; Water is the great
agent in conveying solids and gascs into the system of
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plants by their roots ; it is exhuled by the leaves and
stems.

S. Ammonia : formed in \ir by the action of Light.
ning, also by the decompaxition of vegetable and animal
bodies containing Nitzowen ; conposed of IIydrogen and
Nitrogen ; cagerly absorbed by water, clay, vegetable
mould ; enters plants by their roots, and is the main
source of their Nitrozen.

9. The ulthmate results of the decomposition of orga-
nized bodies are Curboric Aeid, Water, Anumnonia, and
a minute quantity of A=h. ¢ Thus, the destruction of
one generation becomes the means for the production of a
new onc.”



LECTURE II.
—

General Suveture of Vewotahlow—"Tinnsmission of Water through
Veoetables—"The Soi—sni- cinee s conmon to Soils and Vieget-
ables— Action of Witer on Soils—Tluorsanic Food of Vewsotables
—Sulphur, Phosphorus, Potash, Sada, Mavne i, Lime, Fimt, Iron,
Chiorme, and Ioliwe—ULat, Lime, and I'aiash Prlauts—Table
ot Mineral Substances alitractd by Crop-—Analy-is of a * worn
out” Sajl— Annalysis of a Iewtile Soil — Vegetable  Matter in
Sois—Recapitulation. )

39. The general structure of a vegrtable is admirably
adapted to the conditions under which it exists. Hsleaves
are cowtinually bathed in an atmospliere containing the
main SOUTrCe Of l"..\' ﬁ)O{], \\']\”«‘ its roots ]'l'[l"\'l‘, jil a .\ni]
where abundance of nwisture is ready tu convey into its
interior those mineral ingredients which assi=t the pliat in
digesting and assimilating its atiospherie nuiviment. The
leaves are cmployed during the day time in ineessantly
searching froin the moving air which agitutes them the
Carbonic Acid which sepplies them with Carbon: the
roots are eneaced in drinking fron the earth a copious
supply of Water, containing Nmenia and solid substan-
ces in solation.  These, the vital cnergies of the plant
fabvicate together, and form from their crule clements
its varicd and beauatiful tissues.

10, The extremities of the ithres, or I sser rooteof veveta.
Wes are similar in their construetion to a sponge 3 lienee,
called spongzioles. They consistof a softsubstance, o nitain.
ing a auber of exceedingly siall openings or mouths,
through which water, and whatever solids are dissolved
in it, is alone capable of entering. Tt ix thus that imbited

water forms the means of introducing into vegetables
[
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various mincral substances, which are absolutely neces.
sy to their growth, and which could not enter into them
in a solid state, however finely divided. During the
winter months Important additions are furnished to the
ends of the roots, in the form of new spongy extremities,
or sponcioles, which enable then to commence early and
active absorbing operations in the first warm days of
spring. ‘The spongioles, or mouths of the roots, are con-
nected eontinuously with the leaves by means of the
tubes of the stem, which may be distinctly seen by the
unassisted eye in the partially decaved wood of trees, in
roeds and other water plants, also in vines and canes.

41. "I'he  quantity of water transmitted through the
system of plants is immense.  From the leaves of a
well-wonded acre of land, not less than three hundred
thousand gallons puss off in the form of invisible vapour
during the four months intervening May and October ;
and at the lowest computation, an acre of wheat, just
before floweriny, daily exhales five tons of water. We
thus sce how casily disease in vegetables may be engen-
dered, when evaporation from their leaves is suppressed
by any external cause.  We have, indeed, but too abun.
dant examnples of the baneful effcts of suppressed evap.
orution in the potato discase, rust on wheat, mildew, and
sunbum.—(Sce Diseases of Vegetables, Art. 172, &e.)—
The smull mouths or pores through which evaporation of
moisture takes place, are generally found in all parts of
heulthy plants, except the roots.  When seen through a
microscope, they present the appearance of small slits,
communicating with the vessels of the bark or rind. Their
number on the leaves of some species of vegetables is very
greut. On one square inch of the leaf of the comman
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clove pink there are no less than =500 on the upper
and under surfaces 3 on the under surtuce of the vine
leaf 13,609, and on the under side of the common
lilac there are 160.000 to the gquare ineli. When yvoung
trees are transplanted, it is advizable to diminish the
cvaporating surface of the leaves by cutting off =omne of
the branches, otherwise the tree will sutlir from the tem.
porary lass of a portion of its rants, destroyed during the
‘ operation of transplunting. In such caws, a suflicient
quantity of water canut be drawn up from the earth by
the diminighed roots, 1o supply the constmmnption of a large
evaparating surfuee of leaf,
42. We now arrive at another principle in Ayriculiu.
ral Chemistey, briey enunciated as follows :—
DEFORE ANY SOLID €AN ENTER INTO THE cOMPOSITION
, IT MUST BE IN 4 STATE OF SOLUTION IN

OF VEGETALI
WATER.

It is contrary to the results of careful olservation to
supposc that the roots of vegetubles receive, without any
discrimination, whatever solids may be presented to them
in a state of solution in wuter. They seem, indeed, to
possess a limited power of sclecting those which are espe-
cially adapted to afford them nutriment : alihough it does
not appear that they can exercize any control over the
quantity of proper food which enters at their voots. They
niny, therefore, like animals, be destroyed or injured iy
an over abunidince, which they are ineapable  of digest.
ing or cxcreting with suflicient rapidity. A healthy cul.
tivated plant must have access to a properly-balanced
supply of orguniv and inorganic food. If tuo large a quan-
tity of the first kind is presented to it, its leaves and stalks
will be unusnally Targe and _gross; hut no seed will be



formed. I organic food is wanting, the plant will arrive
ot carly maturity, and form seed ; but its stalk and leaves
(especially of tir narrow leaved planis) will be stunted
and shrivelled.  VWhere the supply nf mineral or Inor-
canie ol is very deficient thie Teaves of erain-producing
f)l:n:!s miny be well devilopeds butideir seed will be conw

paratively worihless,

43, The uniform constitution of the atmosphere differs
widely from the licternzencous wmixture we 1acet with in
soils, which are as variously compounded as the rocks
upon which they repose. The cloments forming common
air are fow in number. and siwple in character. The
substances we find in soils are frequently numerous, and
often complex in their constitution.  All soils spring orig-
imally from the disintegration and deconmpoasition of solid
rocks ; the agents mv st active in cficeting these changes
arc Water, Temperatare, Carbenie Acid, Oxygen, and
Veoetables themselves, .

44. Various bodies are found in soils which do not
enter into the composition of vegetables. In an elemen-
tary view of Agricultural Chenistry, we do not require to
enuracrate their properties, without their presenec effects
such a change in the relations of the soil to temperature
and moisture, as seriously to aflect the growth of vegeta-
bles. It will be sufficient for our present purpose if we
consider the relation to vegetuble life of certain ingredients
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which nceessarily enter into their compesition, and invari.
obly form part of fertile soils.

15. The transmission of water, containing mineral
ingredicnts in solution, through the ronts and stems of
vegrtablos and s partial escape ot the leaf, in its pure
and gaseous stale, furnish us with the remarkahle 1ode in
which dissolved selids are conveyed into their interior, and
i the formation of their different orrans.

nicle to a
Thes=e solids are ten in numb v, and are waned, respee-
tively,

1. Norenur 5 2.0 Poosenonts; 3. Potasit: 4. Sona
5. L.t 6. Masxesia; 7. Ivov 8. Frint; 9. Curo-
RINE; (2 gns,) 10. fopive.

Water povsesocs the praprrty of dissolving small quantities
of these hodlies 5 all, with the exeeption of ldine, wre re-
quired by land plants, and they constitute what is terined
the ¢ Ash,” when vegetable substanees are burned in the
openair; they are also termed, the INORGANIC ele-
ments of vegetables, (art. 25.)

16. The quantity of a=<h found in cultivated veurtables
varics remarkably with the nature of the soil, and the
species under examination. Tt is evident that every fertile
soil contains the constituents.of” ash in abundance, also in
such a state, that enough for the wants of the growing
Crop ARE SOLUBLE IN WaATER, in order that they may be
conveyed into the interior of the veuctable.

The waters of rivers, springs, and wells always contuin
a small quantity of various solids in a state of solution.
By washing a soil repeatedly with pure rain water, we
find that each time of washing the quantity of some of the
substances dissolved is diminished, until, at length, no

portion is tulen up.
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451 London Board of Health exaniine d 121 ditler.
‘ent specimens of waler, from ditferent parts of Fnglund,
of which examinations the fullowing are the results:—
1. Wells and springs, (271 specimens,) average number

s oullon 25
s

of graius of lime p

9. Rivers and brooks, (111 sprehacns,) average number
of grains of lime per gallon 12.03.

3. Land and surfuce-drainage, (19 specimens,) average
number of grains of lime per gallon 494

It is rvident that a larse supplv of soluble subsinnces
cannot exist in ordinary soil: expesed to rain, show, and
dew. Dvery little stream is bearing its load of dissolved
inrerials fo that great storehinwse and deposivary, the Sea.
The continual action of rains washieg out the soluble
portions, and either conveving them altogether away, or
transporting them into the subsnil below, coupled with re-
peated cropping, without the return of »ue particle in the
form of manure, must, in the long ran of vears, render
the most fertile soil destitute of soluble mineral substan-
ces, and conscquently unfraitful. The quantity yearly
abstracted by these means may be perfectly insignificant,
when compared with the abundt store remaiving behind:
that small quantity, nevertheless, is of vital importance ;
for, although there may be thousands of tons of sulphur,
potash, soda, &c.. present in the soil, vet, 1r No PORTION BE
SOLUBLE IN WATER, the soil, with refurence to hmmediate
agricultural purposes, is absolutely barren.

43. The analysis of a good crop of wheat, or any other
cultivated vegetable, will exhibit the quantity of solid
ingredients abstracted from the soil during its growth, and
conveyed away in the ~raw and grain, or in the roois.

A crop of twenty.five bushcls of wheat to the acre
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contains about 209 1. of solid mineral ingredients ; an
average crop of clover from 259 to 390 1hs.; and one of
potatues, including hoth roots and tops, upwards of 400 lbs,
of soliil mineral ingredients.

40, Thes quintities appear o he <:m.ul], but when we
consider that in muny parts of this Provine: little return
Is made in the furm of manure, that crop after erop of the
same kind of vegetable is often grown fbr vears together,
and that raius are continually washing out, and streains
and rivers bearing to the sea, the soluble ingredients of the
soil © when we associate these considerations with the cir-
cunpstanee, that it requives nny nenthes, and even vears,
for temperature, moisture, and air to vender soluble in
water a sallicient quantity of cach particulur kind ot
ingradient required by gmwing crops, we cannot be
surprised that compluints are made of diminishing scales
of produce.

Mixerar, or Ixoreanic Foop oF VEGETABLES.

50. Surrnur.—Certainorgans or parts of plants require
for their formation a small amount of sulphur. It isof no
hnportaiee to kuow, at present, the name  and disposition
of those organs ; the Lure faet that the prescnce of sulphur
is absolutely necessary, will determine the agriculturist in
investigating the subject. _

In 10,000 Ibs. of the ash of Wheat there were found 12 1bs. sulphur.

do. « « do. Straw, « 40 « ¢
do. o ‘ Qat Girain, “ 40 e “
do. « « do. Straw, “ 90 « «
do. “ « Hay, « 151 « “«
do. s « Veteh, “«“ 170 « “

do. < " Peas, i 171 « «
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These numbers vary with the nature of the soil;
they serve, however, to show the Lind of plants which
require much sulphur, to which may be addcd hops, aspar-
acus, suear cane, the arape, black and white mustard, tur.
nips, tobavee, oy Wheat, Larley, rve, and Inlian corn
require comparatively Titde sulphoar,

1. The most conmnon and wilely.extended souree of
)ulphur in suils is doubtless Gy peum, or Snlphate of Lime.
(Salphuric Acid or Qil of Vitriol, combined with Lime.)
A barrel of waburnd Cupstig, weighing 2045 M., cons
tains 35 lbs. of Sulphur, 55 1hs. of Lim~, 12 1bs. of water,
and 51 1hs. ol Oxvee

A barrel of burned Gypsum, of the
same weight, and 10 1hat cendition in which it is used for
farming purposcs, contains 47 1bs. Sulphur, 53 lbs. Lime,
and 70 1bs. Oxyvgen; the water which exists in if, in its
natural state, Leing driver off by heat.  The only advan-
tages to be derived from burning Gypsum are s be found
in the dimunition of space required for packing it, when,
about to be canveyl to a distance, and the greater case
with which it can be submitted to the grinding process.
It issadvisable to have Gypsiin in the furm of a powder,
since in that state it can be nvore uniformly distributed
over the croys, but its value as a manure is not increased
by the operation of burning.

5%. Gypsum is slightly saluble in water; one pound
of Gypsuia requiring 180 1bs. of water for its solution.
Lis effects, when spread upon the land, are greatly increas-
ed by mixing with it an ¢pial quantity of common salt,
before sawing. The quantity of Sulpbur annually taken
from the soil in Cunada is enormons. A very insignificant
portion ever finds its way back (o the soil, on necount of
its being bound up in those materials which rarely swell
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the manure heup. This useful substanee is fHund ia con-
sideruble quantities in the wool of slize o, in the hair and
skin of animals generally, and it is also inviriably nwt
with in uiine.

530 In vt e, Canada exported 3,560,699 bushels of
wheat, which probabiv contained of sulphur no less than

252,000 1bs. 5 In the same year she paised 2,559,

156 1bs.
of wonl, which, with the wasted uriie, &c¢, contiioed at
least an equal amount, aking a s totd of halt o mil-
lion poundds of Sulphur abstracted fior e soil, without
the possibility of oue p:n‘t‘i(;lc being returned to it from
those sources, ia the fHmn o1 manure,

1. Pueseiemys —Vhosphorus is fHund o the seeds of
most vecetables, especially those cultivited for thal, A
very large quantity is annually tken from the =oil.  In
1317~ Canada expooted o the geain of wheat not Toess
than 73,500 Ihs.

Whien Phosphorus is hurnad in the aiv, it eniils a very
copions volune of white stmoke, which ceonsists of Phos-
phorus combined with Oxyaen. The white siolke may
be eollected and dissolved in water, Tt has a sour taste,
is thevetore an acid, and s named Phosphorie Acid.
Now, when Line, Potash, Soda, Maguesia, Teon, &e.,
come in contact with Phasphoric Acid, a anion takes
place, and a number of tew hodies are formed, which all
go by the ecueral designation of Phosphates 5 thus, a
compound of Phosphioric Aciland Line, is called Phos-
phate of Limej of Phosploric Aeid and Iron, Phosphate
of Iron, &c.

55, Phosphoric Acid is always funelin very minute
quantities in primitive rocks, when sought for. Its.detee.
tion is frequently awatter of some difficulty 5 it exists in
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all soils, oflen, however, in a state of combination with
- other bodies, forming compounds which are very insoluble
in water; it is also one of those substances which, like
Sulphur, do not, under ordinary circunistances, find their
way to the manure heup.  Phosphorus is found in many
parts of the animal frame, especially in the bones,  Eng-
land imports aunually very Lurge quantities of bones, for
the purposes of nuuare. ‘The bones are cither crushed,
or dissolved in Sulphurie Acid, aud applied to the soil,
chicfly inorder to restore o siaw! portion of the Phioapho-
rus, which, durine centurics of cultivation, has been
waushied away by raius, or abstracted by erops.,

56. S far back ax 1227, England imported 40,000
tons of Lanes, having a vidue of 609,000 dollars; in ten
years the value of the imported bones increased to
$1.273,000, and since that period (12:7) a still greater
crease has taken pluce o the tridde s so much so, that
many large vesscls are now ewnploved, in conveying from
South and North America, and from various parts of
Surope, the bones of animals, to fertilize the fields of
England.  The average anuual valae of the bones used
in that country as manure is now estimated at upwards
of four millions of dollars.

57. Nbo grain crops can succeed in a soil destitute of g
supply of Soluble Phospliates; and one pound of bones
contains as much Phosphorus as is required by oue hun-
dred pounds of wheat. At the lowest calculation, enough
phosphorus was exported from Ciada,  In the year
1847-8, to build up the bony frame-work or skeleto;l, of
sixty thousand full grown men. Every good cow, in one
year, abstracts from the soil as much Pliosphiorus as is
contained in 80 to 100 lbs. of bones, much of which cnters
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into the composition of milk, aud the remainder is gene.
rally Inst in the urine, (art, 101.) Pure Phosphate of
Lime (the substance which gives strength to the bones)
is found in many parts of Cinalda, in certain rocks.  The
time iay not be fur distant when it will be profitubic to
collect and grind it, for Aovicalural purposes.

5=, Pors~r. Sops. axp Macxesia.—These substances
exist in variuble quantitics in all cultivided erops. Ve
ctubles apprar to possess a limited power of makiug in-
discriminate use of then, especially of Potash and Sody,
when a supply of the latter substance can be obtained,
(sce art. 109.)  This is not the case with Sulphur and
Phosphorus 5 no sced nor auiritivus juice can be forined
without definite quantities of cach. A fiow examples wiil
serve to illustrate the very variable quantities in which
Potish, Sodia, and Masnesin are introducad into wheat.
In six analyses of wheat, made by celebrated chemists,
there were found in 160 1bs. of the Ash, in

No. 1. 26 lbs. Potash, Nood 217 Ibse Puotashy,
33 do. Muoneain, 9% do. Mavnesin,
¢ do. Soda. 153 do. Soda.
No. 2. 30 do. Potash, No. 5. 21 do.o Potash,
16} do. Mlaenesin, 13} do. Mucuesia,
0 do. S.ula. 10} do. Nula.

No. 3. 33% do. Potash, No. 6. 6 do. DPuotash,
1% do. Macnesia, 13 do. Macuesia,
0 do. Sada. 23 do. Soda.

59. -1 Clover, Dutators, W espocially Potato tops,
Boctraots, Manool Wurtzel, and Peas, in a word, most
green crops, require much Potasli or Soda, and Magnesia,

s
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A comparatively small quantity of these substances will
satisfy grain-producing crops.

An acre of Clover abstracts [rom....oo... . 90—100 lls.
do. of Bretrootor Mangel Vitartzol.. 21—100 do.
do.of Potato tups......... e 134—159 do.

do. of Grain and Straw ol Wheat.... 22—32 do.
The larze quantity of Potash, or of Potash and Soda, in
Dotats tops, eomtradicts the Impression frequently found to
prevail, that they are of little vae as manure.

60. T.omm.—A very important constituent of all veget-
ables culiivated {or the food and use of man, and, if pos
sible, an cqually himportant agent in the hands of the Ag-
riculturist, for amcliorating the condition of many kinds of
sofl. Its cflvets, as a wnanure, will be considered under
that head; it s suflicient for our present purpose to
become acquainted with those kinds of vegetables which
particularly require lhme for the due formation of their
various oruas.

An acre of Clover alistracts froin 70—00 1bs. of Lime.

do. of Hay, do. do. 30—30 do.  do.
do. of Wheat Straw  do.  15—20 do. do.
do. of Oat Straw dn. 10—138 dn.  do.

Various vegetables possess the power of assimilating more
than an average quantity of Lime; if presented to them in
a proper form. Its effects upon the straw of grain-produc-
ing erops are very remarkable, as will be shown in the
sequel. '

61. Farmers are acquainted with Line in three differ-
ent states,—T=1, in the forin of common Limestone, which
consists of Lime and Carlgiic Acid: 14 1bs. of Carbonic
Acil and 56 1bs. of pure Lime, forming 100 lbs. of com.
won Liwcstone.  When burned in a kiln, Limestone
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parts with its Carbonic Acid, and then constitutes, 2ud.
quick or caustic lime ; 3rd, in the form of slacked lime.
When 9 1bs. of water are thrown upon 28 lbs. of caustic
lime, the lime swells, cvolves greai heat, and entering
into combination with the water, produers 37 bz, of
slacked lime.  Lime is gencrally found in the soil in the
state of Cuarbonts of Lime s thal i3 to suyv, combined
with Carbonic Aecid. 'z presence s indicated by
efloivesecice when astrepg wend s poured everit. In
the burncd, or caustic state, it posesces very powerful
properties, causing the rapidl decomposition of vegetable
and animal substances.

62. Frixr.—dled by evanists Siliea, compases a large
proportion of the ash in all grain-producing plants; its
office in vegetahlies is 10 give strength to those parts which
seem particularly to require additional aids. The wheat
plant affords an admirable illustration of clegance in form,
combined with wonderful strensth. A column 576 fect

. high and 3 feet in dimmneter, bearing a weight upon its
summit equal to that of the column its If, represents a
multiple of a wheat plant four [t high and one-fiartl of
an inch in diameter.  No selection ot materials. or contri-
vance in binding them tog-th v, would enable an artificial
structure of these proportions to resist the forer exerted
by a gentle breeze.

63. A good crop of Wheat, from one acre, abstracts in
the straw alone froim 129 to 150 1bs. of Flint ; of Oats,
seed and straw, from 10 to 60 lbs. ; Mangel Wurtzel and
Bects, from 12 to 18 1bs. of Fliat.

64. Iron.—Iren is prosent in all fortile soils, and is also
an invariable constituent of vegetubles.  Itgreatly increas-
es the tenacity of clavs, when found in the soil in the state



of black Oxide or black rust of Iron, a substance com.
posed of Oxygen and Iron ; it may be converted into the
red Oxide or common rust by exposure to the Oxygen of
the air. Red Oxide of Iron differs from the black Oxide, in
contrining a larger quantity of Oxyzen.  The Dbluck
oxide s soluble in water, and prejudicial to vegetables ; the
red oxide is sparingly soluble, and a harmless or rather
usciul product.  Iron is found in all the clay soils of Can.
ada, in the form of the hlack Magnetic Oxide of Iron: on
the shores of Lukes Ontario, Simecoe, ITuron, St. Clair,
&ey it occurs in very la roe quantities, mixcd with white
and red sand : it muy be separated by means of a mag-
net.

65. ('uroriNe.—This sulistance does not exist in a
simple or pure state; it is alwayvs found in combination
with other bodics @ common silt is the great storehouse of
Chlorine.  Salt is composed of a nictal Sodium in union
with Chlorine. When used as a manure, salt yields Soda
and Chlorine to vegetables.  Chlorine exercises a remark.
able influence on the germination of sceds.

66. Iopine is only found in sea plants, or those growing

in the immediate ncighbourhood of salt water.

67. It will be obscrved that different kinds of cultivated
vegetubles require for their due formation, different quan-
tities of Flint, Lime, Muonesin, Potash, and Soda. A va-
riety of convenicut and useful arrangements of vegetables
can be framed on the basis of their respeetive requirements.
Thus we have asa very general, and necessarily imperfect
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method of arrangement, the following Flint, Potash, Soda,
Limc, and Magnesia plants :—

Flint Plants.  Potash and Soda Plants.  Lime and Magnesia Plants.

Wheat, Turnips, Peas,

Oats, Dect-root, Beans,

Rye, Mangel Wurtzel, Clover,

Barley, Indian Corn, Tobacco.
Potatoces.

Hay partaking of the character of the three ¢l <z —iLichig.)

68. Other, and morc exact modes of arrangement of
different kinds of vegetables, with reference to each other,
naturally suggest themsclves, when the number under
consideration is  diminished ; these will be introduced
hereafter, under ¢ Rotation of Crops.””  The table given
on the next page is well duscrving of consideration, as it
serves to exhibit, in an admirable manner, the relative and
absolute quantities of inurgimic or mineral food taken
from the soil, by different kinds of crops. The effeet of a
continucd abstraction of mineral food, without any return
being made in the form of manure, is shown in the present
condition of New LEngland, the older scttled parts of the
Canadas, &e. &e. (seeart, 7.)
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69. The recent analysis of a s0il (from the Seienory
of Chambly, in Lower Canada, Ly T. 8- IHant, ;E;-q.,
Chemist and Mincrulosist to the Provineial Geolowical
Survey,) « exhausted by having yiclled crops of wheat
for many successive yeurs, without receiving any manure,”
gave the following results :—

In 100,000 Ibs. of the s3il there were found, of
Liwe, o000 .. 317 lbs.
Muagnesia, oL L, L 833
Potash and Soda, . . 530
Sulphurie Acid, .. 31
Pliosphorie Acid, .. 126
Soluble I'lint, . . . . 8D )

We here discover an abuvdance of all the ueceseary
substauices which plants require. "Uhe pleaof doficicney,
therefore, cannot obtain in this instunce.  The present
barrenness of the soil is in a great ineasure due to the
INSOLUBLE STATE in which some of those bodies exist at
present, for the same soil, when subjected o the action of
water, gave only minute traces of those substunces, which
analysis proved to be present in suflicient quantity for all
the purposes of vegctalles,  This view is confirmed by
the rewark of Mr. Hunt, that it supported nothing but
“ascanly growth of o short wiry vrass, which is vegard-
ed as indicative of an impoverished soil, and kuown as
herbe a cheval””  'I'his specimen of soil was taken from a
depth of six inches, and contained % per cont. of vege-
table nmatter.

0. We luve had under consideration a soil which ut
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one period was eminently fertile, having yielded succes.
sxve crops of wheat for thirty years; at present, how-
cver, barren, and yet posscssing in abundance a supply of
all needful substances for thousands of crops of wheat, or
any other vegctable which, at the pleasure of the cultiva-
tor, might be grown upon it. Thr above example affords
a good illustration of the condition of other soils which
liave been subljected to an injudicious course of cropping.

The following table exhibits the relative quantifies of
mineral substinces dissolved out of a rich black mould,
taken from the Flats of the Grand River, by the applica-
tion of hot ITvdrachloric Acid :—

100,000 1bs. of the soil would have yiclded to the acid,
of—

Lime, ............530 ,
Magnesia,. . . . .. ... 3460 ,
Potash, . . . ... ... ... 160 ,,
S0dA, « v 190
Phospleric Acid, . . . . . .. 300
Sulphuric Acid, . . ... .. 90
Soluble Flint, .. ... ... 220

Oune hundred pounds of the soil were composed of the
following materials :—

Sand, . ........... 72 lbs.
Fincr Material, . .. ..., . 20
Vegetable Matter, . . . .. . 6.5,
Water, . .. ... .. ... 1.5,,

100 1bs.

If we suppose that an acre of each of the soils advert-
ed to in articles 69 and 70, to the depth of 10 inches,
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 weizhed 1900 tons, the gnantity of av.iluble Phosphoric
Acid, Sulphuric Acid, and Soluble Flint present in them
would be thus represented :—
Rich Dlack Moold,  Exhansted Soail.

Phosphoric Acid, . . . 6000 1bs. 2500 lbs.
Sulphuric Acid, .. . 1300 lbs. G54 1bs.
Soluble Flint, . . .. 4109 lbs. 1500 lbs.

It is to be understood that these numbers represent the
approximate amount of the ingredients capable of being
abstracted by that powerful solvent, hot [Iydrochlorie
Acid (Spirit of Salt).

The quantity of the above-mentioncd acids abstracted
by cropping the now exhausted soil, for thirty years, with
Wheat, would be about—

Phosphoric Acid, . . . .. .. 510 lbs.
Sulphuric Acid, .. ... .. 52
Flint, ... ... 3612,

The quantity of vegetable matter in both soils is the
same. It will thercfore appear evident that the exhaus-
tion or barrenness of the Lower (‘anadian soil is mainly
produced by an insufficiency of sofuble food, and the
cause of that insufficieney ix traced to the abstraction
(without any rcturn in the form of manure) of soluble
mineral ingredients faster than atmospheric agents could
prepare a supply for solution in water, from the store
which still exists in insoluble abundance in the soil.

71. In the parish of St. Dominique, and in the neigh.
bourhood of St. ITvacinthe, (Lower Canada,) there in an
extensive peat bog, covering an arca of about 20 square
miles, and of a debth varying from 3 to 6 feet. When
the bog is drained, it is burned to the debth of eight or ten
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inches, and leaves a layer of redish ash. ¢ This serves
as a powerful manure, and the peat will then yield one or
two fine crops of barley or oats; the straw attains an as.
tonishing siz+ and strength, and the grain is equally very
superior. The burned soil produces also fine potatoes and
turnips ; but after two years it is found to be quite exhaus.
ed, and requires to be again burned to render it productive.
When by many repetitions of this process, the peat has
been burned down to within a few inches of the clay, the
two are mixed by deep ploughing, and a rich mellow soil
is obtained, which is unsurpassed for wheat, and yields at
the same time fine Indian corn, peas, and grass. The
peat ash cuntains more than two per cent of phosphate of
Lime or bone carth, more than fifteen per cent of Gypsum.
More than sixteen por cent of the ash ave SOLUBLE IN WATER,
and the rest is in such o minutely divided state, that itis
soon removed from the surfuce of the porous peat, being
draincd off by the atmospheric waters ; hence the rapid
deterioration of the fertile soil, which is attained by burn-
ing the surface ; onee, however, reduced so near the clay,
as to be mixed with it in ploughing, the ashes are retained,
and enrich very much the clay subsoil.” (Report on the
Guological Survey of Cinada.)

Veeerasee Marier 1v SoiLs.
T2 AN fenle soils contain a variable quantity of veg-
etable nintter, derived from decuyved and decaying roots
and leuves. The Carbon contained in vesetable matter
slowly combinvs with the Oxygen of the aiﬂr, and forms
Carbenic Acid, which is ubsorbed by water, and thus taken
by the roots into the wy stewn of growing vegetables.  Itis
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chiefly from this source that they derive their supply of
Carbonic Acid, before they have thrown out many leaves.
“EACH NEW LEAF FURNISHES THEM WITH ANOTHER
MOUTH AND STOMACH.”

73. The power which plants possess of absorbing Cur-
bonic Acid from the atmosphere is proportivnate to the
surface of the leaves. STRAIGHT AND NARROW LEAVED
PLANTS, those which are’grown for their swcd, as Wheat,
Rye, Oats, Barley, depend more upon the soil for their
supply of Carbonic Acid, than the Jerusalem Artichoke,
the Mangel Wurtzel, or the Beet-root, which are grown
for the sake of their roots. The great size of the roots,
stalks, and leaves of the root crops would lead us to sup-
pose that thcy contained a much larger quantity of Carbon
than the grain-producing crops: this is not strictly the
case, and the reason is found 1o lie in the fact, that roots of
Turnips, Mangel Wurtzel, Beets, and Potatoes contain
from 700 to 900 parts of water in 1000 of the fresh roots ;
whereas the quantity of waterin grasses and grain varies
from 120 to 150 pts. in the thousand. It is thus that grain
crops exhaust the soil of vegetable matter, and consequent-
ly of the means of supplying Carbonic Acid to succeeding
young plants; they take more Carbon from the soil than
they leave behind, in the form of decuving roots and
stubble.

74. The roots of Clover, the grasses, and the leaves of
Turnips, Mangel Waurtzel, &c., which are usually left
upon the land, contain more Carbon than the whole of the
crop abstracted from the soil during its growth. A judici-
ous rotation of crops, one in which the broad.leaved plants
occupy a prominent pluce, leaves the land ricker in vege-

table matter than hefore the rotation hegan.  The atmos,
2
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phere supplies the Carbon in the form of Carbouic Acid,
the vegetable, under the influence of light, combines it
with the clements of water, and forms woody fibre, of
which the roots, lcuves, and stalk are chiefly composed.
The roots being left in the soil, slowls decay, and restore
to the air or to other zrowing vegetables, the Carbonie
Acid originally withdrawn by the leaves.  We thus ob.
serve that Wlheat grown on peaty soils, or soils rich in
vegotable matter, has a rank and luxuriant leaf, while crops
grown on sandy soils, or soils destitute of organic food,
are often stinted in their growth.

Vegetable matter diminishes very rapidly in the soils
of Cunada. This is due to the hich temperature and
comparative humidity of the swmmer months, whereby
decomposition is promoted, and the conversion of the re-
mains of plants and trees into Ciarbionie Acid, water, &e.,
effected in consequence.  Every practical farmer must
have remarked how the colour of a newlyv-cleared soil
pales after a few yrars cropping, under the systcm of hus-
bandry commonly pursued in this country.

RECAPITTLATION.

10. A Plant consists essentially of four parts, the stem,
the root, the leaves, and the sced. The root may be cou-
sidered as the downward extension of the stem ; it consists
of two parts, the main root, whase oflice is to sustain the
plant in the soil, and the radicles, which imbibe nourish-
ment from it.

11. The Leaves may be considered as an upward ex-
pansion of the stem; their office is to draw nourishment
from the atmosphere, and assist its digestion, by exposing
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the sap to the influence of gir, light, and heat ; also to give
off gases and vapour of water,

12. The extremitics of the rudicles, and the under sur-
faces of leaves, are porous. The pores of the leaves
serve as wauths, for the alsorption and exhalation of gases
and water, and as stomachs for their dizestion.  In some
plants, the upper surfices of the leaves are porous, yet
generally covercld wiih a resinous exudation.

13. The extremities of the radicles act also as mouths,
fo absorb ¢nses and solids in a state of solution in water.
They serve also to exeretesap and substanees which are
not required by the plant.  Both ronts and leaves, expeci-
ally the Luter orrans, exercise a discriminating power in
the reception of food.

14, All solid substane
water, before they can enter into the svstem of vegetables.

s must be in a state of solution in

Those which are necessary for cultivated plants are nine
in number ; they are S, Ph. Po. So L. M. 1. F. and Cl.

15. All firtile soils mnst havee a supply of these solids
in a soluble state, for the use of vrowing vegetables. Or-
dinary Lusbhandry, in Chueda, tends greatly to lessen that
supply, and, consequiently, to lead to diminishing scales of
produce.

16. All fertile soils must contain a supply of vegetable
matter, in order to furnish arcanie food, to be taken up by
wider, through the roots of plants, thus nssisting the leaves
in their search for nutriment; their field of operations
being necessarily limited to the atmosphere.

17. The narrow.leaved grain-producing crops diminish
the quantity of organic food in the soil ; root crops, and
broad-leaved plants generally, increase the quantity of
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organic food in the soil, drawing it from the atimospliere,
and leaving itin the form of decaying roots and leaves.
1=, Al eultivated vegetables, when taken off the land,
diminish the supply of soluble inor:anic mincral food in
the soil, and will eventuadly render it barren for a time, if
nothing is returned in the form of manure.



LECTURE IIL

Artifices for Ameliorating the Condition of the Soil—Plonching—
Draining — Evaporation and Filtration—Fallowing—Rutation of
Crops—Rotation Courses—The Sap—Ascont and Deseent of the
Sap—Recapitulation.

75. Experience proves beyond doubt that a contin-
uance of that method of cultivation, which prevails to a
very large extent in Canada and the United States, must
result in a general deterioration of the soil subject to such
objectionable culture, (art. 7 and ¢.) It is alrcady a.
malter of great moment to practical farmers in Canada,
to ascertain the exact nuture and rationale of the artifices
they must employ in order to restore and render perma.
nent the fertility of iinpoverished soils, and to preserve or
increase the natural productiveness of those which are
yet Ul‘li“lp.’lil'«‘(]. Those artifices are comprehended in
the operations of Provenina. Dramvine, Farvowixe, Ro-
taTION of ('wops, wnd the application of Maxugres.

76. Proveinmng.—The beneficial efliets produced by
ploughing ave mainly due to the free circulation that
operation gives to air among the particles of the suil,
whereby the decomposition and solubility in water of the
miucral portion is greatly facilitated, as well as the con.
version of deeaying vegetable matter into Carbonic Acid,
Ammonii, and Water.  Air (that is the oxygen of air)
is necessury to the gerinination of seeds; hence the reason
why so inany different kinds of weeds spring up when the
soil Is first stirrcd to the depth of six or cight inches, the
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dormant vitality of the sceds being revived, under its
powerful influence. Oxygen also, when in a state of
solution in water, is absorbed by the roots of plants, and
proves highly eflications in enabling thom to appropriate
tood 5 no absorption of Oxyaen can tike place when the
soil, in a ¢compiet and dense condiion, impedes the circu-
lation of air around its particles.  Iloughing cleanses the
soil from weeds ; and renderiag it more porous, it permits
the youne and tender ronts of plants to penetrate in search
of fund 5 it ulso facilitates the absorption of ruin waler
7. Many clays contaln o quantity of iron in the form.
of the Lluck rustof iron, a substaner noxious to vegetables
in the prescace of air it is converted into the red rust of
Jron, a harmless coonpound, furt. 55)  The change in
the character of the iron-rust dt'NlO}a the stilfness and
tenaciiy of the clays, and converts them into comparatively
lonse and friable soils.  Farmers frequently skim the sur-
face of their liclds with the plough. 1t is evident, from the
rationale of the operation, that the decper the plou"h pene-
trates, the greater Lenddit is likely to result.

75, The grectest surface of the soil, in ploughing,
will Le cexposed to the atmosphere if the farrow.slice
be inclined to the level surfuce of the soil at an angle
of furty-five deorees. In order to eifvct this desivalle
object, a constant ratio must be maintained between the
width and depth of the furrow.slice ; thus, if the width
be 10 inches, the depth must be 7 inches, in order that
the angle of inclination mayv be 43 nL-gro(s; if 9 inches
in breadth, the depth must be G2 inches ; if 8 in breadth,
54 inches in depth; 1f7 in Lreadth, 5 mches in depth;
&e. &e.

79. The sulsoil plough is much used in Great Britain R
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it scerves to break up and loosen the rarth 10 or 12 inches
below the Timit to which the cominsn plongh penetrates.
Subsoil ploughing is of little avail on soils possessing a re-
tentive bottom, withont thorongh draining.

80. Drarvive.—The extensive futroduction of a proper
system ol draining ¢ mstituies, unguestionably, the areat
wadern improvement i the Art of Agriculture.

Its eilvets ure Jdar,

Ist. I the greadly nereased porosity of drained soils,
allowing the circulation of air wnomg theic particles, with
‘every change of temperature,

2ul. To the rapid removal of snporiluous and stacnant
water, which, on mdeained soils, fills the pores or siall
s, and opposes the intro.

spaces between their solid puarticl
duction of air into its jiace.

Sede 1o the altevation whicl tukes place in the mechan.
ical connposition of the soil, whereby it Is vendered loose,
friable, more cusily worked, and at an cavlier period of
the year thiun when undrained.

4th. To the great change it produces in the temperature
of the soil.

5th. To the creatly incrcased opportunity it affords
soils of Lringmg ity acion  their chemical powers.
(art. 113.)

81, Recent experiments have satisfactorily established,
that the cvaporation ol one pound of superfluous or drain-
age water, that is. of one prund of witer over and alove
the quantity which a soil is cipable of retaiuing by its
power of attriction or absorption, lowors the temperature
of the soil ten deuaverss I the one pound of water pass
off by the drains, and not by evaporation, no reduction in
tvmpcratu‘re takes place.
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52. The mean highest temperature of the air in March
(the earliest agricultural month in Canada) is 54°. The
warm sun melts the snow and frozen surface of the soil.
If thoroughly drained, the water will slowly filter to the
drains during some hours of the day-time, -and air, at the
temperature of from 50° to 51°, will follow the water,
thawing, befure it is cooled, much frozen soil.  In April,
the mean highest temperature is 71°, the mean tempera-
ture 42°. During muny hours of the day, warm airon
drained soils will follow the water, and rapidly impart
much of its warmth sround and below the young roots of
plants, thus inducing an early and rapid growth in that
very important part of the plant.

83. Experiments have been made in England on the
temperature of undrained soils ; they exhibited the singu-
lar and very important fact, that the temperature of a wet
soil never rose during many months above 47°, seven
inches below the surface. The same soil, when drained,
indicated a temperature, after a thunder-storm, of 669, at
7 inches below the surface ; and at a depth of two feet
seven inches, a temperature of 48°. The mean or aver-
age temperature of a drained soil in the neighbourhood
of Toronto, at the depth of three feet, is about 56° ; during
the months from May to October, both inclusive, the mean
temperature at the depth of six feet, of a drained soil, is
about 53° during the same period of time.

On undrained soils immense damage is done to fields
by surface water washing off manure and fine particles
of the soil, and conveying these important constituents to
the water-courses and rivers. A very large quantity of
the rain-full escapes over the surface in this country,
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where the precipitation is comparatively violent. G
properly drained farms, the surplus wuter alone would be
carried away by the drains, and in nearly a pure state,
except in cuscs of extraordinary ruin-fall. (see art. 47.)
Evaporation plays an astonishing part in removing the
surplus water during the summer wonths.  I's action
during the winter months is propoctionately sinall.

The following results of Dickenson’s Dadton rain-gunce
will show the suanner and winter eilcts of evaporation
and filtration on one acre, nrar Lioudon, England i —

BMean from April to September, inrlusice.

Rain in Filtention in - Bvaporation Rain in Tons,  Rain in Tons,
Inches. Lo hies, in loches, Iihered, Lyiporated.
11-67 090 1157 ul 112
Mean from Oclober to Muarch, inclusive.
Rain in Filtrztion in - Bvoporation  Rain in Tons, Riin in Tons,
Inehead, [oehies, in brehies, Iiftered. Evaporated,
1335 1039 356 1052 360

We see, from the foregoing table, that during the warm
sunmuper nonths, the evaporation amounted to 1192 tons,
and the filtration to 91 tons only ; whereas, during the
cold winter months, the evaporation was 360 tans, and
the filtration no less then 1052,

81, It is oceasionally wrged by practical farmers that
thorough druining will not succeed in the Lot and dry
summer season of Ctinadi.  This is a mistake ; the roots
of vegetables shun stagnant water ; they turn aside when
their descent would bring them in coutact with it. They
will penetrate many feet into the soil if it be well drained.
But what is the case with our Canadian ficlds?  When
the ronts of wheat or other vegetables begin to grow in the
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spring months, they discover, at the depth of six or seven
inches, a supply of stagnant water, which can find no es-
cape but by coll-producing evaporation, (art. 160.) The
roots arc not only chilled, Lut absolutely prevented from
penctrating deeper in soarch of nntriment 5 they cannat
thrive when surrounded by drainiee water; their growth
is retarded, and their range limited 5 ona dreained soil they
strike directly downwards to the 1vel of the drains, and in
those depths they discover a supply of woisture in seasoug
of dronght, springing up from below by means of capilla.
ry attraction, besides that whicl evivry parous soil possesses
the power of absorbing from the annosphere.

In Western Canada, subsail draining draws out the pro-
perties of’ the cluy soils which abownrl in the coantry, ina
manner truly remarkable ; and the artifice may be prose-
cuted without the adopiion of any preeautions whatever
against winter froxtz. It is cquivalent, as far as relatesto
the working of the soil, to an addition of three weeks ora
month to the agricultural season fur out-door operations.
The writer had opportunities of observing the effect of
winter frost upon the water issuing from the mouths of two
long subsoil drains during the lust winter. One of the
drains in qnestion was construeted in a clayv subsoil, sity-
ated in the neighbourhuml of the Ciiy of Toronto. The
soil was first dug out to the dipth of two feet ; the opening
being about 15 fuches in breadth at the top, and 12 inches
at the bottom. The drain was then made by dicving a
narrow water course, about 10 inches deep, and from 3 to
4 wide, in the retentive cluy.  On the shoulders thus form.
ed, rough pine slabs were laid, and clay firmly stamped
upon them. The remaining open portion was filled with
the soil.  The length of the drain was a thivd of a mile,
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and its deptl varied from two feet ten inches to three fect
six inches, owing to incqualities in the surface of the soil.
Drainage water (uewly solt) isned from it copivusly
throughout the winter.  The mnuth was It quite exposed,
“aund was roughly formoed of two side slubs, with the upper
shoulder slab resting upon themm, The tenmerature of the
water was tested {voquently, sod when a thermmcter ex.
vet it never fell below thivty-

posed to the air sauk (5 zers,
four degrees when intioduced into the water issuing from
the drain, and was covmnen'y about thirtveeizht.  The
exposed water In fine waoter cctrse, ot the month of the
drain, wie never {rozen within fifteen or cighteen inches of
the covered extremity. Another drain, constructed of road
metal, in a rich vegetible mould, and having a depth of two
feet six inches, aud a length of two hundred and fifty yards,
ran during the wiater with precisely similar results,

£3. « Dilerent soils possess the property of sdsovling
mnisture from the atesphere in unequal devrees. Dure
ing a night of i hours, and whenthe air is inoist, accord-
ing to Schibler, 1996 1bs of a portectly dry,

Quartzy Sund willgain. . . . . . . 0 1ha. of water.

Culearconss™Hil. .o oo o oo o .. 2 do.

Loamysolle o o0 00000000 21 do.

5

Clay Loam . . . . .. ... 000 23 do.

Pure Agciviculturad Clay o .o . o 0. 27 do.
And peaty soils, or sucl as are rich o vegoteble matior,
a still larger ity We discover in this property the
reason why potato plants always wppear retroshied In dry
weather after the earth has heen stireed by the Tios ronnid
about their roots.  The2 soil is thus mnade mare porous ; in
effeet o muach larger ~vvfier ig exposed 1 the aiv and the
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moisture it may contain; the noisture is absorbed, and
ministers to the growth of the drooping plants.

86. Some soils possess the power of retaining a larger
quantity of water thanothers.  Clay exhibits this property
in the most eminent degree. - It is thus that vegetation on
clay lands which have been well drained, is more luxuri-
ant and {resher in dry weather than on lighter soils.  The
water retained by the soil, i. e., that which does not pass
off by the drains, or disappear in the subsoil, is called the
water of altraction. The following table exhibits the
quantity of water dilferent kinds of soil are capable of
retaining, in opposition to gravity. The specimens are
supposed to be first dried in an oven, then suspended by a
string, and watcr pourcd slowly upon them ; thus, from
106 lbs. of dry soil water will begin to drop, if it be a

quartz sand, when it has absorbed . . . . . 25 lbs.

Calcareous sand (line sand) . . . . . 29 do.

Loarny Soil « v v v v vt . . .. ... 40 do.

Chalk . . . ... ... . .. ... 45 do.

Clay Loam . . .. .. ... ... .. 50 do.

PuareClay . . . . ... ... ... .. 70 do.
Jolmston.

When water of attraction slowly disappears during the
process of evaporation, the soil contracts and occasions
fissures ; this effect is particularly observable on clay
soils.

87. It has been ascertained by vegetable physiologists
that roots cease to grow as soon as the plant begins to
form the seed : its energies arc then exclusivelv devoted
to that object. The formation of the seed, in many kinds
of cultivated grain-producing crops, begins in June, or
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early in July. A dry swmumer parches the soil to the
depth of five or six inches. The limited depth to which
the roots have penetrated preveats them from obtaining a
sufficiency of moisture, the crop conscquently suilers
from drought 5 a disaster which took pluce 10 a very large
extent last year (1850), with respect to clover and liay,
and if the dry weather had continued a fortnisht lonser,
the labors and hopes of the farmer, in many parts of the
province, would have Leen altogether defeated. Compar-
atively little dumage would have been done on drained
soils, for the roots of vegetables, following their vwn natu-
ral tendencics, wonld have been able to penetrate during
the early spring months deep into the soil, and there find
asupply of moisture, remaved from the rapidly evaporat-
ing influence of a hot sun and a dry atmosphere.

88. The great obstacle to thorough draining in Canalda
is the cxpense, coupled with the low price of furming pro-
duce.  Within a convenient distance {ion lurge towns,
where a market for wheat, oats, hay, peas, turnips, and man-
gel wurtzel is generally to be obtained, this objection can
scarccly hold good. The great increase inthe average
produce, the superiority of the sample, the early maturity
of the crops, their comparative safety from the effects of
drought and the fly, all support the preswnption of a
rapid and profitable return for an outlay of capital. In
districts remote from markets, the expense of thoroush
draining constitutes an insuperable objection to its intro-
duction.  Much good can, however, be accomplished by
clean open furrows 10 or 12 inches decp, and so cut that
they may admit of a continuous fall of water through
their whole Iength, s» that nd portion may remain in any
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part of the furrovw.  Au inclination of one fvot in three
hundred will Le quite sufficient to cause an unbroken
current, if the fidl be quite uniiorm. Tz ctivet of drain.
awge is thus stated in the report of the London General
Docrdof Healti: + It I been determined, by observatiod,
that if the annu:! increase of trees on undrained land were
3 per cent., the incresse on drained lund weuld be 6 per
cent.; and on land bt dreained and irrigated, no less than
12 per cent., or four tiwes ithe wmonut of growth on un-
druined land.”

Stephens savs, in his book of the furm, < A conviction
has Leen foreed uporr me, Ly long and extensive observa.
tion of the state of the soil, vvir a great portion of the
kingdorn, that the neglect of draining is the true cause
of mnst of the bad furming to be seen; and that a single
farm does not exist, net already draiued, which would not
be much better fur draining.”

89. Where the land lies low, very Leneficial results
will be produced by a drain dug to the depih of two feet,
with here and there a hole to the depth of three and a-half
or four feet; the Loles and drain being filled up to within
one fout from the surlice, with stones from two (o five inclics
in diameter, then covered with a sod, tramypled down, and
filled up with earth. It may here be remarked, that open
drains, with an occasional uuder-ground druin, require
more care in construction than is usually devotod to then.
Thorov i draining is an art in isclf and huplics an ac-
quaintance with the characteristics of spri

5, woils, and
climate, besides a practical now ledge of levellin,

90. A rccent writer on aralning, posscsscd of thirty-six
e Pt ~ R v o NN 1 . 1 1 1
yeurs expivience, closes his ranatks with the follow ing



eaution.  “Our parting words shull assure our readera,
that every reputed case of fuilure in draining, which we
have investizated, has resolved itsell into ignorancs, Llun.
dering, bad materials, and bad cxecution.”  The same
writer recomm-nils the use of pipes, Luving au inch or
inch and hall bove, with collars o lay aver the Juinings,

and provent disarsingenent. Collars are short pipes,

which slip over the Juinings of two contizuous drain.piprs,
and effietunlly preveat the uniformity of ths jnocture
from Leing disturbed by ¢ fuvlis” in the loor of the drain,
or by an upheiral.

It has beenn computd, that not less than £1,950,000
sterling have been cxpendad in dradnivg i Boglad
during the lust ton yeurs, and thet nearly oue vaillion weres
has Leen subjected to the proc o

91. I'vicowina.— A Iallow Inrplies the repose of the
soil, or in other words, =iE to permit A, WwaTer, and
TEMPERATURE (o convert a cevlain amount of insoluble
mgredients in the soil into available food for plants, A
nakad fallow is depreeated by iy proctical ugricultu-
rists and agricultural writers 5 they consider it as so much
land thrown away for a time, aud propes s indts stead a
Jjudicious rotation of crops. It is very questionable, how.
cver, whetlier a nuked fillow is not accasional’y alsolutely
neeessary in this country, where the growrh of weeds is

extremely rapid ; where the Ligh price of labour isalways
an obstacl: o many hands x ing erployad upan a furm g
and where turnips cannot be fed oil the laud as in Great
Britain, or other green crops introduced st prescut on an
extcusive -scale. An occasivnal naked swamer fallow
seems to offer to the Can:dinn farmer the wnst avail
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able and the cheapest method, at present, of cleans
ing his ficlds ; especially where numerous patches of
uncultivated land, every road side, and every neg.
lected farrmn is a narsery for Canada thistles, wild
mustard, wild chamomile, chess, mullen, foxtail, bus,
and other noxious weelds.  Green Fallow is a term used
with reference to the cultivation of Wheat, Ryr, Barley,
and O.ts, with the intervention of some yrecn crops, as
Vetches, Clover, Turnips, Pras, &o., betwern cach grain
growing crop. The principles it involves will be introduc.
ed under the head of,

92, Roration or Crors.—T'he origin and constitution
of some favoured soils, is such as to require the active
operation of uir for a very limited period, to enable them
to ofler an abundant supply of soluble mineral food for the
purposes of veoctables, without any extended votation of
crops. Wheat, a flint plant ; and Tobacco, a lime plant,
have been wrown altervately on large tracts of land in
Hungary, within the memory of man, without any appli-
cation of manure. In many parts of Upper and Lower
Canada, in the valley of the Thaines and the Richelien,
Wheat has been taken from the soil for 40 and even 59
suceessive years 3 the soil eventually becoming incapable
of returning a profitable crop. The repose of a fallow,
in the form of grass or clover, for a fow vears, restores its
fertility.  During the period of the growth of fallow crops,
air, water, and temperature cxcrt their docombosing influ-
ence upon the soil, and convert an abundance of mineral
ingredients, present in the soil in an insoluble state, into
soluble food for riin-producing crops.

93. The alternate growth of wheat and tobacco upon
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the fertile soil of Hungary, presents us with an easy and
familiar illustration of the benefits springing from a rota-
tion of crops. Wheat requires a lurge amount of flint;
tobucco an equal qnautity of lime.  While wheat is
growing, lime is accumulating in the soil in a soluble state,
for the use of sucereling crops of tobaceo, and the growth
of the tobacco acts as a fallow for the preparation of the
soil for wheat, because tobaceco does not require a lurge
supply of those particular mineral ingredients which are
essential to the growth of wheat; adiled to this, tobacco
is a broad-leaved plant, and derives a large supply of the
Carbon it requires from the atmosphere.  lts decaving
roots will restore to the soil the (‘nrbon extracted by the
narrow-leaved wheat plant. It will thus be scen, that the
general principle of « rotation of crops lies in the cultiva-
tion of a Flint Plunt one ycur, a Potash Plant the next,
and a Lime Plant the third, and so on. The charucter of
the soil determines wliether one, two, three, or four years
should intervene the iutraduction of dillrent kinds of vee.

etables. The following table, given by Liebirs, may afford
an apt illustration of the relation of dllf"xont varietics of
vegetables to special mineral ingredicnts, and the mode in
which a judicious rotation of crops may increase the fer.
tility of the soil. In 100 lbs. of the Ash of the following
vegetables, the proportion of Potush and Soda, Lime and
Magnesia, and Flint, are given under their lespecuve
heads :—
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Pit.and  Lime and
Soda. Mag. Flint.

Datz, straw and seed ... 3tlbs.  4lhs.  (2Abs)

hr'u SITAW cvvveserreenees 20 T 6L
Dotiey, straw and sood 1D 0 ol L5« r
Rye Stowano 18 ¢ 16« 44 “J

Tiint Tlants

Lime and
Mavnesia
Frims

Pea siraw
Py Statks.

oV el o o0« 5

Sl
ralie ]

Toelian Corn o, 7

[
)
L
[Tn‘ NCED cr e RRI [
L
{
]

1
Tota-h and | Turmips. %) 1%« 0«
Soda ianis ) Deers [ k 19 U«
1 Potatoes (tubers) ... B3 %) 14« 0«

On sandy soils, and soils gencrally deficient in veget.
able matter, that rotution of erops which Lorrows most
Srom the atwosphiore, and leaves the Turgest quantity of
decaying matter in the soil, will be found the most pro-

ductive.

After draining, no operation in the management of
a furm requires so much forethouzlt as the introduction
of a proper rotation of crops. A number of rotations are
given below, as ilustraijons of this important department
of hushawdry. It is, however, to be well observed that
no general rule can be viven. The rotativn depends ina
creat measure upon the charaeter vl composition of the
soll 3 also wpon the warkets. A profitable practieal rota-
tion ofien differs widely from a purely theoretical one.
AMany obvious reasons will immediately present themselves
to the practical farmer for this distinetion: such as cli-
mate, local or general disenses. accidental peculiarily in
the physical character of the sil, &e. e,

ons

i
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Roiarion Course, No. 1.
1st veaw, Wheat (Flint Phint).
2nd do. Oats with Clover (1']int and Potash Plant).
3rd do. Clover for Hay (Lime Plant).
4t de. Grazed,
Sib do. Grazed and broken up for wheai.

RoTatrox Coonan, Mol 2.

Ist yoar, Fallow.

2nd doo o Whent (3Fling Plant).

Seddos Peas (Hine Potasti Plant).

tho do. Qs with Clover (Flint and Potast Plant).

5th do.  Clover (Laime Plaut).

Doration C(ourse, No. 3.
Ist year, T otor Tomips (Potash Plnts).
and do.  Whent (IFlint Phant).
3rd do. Ted Claver (Lime Plant).
ath do.  Wheat (Flint Plant).

Rorimioy Covese, No. L
1st year, Turnips, or Maneel Warisel (Potsh Plants).
ond do. Wheat with ited Clover (EFlint l’l.uhl).
Srd doo Red Clover (Lime Plant).
4th do.  Clover Hay (Line Plant).
H5th do.  Wheat (Flint Plant).

The following is not an uncomwas Rotation north of
Tovonto i—

Ist year, o . . . Wheat (Tlint Plaot)

and do. .. . . Peas (Lime-Potash Plant).

ard da. . .. . Wheat (U)ot Plant).

Mh odo. ... L Ges o (Flist Plant).

Siodos o0 Padloe

[iFov furihar rewarks on this important subject, see the

close of Lecinre VL]
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93. Good Husbandry fmplics the elevation of the
standurd of fertility and production to the hichest remu.
nerative point, and its continuation there. A due atten.
tion to all the mivutie of furming lubour is far from being
sufficient.  C'ontinucd sucecess, in these days of progress
end eompetition, can never attend the most iudustrious
fari. - if he neclect the new precautions and artifices
which experience aud the science of \griculture are con-
tinually sucoestiner, Ttis a faet, which rests upon the
most abundant and conclusive evidence, that no ordinary
firnr can continue for a succession of years to yield a
fair return, if attontion be not paird to rotation of Crops, the
application of nrmures, and, at least, to surface-draining.
As a fuir rule for guidance, in Ciinada, we may act with
perfeet confidence on this principle, that No FARM CAN
CONTINUE TO YVIELD GRAIN-PRODUCING ¢ROPS ON A GREAT-
ER SURFACE THAN ONE-THIRD OF ITS CULTIVATED EX-
TENT FOR MANY SUCCESSIVE YEARS, WITHOUT DIMINISH-
ING SCALES oF PrODUCE ; that is to say, a famm
of fifty acres in the clear, and under cultivation,
cannot sustain a larger amount of grain-producing
crops than seventeen acres; or a farm of one hundred
acres in the elear, and under cultivation, not more than
thirty-four acres, producing at the same time high aver-
ages, and preserving their fertility undiminished.

96. That Canadian husbandry exhibits generally a
marked neglect of this important prineiple, may be seen
by an examination of the following tables of the distribu-
tion of crops over the whole cultivated extent of the coun-
try, reduced to the scale of 100 acres, when compared
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with a similar reduction of the distribution of crops in
England.

Ureer Caxana, 1347. Exonaxp, 1v 1505,
47 acres Flint Plants, 21 acres Flint Plants,
12} < Potash-Lime Plants, 12« TPorash-Liine Plants,
36  « Puaxture, | 54« Mcadow & Pasture,
44 ¢« Fallow. G« Tallow.
100 acres. 100 acres,

The ratio which the grain-producing or flint crops bear
to the whnle hundred acres, are in,

Upper Canada........... 17 to 100, cqual to ene-half nearly.
England.......ccccooee.. 21 to 100, cqual to oxE-FIFTH nearly.

97. We have scen that the food of vegetables consists
of gases and solids, contained in air and the soil ; also,
that the gascous food is cxtremely simple, and may be
taken into the plant in two different ways; cither by a
diseriminate absorption of Cturhonie Acid from air by the
leaves during the day-time, and of Oxyaen during the
night-time ; or by the indiscriminate rise of water, con-
taining Carbonic Acid, Ammonia, &ec., and solids in solu-
tion, throurh the extremitics or spongioles of the roots, to
every portion of the plant, and constituting, after having
gone through certain chemieal changes,

. Tue Sar.

93. The general course of the sap in trees is from the
voots, through the newer wood (the sap-wood), to an upper
lnyer of veins in the leaf; it here loses much of its water
hv evaporation, and suffers certain chemical changes. due
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to the influence of light. It then passes from the upper
laver of veins in the leaf to another layver immediately
beneail them, throush small eapilliry tubes.  From the
lawer layer of veing in the leaf it descends through the
inner bmjk, towards the roots acain.  During its descent,
it lays on new wond, and steeagihons the vessels of the
old wuod, by filling them up with solid 1ontier,

99. The continunus rise of thie sap in plants is due to
two forees—upillary attraciion, and the pressure of the
atmosphiere.  IF no other fores wera cailed into operation
but the attraction for water excrt~d by the sides of small
tube-like vessels in the ronts, stein, and branches, the sap
would be driiwn up to the hichest part of the plant, and
then remain wotionless, there being nothing above it to
draw it further up; yet, durving the warm and dry wea-
ther of spring, sumumer and autumn, the sap continually
ascends, and sometimes with great firee and velocity.
[ts uninterruptd and ropid current is mainly due to the
pressure of the ntnnsphere, which is called into action by
the vacuum resulting from the great evaporation which
takes place from the leaves, (art. 41.)  The stiosphere,
pressing upon the surfice of the ecarth, forces the water
contatned in the snil through the roots, to fill the empty
spaces oceasion - by evaporation.  When the supply of
water is insuilicicnt, as in scasons of drought, or at the
close of a very hot day, the leaves droop, and frequently
wither.  Iv wet weaiher, on the co.ntmr_\', cvaporation
from the loaf" conses 1 the sap is ernsequently incapable
of rising ; it stagnates, loses its vitality, decavs, and forms
a fertile soil for the growth of fungi. (art. 17:)

100. The cause of the descent of sap in vegetables is
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more difficult to comprehend than its ascent. The follow-

ing illustration 1nay, perhips, serve (o explain the epera-

tion of its downward prozvess, or, rather, of its progress
towards the roots; i, in the drooping bhranches of trees, it
isevident that the sap in the inner bark frequeatly wiernds,
in a manner and under cirewinstances which are oppysed
to capillary attraction and griyity :—If we take a long
glass tube, either straight or bent, tie wun't one extromity
a portion of the intestine of an ox, sheep, pig, or uny ani.
mal membrane, aud pour a quuntity of brine into the open
end of the tube, then plunge the covered extremity into
a glass vessel containine pure water, we shall soon ob-
serve the dense fluid in the long tube rise many inches
above its original heicht: at the samce thoe, the water in
the glass vessel will diminish in quantity, buat taste strongly
of salt. "I'h operation of DIFLI'USION will continue
until the luild in both vessels wttieins the same donsity,
and, consquently, the same degree of saltness.  The
height to which the fluid will rise i the long tul:e depends
upon the nature of the membrauve, and the relafive quan-
tities of brine and pure wuter cimployed in the experiment.
Heve, however, we have an example of wint takes place
in the vegrtable fubrie.

Th porous substance of the leaves represents the
porous animal membrane ; the thin sap in the newer
wood, the pure water in the vessel; the inner bark rep-
resents the long tube containing the brine ; and the dense
sap in the ioner bark, (produced by continued evaporation
from the lcaves and bark.) the brine itself. - It is clear
that the sap in the bark will always be more dense than
that in the inner wood, on account of evaporation from the
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exterior surface of all parts of the bark and leaves. The
portion of the sap which is thus forced to the roots again
is discharged. It is gencrally strongly charged with those
substances which are formed in dilferent species of veget.
ables. Thus, the soil in which poppies are growing will
be found to contain opium ; tannin is also found about the
roots of the oak and hemlock, and resinous substances in

the neighbourhood of balsams, pines, &e.

RECAPITULATION.

19. The prevailing farming practice in Canada and the
United States, involves the abstraction of needful inor-
ganic and organic food from the soil, without the due
adoption of those artifices which can alone prevent its
deterioration.

20. The design of those artifices are,

Ist. To call into active operation the great agents,
Air and Hear, by ploughing and draining the soil.

2nd. To give Time for their infuences to be exerted
benefically, by the introduction of a judicious rotation of
crops.

3rd. To restore, in the form of Manures, some of the
elements of food abstracted by cropping.

21. Draining removes surplus water ; renders soils por-
ous ; admits air and heat ; permits the roots of plants to ex-

pand and ramify ; deepens the available soil ; elevates its
temperature ; makes it more easily worked ; adds some
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weeks to the season for out-door operations; brings into
action the ehemical powers of the soil.

2%, Drains should never be less than 30 inclies deep, and
always under-ground. TIn light soils thev should be con-
structed of tiles or pipes, the smaller the better, so that
the orifice is not less than one inch in diameter. In
heavy soils, road-metal (pelbles varying in size from one
ineh to five in diameter) may be used with sueccess.  In
all cases, sod or stiff clay should be firmly stamped on the
top of the pipes or road-metul In retentive clays, the
drain described in art. 81 succeeds well.  The nar-
rower the water-course, the more permanent will be the
drain,



LECTURE 1V,

Manures—Forni-yavd Alanare—VUrine—CGreen Manuring—Mineral
Miunnres— sy wim— Salt—Lime—23larl—Leached Wood Ashes
—-Artion ol #oil- on Manures—Surface Avtion—Experiments in

Englund—Recnpilnlatiow
MANURES.

101, We cannot increase the amount of available veg-
etable food in air, nor can we always rely upon the pres-
ence of a suflicient supply of mincral food in the soil,
capable of being dissolved by rain-water ; we can, how-
ever, pluce abundunce of both kinds of nutriment within
reach of the routs, IN TIIE FORM OIF MANURES.
Whiatever is added to the soil, for the purpose of increas-
ing its fertility, is terned a manure.  The object of the
furmer, in the use of manures, is either to place within
the reach of vegetables the substunces they require to
build up their structure, or so to change the nature of the
soil, that its adaptation to cultivated plants may be increas-
ed. "The ot convenient mode of exhibiting the action
of different applicuble manures is to describe each sepa-
rately, and state the « liets they are eapable of producing,
and the objeet for which they are applicd to the soil.

102. Farar-Yarp Manvre is unquestionably the best
kind for genernl purposes; it is easilv accessible, and
contains all the substances rcquired Ly cultivated veget-
ables. The excrements of animals consist of a solid and



75

fluid portion : the fluid portion is fur richer in saline and
mineral ingredients, and in ammonia, than the solid por-
tion. In 100 lbs. of the solid excrements of the horse,
there is generally to be found about,

19 lbs. of Vegetable Matter,
3 do. ¢ Saline and Mineral Ingredients.
78 do. ¢ Water.

100 lbs.

The vegetable matter is slowly decomposed in the pre-
sence of air, and becomes converted into Carbonic Acid,
Water, and Apunonia ; the atmospheric food of plants.

103. In aton of fresh horse manure we find about

400 1bs. of Vegetable and Animal Mutter,
40 de. ¢ Flint,

7 do. ¢ Potash,

1) do. ¢ Soda,

& do. < Iron,

3 do. ¢ Lime,

2 do. “ Magnesia,

4 do. ¢ Phosphorus,

4 do. ¢ Sulphur.

The older manure is, the less organic matter it contains,
owing to decomposition and escape in the form of Car-
bonic Acid, Water, and Ammonia. What remains, how-
ever, will more speedily exercisc a beneficial influence on
vegetation, since its advanced stage of decay enables it to
yicld with rapidity a supply of organic food to growing
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crops 3 and, at the sam» time, the mineral ingredients
will remuin undimivished in quantity, wihout the manure-
heap is cxposced to rain, which will not fail to wash
out both organic and inovganic materials as fast as they
Lecome soluble in water.  The proper preservation of
farm-yard manure is rarcly practiced in Canada. Ma-
nure is frequently permitted to accumulate in the yard,
or about the stalles, and when required, it is at once con-
veyed to the ficld without any previous preparation.

As a general rule in Canada, manure should never be
applied to the soil until it has undergone the process of
thorough fermentation ; otherwise, it will be scarcely pos-
sible to clear the land of many noxious weeds, whose
sceds are scattered in all directions by every autumnal
breeze, from those ecxiensive nurscrics on the road sides,
where they are permitted to increase and multiply, to the
great injury of neigbouring farms.  IFarm-yard manure
should be piled inshicltered heaps, and occasionally mois-
tened with its own draivage water, which should be col-
lected and prescrved for the purpose. A thin layer of
loam, strewn over the dung-heap, is very eflectual in re-
tarding decomposition, and especially in fixing its gaseous
products.  (Sce art. 163, 169, and 170, for additional
tatter on the subject of furme-vard manure.)

It is not considered necessary, in view of the present
state of Agriculture in Canada, to advert to the effect pro-
duced on the quality of farm.yurd manure, by fecding
animals with different kinds of foad, as with oil-cake, &e.,
the main object is to induce furmers to apply accessible
and cheap manure, with proper precautions : the prevail.
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ing farming practice being either to neglect the aitifice
altogether, or to make uso of farm-yard litter and drop-
pings without any preparation, and full of the sccds of
weeds.

104. Urive.—The fume of guano, asa fertilizer, is spread
throughout the world.  Many furmers would consider the
nossession of a few tons as a surcty for the sucerss of {u-
ture harvests.  Whatis guano? The exerements of birds,
composed of various saline and mineral ingredients, togethe
er with acids in combination with Ammonia, of which lat.
ter substance guano contains from 7 to 17 per cent.  Its
beneficial cllects are dus to the presence of Sults of Am-
monia, and phosphates, in a soluble state.  Canadian
Farmers would not think of purchasing guano, cven if a
supply were at hand. The price of 104060 dollars a
ton presents an insuperable objrction to its use as a manure
for agricultural purposcs, espoclally when a substitute of
almost equal value is to be found in the urine of the siables.
The urine and droppings of a full grown cow, or horse,
contain o quantity of saline and mineral ingredients,
exactly equal to the quantity of the same substances cori-
tained in the food consumed. In the solid excrements are
found those ingredients which, as they passed through the
body of the animal, resisted the action of the fluids with
which they came in contact. This somewhat singular
statement will appear perfectly credible when we conxider
that a full grown hovse, or cow, consumes food for years
together without increasing in weight 5 that is to say. the

mean or average weight of a milch cow, a working horse,

or ox, is the same throughout a period of many vears.
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Certain constituents of the food assume the form of mus.
cle, Lene, and blood, supplying the place of an egual
amount Qf worn-out and uscless materials, which are dis-
charged from the body in the urine. (art. 163.)

1053. In 1000 1bs. weight of the urine of the horse, there
are found about 45 Ibs. of soluble saline and mineral
ingredients, and 31 lbs. of a substance culled UrEa, which,
upon decomposition, resalves itself altogether into Carbon-
ic Acid and Ammonia.  In 1000 1bs. of the urine of a cow,
there are found about <13 1bs. of saline and mineral ingre-
dients, besides 1% 1hs. of urea. A horse voids, on an
averawe, 3 1bs. of urine in a day. I'rom November to
March he will voill about 450 1lbs., containing 14 Ibs. of
urea and 20 Ibs. of =uluble solids, as much as is contained
in 209 lbs. of guano. A\ cow voids from 20 to 10 lbs. of
urine in a day, according as she gives milk ornot.  If we
take the lesser numiber, her urine will afford, during five
months, 54 Ibs. of urea, and 130 lbs. ot soluble solids, as
much as is contained in 500 lbs. of guano.

106. A drain from the stable, or cow-liouse. to a barrel
sunk in the carth, affords a convenient mode of collecting
urine, from which it may be carted, when well diluted
with water, either in the liquid form, to scrve as a top
dressing, or thrown at once upon the dung-heap.  Ammonia
Is a very volatile substance ; that is, it rapidly separates
itself from the decaving urine, and becomes diffused
throughout the atmosphere.  Gypsum, charcoal, vegetable
mould, or partly burned clay, thrown into the barrel, or
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upon the floor of the stalle, or on the dung-heap itself,
will collect and fix this very volatile and uscful body.

The sheep-fold isan important contrivance fur obtaining
and distributing a supply of excellent ynnnre. Sheep,
however, can not be fud ofl’ the land during the winter
season in this country; they may be fulded in a yard,
~d with straw. By

provided with a close shed and well litie
this means their droppings are preserved, and rm avery
useful addition to the manure heap.

107. Green Mamirive.—The Lest mode in whicli veg-
table manure cuu be applicd to poor sundy soils, or clay
soils scantily supplicid with vegetable matter, is by plough-
ing in certain green crops. Ll juices of the vegetable
rapidly ferment, and induce deeomposition in the substance
of the stalk and leaf itsclf ; und beine covered by the soil
from the external atmosphere, all the prodiuets of decam-
position arc retained.  Green crops, when nsed for curich-
ing the soil, should be ploughed in just hefore the seed is
formed, as at that time they are wmore juicy than at any
other period. Buckwheat is usually employed in Canada.
Clover affurds an excellent artificial means of introduc-
ing vegetuble matter into the soil ; wheat after c¢lwver
is usually of superior quality and abundant in
yi(.'ld.

108. Gyrarw.—CGypsum (Plaster) is a very necessary
article in the hands ol the farmer: he may usc it as a top-
dressing, or strew it overthe floor of the stable, or sprinkle

“it upon the dung-heap, or spw it with the seed. In all cases

it serves two purposes :—1st, to fix the ammonin of the
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atmasphere, and of vrgrtuble substances decomposing in
the soil ; ten pounds of burned gypsum fixing as much
ammonia as would be viclded by six hundred pounds of
the urine of the horse; 2nd, to zive sulphur and lime to
his crops.  Gypsum is espeeially useful on most soils, as
a top-dressing for clover and the grasses. It is applied at
the rate of from three to five bushels to the acre.

The mode in which it exercises its bencficial influence,
probably differs aceording as it is used for a top-dressing,
or distributed with the sced. Its cffects depend very much
upon the condition of the crops, when it is used as a top-
dressing, and on the season, when planted with the seed,
as with Indian eorn or putatoes. It is most advantageously
sown upon grasses and clover when the leaves are well
developed, and before a shower of rain, It cannot be ex-
peeted to praduee much effeet upon Indian corn or potatoes
in a dry season, because of its great insolubility in water.

109. It has been already remarked, that the effeet of
Gypsum is greatly increased by mixing it with its own
weight of commmon salt before sowing. The salt enables
the plant to obtuin the sulphur of the gypsum with ease
and rapidity ; it also affords a supply of Soda, which, as
shown in art. 53, is eapable of cutering largely into the
composition of wheat.  Indeed, all vegetables seem to pos-
ses the powcer ot assimilating Soda, when that substance is
accessible ; it is thus that we find crops growing near the
sea, (near salt,} contain Soda in abundance, whilst those
growing at a distance from any natural source of salt
contain but a very Insignificant quantity of Soda. Salt
excrcises a very favourable influcnee on meadow land,



51
?, ) . .
especially when the meadow has recently being recinined
from a low swampy soil.  Gepsuia is to be found in large
quantitics in the neichborliond of Piodis, in the township of
Dumfries, and at many points on the Crand river.

110. Lmip.—DBured Lime las been the sucerssful
agent in‘accelerating the restera ™y o fertility of num-
berless worn-out furnrs in larcpe nod Anericn, Ty quick-
ens the deconpocition of cluy, anl foras with ihe Potsh,
Soda, and Flint of the eliyv, new cm.)]\nn}ﬂs soluble in
water. It opens and inercases thie porosity of sl soils,
depriving them of that tenacity and adlisiveness which
is frequently an obstacle to working then, and a still more
serions impediment (o the expaosion of the voots of young
plants, and the filtratin of rafnawater. Lhue Tostens and
hereases the efleets of manures, and improves the sanple
of all kinds of culiivatod crops, copeciadly those grown for
the sake ol theirseeds. Tois the great enemy of Asizioxia,
expelling it substance from s union with vegetuble
méuld ond duecaying rm-vand wmanaee. The Amnonia
thus set free, is absorbod by the ¢y, or dissolved by the
water in the soily, wal thus tiden into the cireulation of

planis.

111. Many pernicions weeds are destroved, and nutri-
tinus grasse s hoproved, by the action of Jine. It cxerts
a dectded influence vpon the duration of the growth of
grain-producing crops, oceasionally hastening their matu-
rity by several duvs.  Tis cfliet upon soils containing a
large quantity of vegetable matter is 1omrkable. Many
acids are formed in the soil during the decompnsition of
rools, manures, &c. : thhese ares ofton highly jurious to
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cultivated crops.  Lime, however, neutralizes them,‘and
oceasionally forras nutritious compounds out of the un.
whelesome or poisonous ingredients.

It not unfrequently happrns that soils containing con.
siderable quantities of Lime are nevertheless benefited by
an artificial application.,  The faet is, that cultivated crops,
being crops of rapid growth, derive the lime they require
from Chalk, (Carbonate of Line,) or Gypsum, (Sulphate
of Lime); other forms of Lime may exist in abundance
in the soil, but not applicable o plants of rapid growth, in
conseyuence of thelr coanparvative insolubility in water.

112. The quantity of Lime to be applicd to the acre is
dependent upon the nature of the soil; from twenty to
forty bushels are froquently required Ly retentive clay
soils.  On fields which have been under erop for many
gencrations, as 1auch as 150 bushels are occasionally
sown. A much smaller dose is found sufficient upon the
compuratively virgin soils of cven the longest settled por-
tions of Cimada West. A small dose of from 25 to 40
bushels to the acre, and distributed at intcrvuls of four or
five years, is, in fact, more ndvantageous than 150 or 200
bushels distributed at once.  When a farm has been re-
storcd by the application of Lime, care must be taken not
to grow grain crops afler grain crops, otherwise the soil
will become barren for many years.  If a farm has been
injured after the application of Lime, by injudicious
cropping, the only remedy is repose in grass, or the cx-
tensive use of farm-yard manure.

113. The effect of a proper mpplication of Lime upon
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the amount of produce raised s often astonishing, and dis.
tinguishable for many years.  Numberless instances aro
recorded of a single application having increased the
average {rom eighteen to twenty-cinhit bushels of wheat
per acre.  Viruiuia owes the restoration of lier worn-out
soil to a liberul application of burned Tine.  Buarned lime
should never bi applicd hnedintely hefire or after o/d
farm-yard manure ; and should be sown as long as peesible
before the crop. When ancadows are about 1o be Liroken
up for wheat, a iiberal application of Lime is usually
attended with great wlvantiges. When sown on a sum-
mer-fallow, early in the year, its ellcets will greatly im-

prove the succculing crop.

111, Limestone oceurs abunduntly in many parts of
Canada West. It is found at M:dden and on the castern
shores of Linke [luron. Rocks of this fhrmation stretch
across the country from Owen’s Sound to the Falls of
Niagara. On the north side of Luke Simcoe, we find
them cropping out at Orillia ; thence thvough LR and
Mara, to Bellville and Kingston, Cornwall and Dyvtown.
Limestone always contains traces of phosplorus.  Its
value as a manure is greatly inereased when the propor-
tion of phoshorons islaree s when, for instance, it amounts

to one-half, or ouc per cont,

115. Mann.—Marl is a mixture of Lime and Clay.
It frequenty contains other substanecs, as Potash m.nl
Magnesia ; aud when in the form of Shell Marl, percept-
ible traces of reinains of the once living occupants of the
broken and crushed shells.  Marl can be beneficially ap-
plied to the land when in stubble or in grass, at the rate
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¥ from ten to fifteen loads to the acre. Shell Marl is
found on the shores of Cook’s Bay. Lake Simcoe, and in
the n-ighbourheud of Bytown,

116. Leacuep Woop Asmrs.—Wlen wood is burned,
many of its mineral and saline ingredients become insol-
uble in water.  This is especially the case with the lime,
and compounds containing sulphur and phosphorus.  The
eoluble portion of ashes consists almust altogether of pot-
ash and soda, which are dissolved out when water is fil-
tered through them.in the process of naking bluck salts
or ley for the soap-hoiler.  In treating 100 1bs. of good
ashes with water, from 20 to 10 1bs. of suluble ingredients
are conveved away by the water s the remaining portion,
weighing trom 60 to 80 1hs., forms an exccllent manure,
which may be used as a top-dressing, or mixed with the
dung-heap.

117. In some instances, leachrd wood ashes may be
considered preteralle to unlenched wood ashes, (‘spcc-inlly
on soils which do nat contain wuch veeetable matter,
without their applicution is accompanicd with a large dis-
tribution of furm-vard maunure. The Potash and Soda of
the unlenched ashes cause a very rapid decomposition of
vegetable substances.  They greatly impoverish a soil
when applied too freely, their effvcts being more powerful
than those of lime.  [. ached ashes, Lowever, act slowly
and beneficially for a long preriod of time.  Muany thou-
sands of tons of leached ashes lie in neglected heaps
throughout all parts of Canada West, particularly in the
neighbourhood of soap manufactories, and localities where
the preparation of blac's salts is, or has been, carricd on.
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ActioN oF SoiLs ox Maxures.

118. From the resulis of the experiments of Profes-or
Way, chemist to tle Royal Agricultural Society, on the
properties of soils, it appcars that cluy and loumy soils
possess most importaut chemical powers for the decompo-
sition of animal, vegctable, and mincral substunecs, wlien
diffused throushout their substasee, as in the process of
filtration or drainage. Professor Way stuies, that it is
only necessury o stiv up o quantity of ¢luy or loamy wail
in solutions of Salts of Ammonio, Potash, Lime, Soda,
Magnesin, &, inorder to observe this remarkable pro-
perty. The clear liquid remaising after the subsidence
of the particles of clay, will be found cither entircly free
from the Alkali cinployed, or sensibly diminished  in
strength. “Tlhie soil of an acre of land one inchiin depth
witl weigh 100 tons, or 10 inchies in depth, 1009 tons.  This
quantity of soil would arrest and combine with three tons
of Ammonin, 10 tons of Potash, 15 tons of Sulphate of
}(mmoni:l, or 15 tons of Carbonatc of Lime. Inorderto
furnish three tons of Ammonia, 15 tons of Sulphate of
Ammonia, or nearly 29 tons of Peruvian Guano, nmmst be
employed, which, at £10 a ton, would be worth £200.
The Ammonin of «lumlh['u wing vegeltable and animal mat-
ter is thus cereflully treasured up by clay soils, for the
sustenance and nourishment of vegetuble life.

119. These cflects, so important to Agriculiure, can
only be produced on alarge scale under a systom of effi-
cient drainage. They pojut out, however, in a remark,
able manncr, the value of the liquid manure of the
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stuble, and of yanures generally in a liquid form. - They
are also leading to a more economical and judicious mode
of distributing fertilizers, which must, in a few years,
prove of incalculuble advantage to the interests of Agri
culture, althoueh not vet applicable on a large scale in
this country.  ‘The action of drains, in thusdrawing out,
as it were, the propertics of soils, depends upon  the im-
mense inerense they give ts what is termed surfuce action,
A soil in which all the superuous or drainage water is
conveved oway, ciilier naturally or artificially, becomes
at once revnackally porons, and reecives in consequence
a very large quantity of atmospheric air, as may be

shown by the following simple experiment :—

Introduce a pivee of dry pine charcoal into a wide.
rnouthed hottle 3 fill the bottle with eold water, and im-
nmierse it with the mouth downwards in a pan or other
vessel; place on a stove er fire.  Care must be taken, in
immersing the bottle, that no air cnters into it.  As the
water warms, the air contained within the pores of the,
charcoal will expand, and issuc {rom them in the form
of a minute and eontinuous stream of bubbles, which,
colleeting at the top of the lottle, will show the quantity
contained wiihin the pores of the charcoal.  When the
charcoal is taken out of the Iottle after cooling, it will be
found much heavier than before, having ubsorbed water
in place of air. Tt is thus that suils, when well drained,
coutain large quantitivs ol air, which circulate around
their particles during  every chauge of temperature.
When undrained, their pores, or spaces between their par-
ticles, are filled for long periods of time with stagnant



87

water, prejudicial to the growth of ithe roots of veue-
tables.

120. Solid, and even fluid bodics, possess the power
of condensing upon their surfaces thin films of atmos-
pheric air.  The quantity of air in actual or very close
contact with a solid body will depend, therefore, upon its
porosity, or in other words, upon the extent of surface it
cxposes. A picce of window-gluss will thus condense
far less air upon its surfuce than when reduced to a fine
v laid inoa heap. .\ sandy seil, or a

powder and loosels
porous soil of any desrription, may be supposcd to pos-
sess the power of condensing upon the surtaces of the
innumerable multitude of particles of which it is ermpos-
ed, films of atmospheric air.  ‘T'he oxyeen of the airis
presented to the veectable or amimal watter which may
be present in the soil, or artitivially introduccd in the form
of liquid manures, in o very condensed state, and in a
measure frce from that repulsion which separates its
patticles in the atmosphere.  Under such circumstances,
chemical action c:n scarcely fail to take place. The
Oxyoen will combine with the Carbon or IIydrogen of the
manures, and firm with them Carbonic Acid and Water.
Hence, filtration throuch any porous substance of con-
siderable depth entirely changes the nature of the veget-
able or animal hnpuritics filtered liquids may contain ;
and scwage waler, the drainings of the stables or
manure heap, when well diluted with water, become most
powerful manures, because the incredients they contain
are inimediately arrcsted by the soil, cxposed to surface
action, and nuule at once available food for erops.
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121. In d/lustration of the important uil farmers can
render to the soil by the adoption of Mnproved methods,
I append a fow remarkson sine experiments which have
recently been made in Tingland. They are not applicable
in the present condition of Canadian ITusbandry and
labour, vet they involve principles which are universally
interestine, anid deserve, on that aceount, to be widily eir-
culated. Tl svslom adopted by the colebrated Jethro
Tull, who, one hundred vears aco, successfully grew
wheat after wheat for many succeeding vears, and thus
gained the name of Prosperity Tull, hos recently been
revived by o Mr. Sinith. . That genileman has grown
wheat afier wheat, with excellent crops, for twelve years
on the same land, and without manure.

The practice adopted by old Jethro and 3Mr. Smith, is
now much canvassal. [lis plan is to divite his land into
strips of about one vard in diameter, and numhrred, as
woe will suppese, 1, 2.3, 4, 5,6, 7, &e. With the spade
he dixs Nos. 1, 3.5,7, &, to the depth of 15 or 20
iches, and dibbles in the wheat in September, at the rate
of two pecks to the acre. 11 writes this vear, that with
two pecks to the acre, every looker on says it s too thick.
When the wheat appears so far aliove the ground that the
wortkmen can see it, they are set to dig and trench the
spices numbered 2,406.3, 10, &c., fillren or twenty
inches deep.  They leave it rangh, and it remains fallow
until the erop on the sown strips is reaped.  The blank
rows are then sown with two pecks to the aere; the other
rows are in their turn dug, and so on, each strip being

thus alternately cropped. The average produce of the
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twelve years bas been above twenty.cisht bushels to
the half acre, or fifty-six bushels to the acre. The land,
it must be borne in mind, is thoronghly drained. It is
gencrally thought that an occasional dressing of manure
should be used, cspecially of these miiueral manures
which are adapted to restore to the soil the mineral ingre-
dients abstracted by cropping ; for, notwithstanding the
rapidity with which its saline and mieral constituents
are converted into available food, and the great depth to
which the roots of vegetables are capable of penetrating
the soil, in conscquence of its remarkable porosity, it i;
certain that long-continued cropping 1uust eventually ex.
haust the available supplies of Phosphorus and Sulphur
compounds.

It is easy to sce that the storeliouse of organic food
Mr. Smith and Jethro Tull found in the atmosphere, the
stores of gaseous food (Carbonic Acid and Ammuonia)
there existing, are made available through the ageney of
falling rain, which, besides abundant supplies of food,
brings down Zieat (art. 83), which it carries with it, and,
as it were, deposits it in the soil existing between the sur-
face and the drains. It will be remarked, that the rain
filters rapidly through the porous soil, and /raves belind
its supply of gascous food for immediate assimilation, and
its three per eent. of oxygen (art. 30), to assist in the sol-
ution of the requisite mineral ingredicnts.

A new light seems 'to have dawned upon the minds of
men, in relation to the great and first principle of farm-
ing—praiving.  There appears to have been a great
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error in this most valuable practice. Tl drains, hitherto,
have heen constructed tan far apart in the heavy clays,
which has 1ol 1o much disappointment and discourage-
ment.  Mr. Pavne, a grntleman of property and educa.
tion, and who furms largcly, bas recently written on this
subject. e originally drained at intervals of 30 to 40
fect: his land being the heavicst clay ; the benefits he
derived {rom the process wore partial and unsatisfactory.
He changed his plan, and drained larecly at ficclve and
Jfitteen fect apart, expending £16 sterling an acre on the
work ; the result is most satisfactory @ previously, contin.
ued fuilure and disappointment ; now, cntire success,
the crops being enormons.  One ficld on Mr. Payne’s
farm had an area of fourteen acres; it was drained at
twelve feet apart and four feet decp, except a small cor-
ner in which the drains were put fifteen feet apart.  The
whole of the ficld was quite level, there being no surface
furrows after the crop was sown.  To test the effects of
close draining, he had a number of holes dug two feet
deep, and after ten hours continued heavy rain, Mr.
Payne, accompanied by his bailiff, went to inspect the
field ; the soil being the heaviest clay. No water was
found on the surface, but rivers were pouring from the
drains.  Over the whole of that part of the field where
the drains were placed 12 feet apart, no water was found
in the holes ; but in the corner where the drains had been
placed 15 fect apart, about two inches of water was found
at the bottom of the holes, a rosult most satistactory.
The fucts thus ascertained and published by Mr. Payne
have elicited many letters of thanks from other farmers
scattered about England and Scotland.  Mr. Payue states,
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further, that the land in his neighbourhood, which could
not be let for rore than two shillings and sixpence ster-
ling an acre, previously to draining, now readily lets for
thirty shillinzs sterling an acre, alicr being improved by
his close system. The real advantage we reap in Canada,
by the publicution of the rosults of cxtensive experimcents,
similar to those recently given tothe world by Mr, Payne,
consist in the satisfuctlory coufirmation they afford of the
fundamental principles of the Scicnce of Agriculture;
and the engouragement we derive to prosccute the study
of a branch of knowleder which reveals the true char-
acter of the astonishing, vet shmple relations existing
between veertubles, air, and soils. It would betray great
jgnorance of the circiunstances under which Hushandry
is prosecuted in this country, to recomnind the adoption
of those expensive artifices which prove remunerative in
Great Britain and Ireland ; for not only do the circum-
stances of Canada, in relation to capital and lubour, ditler
immeasurably from those which obtain in the densely
peopled countrics bevond the scas, but the condition and
tenure of the soil, und the price of priduce, forbid their
introduction at present, for many obvious reasons.  Our
altention must first be dirccted to the more economical
and less artifical methods (art. 73), which cvery man may
practice, of assisting a naturally fortile soil to vicld an
sbundant return without pETERIORATION ; and if we suc-
ceeld in that great problem, we shall still be relutively in
the same condition as those who have had recourse to ex-
traordinary artifices, in order to restore the fertility of
soils so exhausted by centuries of cultivation, or naturally
e unproductive, that the simple methods which may



92

answer cvery purpose on our vigorous soils, have there
fuiled, in numcrous instances, to produce remunerative
returns.

RecariTuraTion.

23. The object of applying Munurcs to the soil is two-
fold :

1st. To introduce an equivalent for that supply of
vegetable food which is necessarily abstracted by repeated
cropping.

2nd. To ameliorate the condition of the soil, by render.
ing incrt matter available as food ; by improving its phy-
sical characteristics; and by destroving noxious com-
pounds.

24. Farm.yard Manure is the best kind for general
purposes ; it contains all the elements required by vege-
tables, and a large proportien of them in a proper state for
immediate assimilation.

25. The liquid portion of Farm.yard Manure is emin-
ently serviceable in affording a supply of organic and
inorganic food.

26. Tt becomes a matter of grcat impertance, in the
long-run of vears, to apply to the soil the droppings of
every kind of stock kept on a farm. Itis advisable to
form a compost heap, on which animal and vegetable re-
fuse of every description may be thrown, and covered with
a thin coating of loam, in order to arrest the gaseous pto-
ducts of decomposition.

27. The ploughing-in of green crops, or occasionally
laying arable land down to gruss, affords a speedy and
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cconomical mode of cnriching poor or exhausted soils.
These artifices serve also to draw soluble mineral ingre-
dients from the subsoil ; leaving them in the surfuce-soil
by means of decaying roots.

28. Among Mineral Manurcs, Lime is generally the
most economical in effecting the solubility of nccessary
ingredients in clay or sandy soils. Its clloets upon vege-
table matter, when not applied in too large quantities, are
highly advantageous, assisting its decomposition, and
liberating available food for growing crops.

29. Lirached Wood Ashes, when accessible in sufficient
quantities, constitute a very useful mineral manure. They
contain all the mineral elements required by plants, and
operate beneficially upon the organic matter in soils.

30. Crushed Bones are especially adapted to improve
old pastures ; they restore to the soil the phosphates ex-
ported in the form of milk, butter, and cheese; their
organic portion, upon decomposition, adds to the available
nitrogen of the soil,






art Second,

ON THE RELATION OF VIGLETABLES
TO ANIMALS.

LECTURE V.

Division of Veuctable Principles—Principles containing Nitrogen
—Drinciples not containing Nitrogen—Waody Fibre—Starch—
Sogcar—Iomerie Bidics—Oils and Fats—Nitrogen Principles—
Relation to Animal Life—Recapitnlation.

122. The resultsof modern investigations into the chem-
istry of veectables and animals, furnish us with most
striking and comprehensive views of the relationship exist.
ing between them. The products of vegetalle life are
* capable of being couverted, by the wonderful process of
digestion, into bone, sinew, flesh, and blood. In other
words, the gases of the air, and the mincral ingredients of
the soil, assuine the form and substance of sentient and
moving beings, through the instrumentality of vegetables,
and thosc vital energics with which animals arc endued by
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the Creator. The purposes served in the animal economy,
by the compound bodies, or vegectable principles, such as
wouly fibre, sugar, starch, oil, &ec., which are found to
exist in vegetables, constitute a subject of deeply interest.
ing enquiry. and in no other field of scientific research,
have the laubours of chemists been rewarded with such
beautiful and surprising results. ’

123. Among the innumerable products of vegetable or-
ganization, not more than nine or ten are of direct interest
to the Canadian farmer; and they derive importance on
account of the adinirable purposes they serve as food
for man and animals, or as raw_materials for the use of
the manufacturer and artizan. They are susceptible of
division into two great classes, according to the elementary
substances of which they are composed ; and it will be
abundantly sufficient for all the purposes of practical
ITusbandry, to adopt this characteristic distinction, without
entering into descriptive details of many substances, which,
although of vast hinportance in other practical Arts and
Sciences, do not enter into the "composition of vegetables
nsually cultivated by our farmers, or play important parts
in the nutrition of animals.

Fizsr Crass,

PrincirLes noT CoNTAINING NITROGEN.

l Woody Fibre,

2. Starch, Composed of Uxygen,
3. Gum, ¢ Hydrogen and Ldlum],
1. Suecar,

5. Oils.
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Privceres CoNraing Nitroeens ; (ProTeing
CoNPOUNDS.)

1. Vegetable Albumen, b
| Composed of Oxvgen,
¢ Hvdrogen, Carbon, and
: ~ | Nitrogeu.
Veg. Cuscine. J

2. Gluten,

p
Veg. Fibrine :
(Albumen and Fibrine both contain Sulphur and Phosplio-
tus ; Caseine contains only Sulplur.)

124. The presence or absencs of Nitrogen constitules
a great and importast distinetion between the two classes
of vegetable substauces. It is found to excreise the most
astonishing influecnce upon the purposes served by them
in the animal economy, when used as food. It appears,
that the nutritious parts of vegetables—those which go to
form muscle, hair or wool, cartilage, and tlic orgauic part
of the bones—are always distinguished by the presence
of Nitrogen. Particular attention, thercfore, is due to this
substance, in rclation to the food of animals.

125. Wooby Fisre.—Woody Fibre forinsnearly the whole
mass of forest trees ; and about one-half of the stalks of
grasses, and straw of grain-producing crops.  Iis quantity
in succulent roots, such as the turnip, bect, carrot, potato,
&e., is very small, being rarcly move than from two to
four per cent.  Woudy Fibre is furmed of carbon aad the
elemients of water ; it decomposes slowly, when exposeu te
moisture and air 5 it Is then converted into two compounus,
carbonie ucid, and vegetabla mould ; when the last-named

substance 1s cxposed In a woist state to air, it absorls
A
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oxygen with rapidity, and gives ofl” an equal quantity of
carbonic acid. It is thus that the decay of vegetable
mould affords an abundant supply of food to young plants.
126. When woody fibre is in eontact with potash, soda,
ormagnesia its decay is much accelerated ; when surround-
ed or impreenatd with an acid substance, as strong vine.
ear, or weak spirit of salt, deenmposition is very much
retarded. The deeay of wonly fibre is a question of
some interest to farmers and builders; great expense is
occasionally incurred in renewing sleepers, sills, gate-posts,
fences, &c., whivh have decayed immediately above the
soil, where they come in contact with moisture, the potash,
soda, and lime of the soil, and the oxvgen of the air. 1If
charred by burning, or coated with pitch, coal-tar, &e.,
the decompnsition of the wood will be greatly retarded.
An cxcellent mode of preserving wood is extensively used
at presont in Bogland ¢ it eonsists in placing the wood to be
cured in a common boiler, which is then nearly filled with
tar-oil, the air being afterwards pumped out by means of ex-
hausting air pumps; a frozh supply of oil is then forced into
the boiler by hydraulic pressure, and allowed to remain in
contact with the wood for snine hours. The efleet produced
issuch asto render any kind of wood perfectly insensible to
exposure, and free from the attacks of inscets ; iron bolts wilk
not rust when driven into it.  The expense of preparing
the wond in Fngland is from 13 1o 18 shillings per load.
127, Pure wondy fibre is found in the forms of the fi-
hres of cotton, Liemp, (lax, &e., and thus constitutes a most
voportant material for the manufacture of textile fabrics.
Bleaching consists in the destruction of oils, resins, and
other matters which are associated with the woody fibre.
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and discolour it. Woody fibre wmay be converted
into gum, sugar or starch, all of which bodies way
be said to consist of carbon and water. By a pro-
cess requiring a little nicety in manipulation, it enters
into combination with Nitrogen, and is changed into a
very explosive compound, known as gun-cotton.

Woody fibre exhibits a singular attractin for the pre-
dominate constituent of clay and alum, namely, Alumina.
When cotton or linen cloth is dipped into a solution con-
taining acetate of Alumina, (a compound of aceiic acid,
or the acid of common vinecar, and the earth Alumina,)
the earth immediately combines with the substance of the
cloth, and forms an admirable basis for fixing various co-
louring matters uscd in the process of dycing.

128. Srarcy.—This very important vegetable substance
is found in the sceds and roots of all cultivated plant:.
Wheat Flour contains from . . 80 to 75 per cent.
Barley Plour . . . .. .. . 63070 do.
Rice. ... .........80tox> do.
Indian Corn . . . . .. ... 73to=0 do.
Potatoes . . . . . ... ... 13t015 do.

It is found also in the bark of many trees, especially in
that of the willow and pine. Dy a simple process it can
be obtained from shorts in large quantitics; the shorts
must be mixed with water, and allowed to remain in the
vessol until the whole mass ferments and becomes sour,
for the purpose of removing the gluten, (art. 135.) which
wauld otherwise retard the separation of the starch.  One
of the first results of the germiunation of sceds is the con-
version of their starch into sugar; which, being composcd
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of enrbon, rxyeer, and hydrogen, serves as the food of
the young plant, for the formation of its first roots and
leaves.  The process of germination is imitated in malt-
inz. The starch of the grain is converted into sugar,
which, in the manufaciure of becr, breaks up into two
new substances, carbonic acid, rising in bubbles (froth),
and alcohol.

129. Starch is completely insoluble in pure cold water;
but the roots of maple, beeeh, &, contain a substance
naned Dinstase, which possesses the property of rendering
starch soluble in water, (art. 136.)  During the autumnal
months, starch is deposited in the wood through which the
sap ascends.  When spring commences, water is forced
up through the roots, and dissolves a portion of the diastase,
this again effects the solution of the starch the water meets
with it in its course, and converts it into sugar. The pro-
cess js similar to that which takes place during the malt-
ing of barley.  If stareh be heated until it becomes brown
and smokes, it will be converted into a substance entirely
soluble in coll water, and known as British Gum.

130. Susan.—Suraris found in the juices of many
veuetables, particularly the sugar-cane, beet root, carvot,
birch, maple, &c¢.  Upwards of five hundred million
pounds of manufactured cane sugar were imported into
the United Kingdom during the yeur 1833, In the same
period France and Belgiom manufactured from the beet
root not less than one hundred and forty-five million
vounds.  From the maple, in the vear 1343, Canada ab-
tained four million pounds.  "I'he quantity brought into the
erarkets of the world of sugar obtained from different



101

vegetables, amounted, twelve years ago, to the enormous
number of 1653 million pounds.

131. Tn the manufacture of beet root sugar, the first
operation consists in washing the roots, which is usually
done by a rotatory movement upon a grating, in a shallow
trough containing water; they are next submitted to the
grinding process of a rasp, consisting of a number of sinall
saws attached to a drum, having a rapid and uniform
movement ; when thus reduced o pulp, the semi-liquid
mass is collected in bags, and submitted to pressure ; the
juice is then conveyed to the boiler 5 biefore boiling it should
be mixed with commuon slacked lime, in the ratio of 1 1b.
of lime to 88 gullons of juice; afler boiling for a short
time, it should be awain filtered throuwh blanket stutl, and
then concentrated by boiling, in the usual manner of mak-
ing maple sugar; if a fine quality is required, after the
second boiling has been carried on for some time, until the
juice attains the consistency of thinsyrup, it is to be filter-
ed through a layer of bone-black or finely powdered char-
coal, aud then concentrated by boiling, until crystalization
takes place.

132. A very remarkable circumstance connected with
some of the substances found in vegetables, is their
identity of composition.  Tlus we have Starch and Gam,
which differ so widely in external characters, in their ap-
pearance, their taste, their odour, composed of precisily
similar materials, united tngether in the same propor-
tions. In 162 1bs. of Starch or Gum, there are exactly
72 lbs. of carbon, R0 Ibs. of oxygen, and 10 Ibs. of hydro-
gen, or what is the same thing, 72 Ibs. of Curlon, and
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90 lbs. of water, (art. 29.) In 153 lbs. of cane sugar,
72 lbs. of carbon, and 81 lbs. of water. In 31 Ibs. of oil
of Turpentine, or oil of Citron, two liquids differing
widely in their properties, there are contained 30 lbs. of
carbon, and 4 lbs. of hydrogen.  Their difference in pro-
perties is due to the arrangement of the particles of which
they are coniposed. We may suppose the mode in which
this arrangement differs to be as follow :—In one body,
say Starch, one unit of Lvdrogen may be associated with
6 of carbon and 3 of oxveen, to form one unit of Starch.
In gum, we may imagine 2 units of hydrogen to be com-
bined with 12 units of carbon and 16 of oxygen, to form
one unit of gum.

133. The various propertics of these bodies being de-
pendent upon the mode in which their particles are arranged
torcther, afford us an excellent illustration of the beautiful
simplicity and admirable contrivance exhibited in all of
nature’s works.  They are known by the name of
ISOMLRIC bodies, and constitute a very important and
highly interesting class of vegetable principles.

134. OmLs anp Fats.—More or less of these substan-
ces are found in all vegetables; they consist of a solid
(stearine) and a fluid (oleine) portion, which can be separ-
ated, by first subjecting the oils or fats to cold, for the
purpose of hardening them, and afterwards submitting
them to pressure between folds of linen.  The oil is absorb-
ed by the linen, and may be obtained pure by immersion
in hot water. The solid portions of many oils and fats
are identical in composition ; thus, the solid ingredient ot
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olive oil, butter, the goose, and of man ave alike ; in other
words, they are 1somMER1c bodies.

There are contained in 100 1bs. of

White Mustard Sced, about . . . 35 1bs. of Qil.
Black Mustard Sced, 77 ., . 15 1bs. do.
Sunflower, AR 5 3 | - /T
Beeel Nut, 7oL 15-17 bz do.

135. The XNrirrocrx Puinereres found in culiivated
crops, and of interest to Cinadian furners, are two in
number, Grurten wd Arposey.  Gluten can be ob-
obtained from flour by introducing a smull quantity of that
substance into a muslin bag, and wihing it well in cold
water.  Alter a short time, the whole of the starch of the
flour will pass through the meshes of the bag, and leave
the gluten behind, in the form of a soft vellowish mass.
When the water in which the flour has been waushed is
allowed to remain stationary for a few hours, it will be-
come clear, and at the bottom of the vessel a deposit of
starch may be scen. When the clear watcer is heated to
the boiling point, a substance similar to the white of an
egg will be observed to float upon its surface, or remain
suspended in the fluid.  T'Lis substinee is Vegetable Al
bumen ; Gluten and Albumen both contain sulphur, in the
proportion of one part of sulphur fur cvery twenty-five
parts of nitrogen.

136. During the germination of seeds, the Albumen or
Gluten they contain ferments, and becomes changed into
the substance Diastase, (art. 129.) One partof diastase
is sufficient to render 2000 parts of starch soluble in eold
water ; it is thus that the starch contained in the sceds of
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gome vegetables (wheat. &e.), and in the roots of others
¢{potato, Jerusalem artichoke, &c.), serves to nourish the
voung plants before they have developed leaves or roots.
Tt is, however, in relation to animal nutrition, that vegeta-
ble Nitrogen Principles exercise the most remarkable
influence. When gluten is submitted to a careful exam-
ination, two substances are found to enter into its compo-
sition, one of which is vegetable rIBRINE, similar to the
muscular matter of animals, the other vegetable caszing,
to the curd of milk. Vegetable albumen is also ideatical
with the white of an egg.

It is thus that the muscular matter of anirnals, and the
chief portion of their blood (dissolved muscular matter),
is furnished by vegetables. A VEGETSBLE WHICH DOES
NOT CONTAIN ANV NITROGEN PRINCIPLES, CANNOT ASSIST IN
ADDING ONE PARTICLE OF MUSCLE TO THE ANIMAL FEEDING
UPON IT.

Animals do no, therefore, FORM the substances which
build up their structure; it is the office of vegetables to
prepare them for animal use.  The animal merely appro-
priates the muscle, cartilage, and organic bony matter,
which the wonderfully constructed vegctable fabricates
from the crude and inert elements of the air and sofl(art.16).
“Plants have the power of absorbing and assinilating the
simple clements, and forming them into ternary and quar-
ternary compounds. Animals have not the power of as-
similating the simple clements ; they can only appropriate
them for their nourishment, when they are ready formed
into ternary and quarternary compounds, and this office is
performed for them by plants.”—(Fowne.)

137. It will be hereafter shown that a daily waste takes
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place in the animal hody ; that wern-out ani dead particles
of flesh are removed in the urine.  The places of these
useless and rejected particles can only be supplied by the
Nitrogen Principles contained in the food ; hence it fol-
lows that dict which does not contaln certauin Nitrogen
Principles cannot serve as nutrineent.  An animal Leed-
ing on such dict would soon becoms wasted, focble, and
diseased. ¢ A horse may be kept ilive by feeding it with
Potatoes, a food contatiing a very small quantity of Nitro-
gen ; but life thus supported is a gradual starvation ; the
animal increases ncither in size nor strength, and sinks
under every exertion.”’—Licbig.

RECAPITULATION.

31. Veactable Principles may be divided into two classes,
in relation to the purposes they scrve, when considered
as food :—

1. Non-Nitrogenized principles.

2. Nitrogenized principles.

32. The most important non-nitrogenized principles are
woody fibre, sugar, starch, and gum, tocethier with certain
oils. The first four may be said to be composed of Carbon
and water.

33. The principles containing Nitrogei, named in art,
123., arc susceptible of assuming the form of animal
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flesi, when used as food. The principles not containing
Nitrogen, cannot add to the muscular strength of the body,
although they may assume the form of fat.

34. The vegetable forms flesh, the animal apprepri.
ates it.



LECTURE VI,

Composition  of Crops—Nutritious TPrinciples—Relative value ot
different kinds of Vegetables for the purpose of Nutrition—Rationa
for Workiuy Cattle—Milch Kine—Feeding of Cattle—Conditions
of Fattening—The Calf—Cheese—DButter—Recapitulation.

138. It has been remarked, that a vust varicty of Prin.
ciples are formed in different species of veaetables, and
thatthose which espeeinlly interest the furmer, or such as
relate to the feeding and nutrition of man and other ani-
mals, are few in number and many of them simple in
composition ; the most important have already been de-
scribed in the last lecture ; it remuins now to show the ex-
tent to which ecach individual substance is produced in
certain descriptions of vegetables, and the dutics it
fulfils when used as food.  Subjoined is a table prepared
by Profissor Johnston, to illustrate the average composition
and production of nutritious and other maltter per acre, for
each of the usually cultivated crops.
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Wheat, ..... 25 1500 | 225 825 1501022013010 60| 30

Oats, ........ 40 1700 | 310] ®50 230 95 GO

Barley, ..... 35 1300 | 2761080 216 45 306

Indian Corn| 30 =00 ] 270 900 216 |90 to 170" 27

Peas, ........ 25 1600 | 130 800 380 45 45

Potatoes, ...| 6 tons/ 13500 | 675! 1620 300 45 121

Turaips, ... |20 ,, |45000 1350|4500 510 130 ! 400

Carrots, ....[25 ,, |56000 {1680 | 5600 840 200 560

Mead. Hay | 14 ., | 3100 {2020 1360| 240 |70 10 170{ 220

Clover Hay| 2 ,, | 4500 [1120 1800 | 420 |135t0225) 400
Drumhead 1

Cabbage,|20 ,, (45000 | .. .. 1500 .
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139. It has been aseertained by the most exact experi-
ments, that such substances asstarch, gum, sugar, and oil,
which do not contain Nitrogen, cannot support animal
strength,A or even life, for any length of time ; those
principles alone which coutain Nitrozen being capa-
ble of assuming the form of anim . flesh and blood,
when usied as tood.  The nutritious powers of vegetables
are therefore depondent upsia the amount of Vi ngenized
principles they contain. It is tv b2 chsare- 7 that the term
nutritions powers refers to the eapubility of the vegetable
to supply the materials of flesh, blood, and bone for young
animals, or for the daily wase which takes place in adults,
and has no allusion whatever to fat, which is either pro-
vided by the oil or fut of the food, or obtained from the
decomposition of starch, sugar, and woody fibre.

140. In the above table, we find that 1,500 lbs. (25
‘buslhels) of wheat, contain from 130 to 220 lbs. of Nitrogen
principles. If we take the lower calculation, we find that
100 lbs. contain 10 1bs. of Nitrogen principles. It appears,
also, that 15,000 lbs. (20 tons) of turnips will contain
540 1bs. of the same important substances. 100 lbs. of
turnips will contain therefore 1} lbs. of nutritive matter.
100 1bs. of wheat are consequently more than eight times
as valuable, for the purpuse of giving bone, muscls, and
blood to animals, as 100 Ibs. of turnips.

141. Tt is to be well remembered, that the form in which
different kinds of food are given to animals, has very great
influence upou the actual amount of benefit they derive
from them. In the juices of green vegetables, for example,



109

4 certain quantity of Nitrogen principles, and of substan.
ces capable of being converted into fut, as sugar, starch,
and gum, are found in a dissolved state.  When a vege-
table arrives at maturity, and is made into fodder or hay,
these soluble substauees wssuwma the solid form ;) they eve
deposited in the husk of the sced, arconverted into woody
fibre ; when in this siate, they are less easily actodgupon by
the organs of dizestion.  This conclusion is fally verifiod
by experience ; green firlder, when properly administered,
being always found move nutritious than when given to
animals in the form of hay, cut when fully ripe.

A French chemist found that 9 1bs. of yreen lucerne
were quite equal in fuldering sheep to 34, 1bs. of the same
forage made into hay ; while he at the sawe time ascertain-
ed that 9 lbs. of grecn lucernc would not, on an average,
yield more than 2 %5 lbs. of hay. Hence it would appear
that 9 1bs. of lucerne consumed in the green state, produces
as much effect as 15 lbs. when made into hay. All grain
crops and green crops are, for the same reason, more nu-
tritious, both with respect to grain and straw, when cut
before they arrive at maturity. It is found, indeed, that
oats will yicld a fulder one fourth more nutritious when
eut before the sced is fully ripe, than when it has arrived
at maturity. o with respect to Indian Corn stalks,’
clover, vetches, peas, &c. Again, green fodder of all
kinds possesses certain purgative properties, which musy
In some measure diminish its nutritive powers.

These facts must therefore be borne in mind, in consid-
ering the following table, by Boussingault :—
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© LComparative Tuble of the Value of different kinds of Food
Jor Catile, Meadow Hay being taken as « standard.

Nitrogen in

NAME OF VEGETACGLE. }"(;‘",seTbln t}ygof{l;fi.:lz Tl{g:{::wl
! not dried.
1bs.

Ordinary Meadow ITay - .| 110 11 1000
Ditto, fine quality - . . .| 110 13 980
Red Clover Hay, 2d year - .| 101 15 750
RedClover,cutin flower, gr.do.] 750 6 3110
WheatStraw - - . .7 . | 200 3 4000
Oat Straw . . . . _ | o1p 3 3800
Pea Straw . . . . . &5 18 640
Vetches cut in flower, and )

dried into Hay . . .| 110 11| 1010
Drum C:ll)])ngt‘ - - - - - 923 3 4110
Field Beet or Mangel Wurtzell =73 2 5480
Carrots - . - . . . | a7 3 3320
Jerusalem Artichokes - . .| 799 3% | 38482
Potatoes . . . . . . | g59 3| 3190
White Pcas (dryvy . . o . k6 38 270
Oats - - .. . _ _ | o9pg 17 680
Field Beans . . . . _ . 79 51 230
Swedes . . . . . . . 910 1y%! 6700
Linseed Cake . . . . o134 52 22

—_— | Y7 |

142. Example.—In 1000 1bs. of meadow hay, there are
contained 11 lbs. of Nitrogen, and 110 1bs. of water. Its
nutritious value as food is considered equal to 1000, which
number is taken as the standard of measurement. Red
clover hay, second years’ growth, contains in 1000 Ibs.
45 lbs. of nitrogen, and 101 Ibs. of water.  Its value as
foad is represented by 750 ; that is to say, 750 Ibs. of red
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tlover hay, second years’ growth, afford as much nourish-
ment as 1000 1bs. of meadow hay. Again :—3190 lbs. of
potatoes, containing 659 lbs. of water, and 33 of nitrogen,
in 1000 lbs. of the root, are as nutritious as 1000 1bs. of
meadow hay. Or if we feed an animal with 270 Ibs. of
peas, it will obtain as much nourishment from them, as
from 3820 1bs. of carrots; or from 680 lbs. of oats, asfrom
3800 Ibs. of oatstraw ; or from 1000 lbs. of meadow hay,
as from 6700 Ibs. of Swedish turnips.

143. Let us suppose, for the sake of illustration, that
the stock of hay runs short, and that instead of giving
20 lbs. to his horse per dicin, the farmer can only afford
10 lbs. The problem he has to solve is this:—What
quantity of turnips, cirrots, potatoes, mangel wurtzel, oats,
or oat-straw will afford a substitute for 10 lbs. of hay,
and keep the teams in good working condition ? The table
informs us that 10 lbs. of good hay are as nutritious as
67 lbs. of turnips, 38 lbs. of carrots, 31 Ibs. of potatoes,
54 1bs. of field beet, G, lbs. of oats, or 38 Ibs. of oat-
straw.

144. There are many circumstances which interfere
with the practical value of this table in its present condi-
tion. It contains within itself, Liowever, the clements of
much useful information. A working horse requires more
food than one that is idle ; a cow giving milk more than
one thatis dry. Nutritious diet, packed in a comparatively
small space, is essential to a working horse ; otherwisc he
would not have time to consume his food. But a kind of
diet, occupying a very small space, would not fill the sto-
mach of the animal ; he would consequently feel hungry,
although enough had been eaten to supply all the purpo-
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«es of nutrition.  Doussincault savs, that a horse of the
ordinary size requires from 26 to 33 Ibs. of solid foed, and
the same quantity of watrr, in the twenty-four hours. If
fod with oil-cake, he would consume as much nutritious
mader in 6} 1bs. as in 83 lbs. of huy, but his stomach
would be only purtly filled, and he would still feel hup-
gry. Iffed upon wheat straw, he must consume 132 1bs.
to give him the requisite nourishment ; a quantity too large
to be eaten in a day.
145, The usual allowance for a horse, for the 24 hours,
on the farm of the last named gentleman, consists of—
No l.—=Tlav . . ... .. .. 22 1bs.
Straw ... ... dL
Ouats . . . ... ... 74« (13gallon.)
With this ration, the teams are kept in excellent condi-
tion. ISach of the fullowing rations was found beneficial.
“The animals did their work well, and were kept in good

condition” :—
Hav . ... ... .. 11 1bs.
Straw . . ., . R
Oats . . . . .. ... Tr (1§ gal)
Mangel Wurtzel . . . 41«
Hay . .. ... .o o 11 1bs.
Straw . . ... ... Dy oee
Oats . ... ... .. 7L ¢ (1% gal)

Carrots. . . . . .-, 40 «

146. Farmers ave in the habit of attributing a stimulat.
ing property to oats, as an article of food. It is true that
they contain a very large quantity of Nitrogen principles,
packed in a small space. They are, therefore, highly
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useful where the time taken in their consumption is a
matter of consequence. 12 1bs. of good hay contain as
much nourishment as 1§ gallons (7 1bs.) of oats, but the
animal requires a far longer time to consume it, its bulk
being much greater.

For working-horses, a ration of hay and oats is gencr-
ally considered to be the most advantageous. They mav
receive, however, as part of their ration, Indian Corn, both
ear and stalk, and either in the green or in the dry state ;
when the stalk with its large lraves is properly eured, it
forms a very excellent substitute for hav. Jerusalem
Artichokes, Clarrots, Pumpkins, and Squashes arc general-
ly greedily devoured by horses. Cutting the fodder, and
giving it in a mixed state, is gradunlly hecoming more
common in this ¢ountry. The advantages derived from
the proeess are of an economical character, both as regards
the quantity of the material, and the purposes it serves as
food. The mastication of the grain is insured by mixing
it with chaff, and the meal is complcted in less time than
when the whole fodder is given. The function of diges.
tion is also mwore thoroughly effected when the food is
introduted into the stomach in a finely divided state.

The health and condition of horses, as well as of horned
cattle, are greatly influenced by the mode in which they
are stabled. The stuble or cow-louse should be dry, alry,
well ventilated, warm, and wcll drained.  Apertures for
ventilation should be made at the highest part of the build-
ing, and corresponding orifices for the admission of fresh
air, a few inches above the floor. Whenever a strong
odour of Ammonia is perceived in the inorning, upon first
entering a stable in which horses or horned cattle are con-
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fined, it is a sure sirn that the ventilation is very insuffici-
ent.  Under such circumstances, the functions of digestion
aud respiration cannot be properly performed.

117. Mircr Kive.—The influence exercised by differ-
ent kinds of dict upon horned cattle is almost incredible.
It is perfictly useless to attempt keeping good stock, with-
out due regnrd 1o fond.  Ia the long run of years, with
attention and eare, stock always pay.  We frequently hear
complaints to the contrary ; whence, however, do they
avise 7 From a complete misapprehension of the use of
stock upon a farm. It is perfvctly true, that at a distance
from markets, the sale of beef and mutton, butter and
cheese, do not remuncrate the farmer. Lt us add to these
items, MaNugg, aud see how the bulance-shect stands. A
farter who manures occasionally and sparinely, we will
suppose, has 20 acres in full wheat; he is accustomed to
reap 17 bushels to the acre 5 by gond manuring, we may
rensonably expect that he will obtain 25 bushels ; an in-
creuse on his whole erop of 160 bushels, due to manure
alone.  The value of 40 bushels will pay for labour and
time expended in the operation.  There remains a clear
profit of 120 bushels.  To brof, mutton, wool, cheese, but-
ter, milk, he must not only adid 120 bushels of wheat, but
also the improved condition of his land, before he can esti-
nute the gain or loss on a fair proportion of stock.

1183, Let us remember the principle of husbandry in-
troduced in art. ¥5., THAT NO FARM CAN CONTINUE TO YIELD
GRAIN-PRODUCING ¢LLOPS, ON A SURFACE GREATER THAN ONE-
THIRD OF ITS CULTIVATED EXTENT, FOR MANY SUCCESSIVE
YEALS, WITHOUT DIMINISHING SCALES OF PRODUCE. A farm-
cr must have a rotation of crops, in order to preserve the
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fertility of his soil. ITe must have manure, or recourse
to fallow and wheat rotution.  If the ubove principle be
once recognized, the great advantages resulting from the
preservation of a constant ratio between stock and arable
land, on an arable farm, will become casily apparent. The
severity of the climate in Canada, the mixcd system of
husbandry which uuiversally obtains in the country, and
the markets, establish the value of that ratio. It is un-
questionable, that a much Lurger amount of stock can be
kept upon a furm in the United Kingdom thun in this
country. Ixpericnce and circumstances alone can enable
the skilful farmer to determine whether the five shift, the
four shift, or three shift rotation is most remunerative,
The rotation he adopts will enable him to discover the
amount of stock he cun sustain, bearing in mind the im.
portance of having a sufflcicncy of manure for his grain-
producing crops.

119. Where the value of manure is so little known,
that barns and stables are occasionally shifted, as the most
convenient mode of getling rid of the nwuisance ; where
fields are cropped for many years, without receiving one
particle of that which is wasting ncar them, and where,
when applied, it is taken dircety from the cattle-yard,
without having undergone furmentation, in order to destroy
the sceds of noxious wecds, it will appear utterly incom-
prehensible that cattle greutly assist in improving the fer-
tility of a furm. Happily, such a wusteful and rude sys-
tem of furming practice is gradually growing less frequent
in Upper Canady, although it is unquestionable, that farm.
yard manure is almost universally applicd without proper
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preparation (art. 103), and ton frequently full of the seeds
of weeds, with their vitality unimpaired.

150. Livery thing connected with the feeding of milch
kine is of importance. 'They should receive their food
with great regularity, and he driven to water at leasttwice
in the day. Inthe winter time care should be taken to
free the water trough from ice, since, when the water is
very eold, eatile drink as little as possible ; their supply of
milk is conscquently reduced.  Water at the temperature
of that which comes from a well 23 to 30 feet in depth is
the minst favourable for enttle. A gond milk cow will, if
well {i-d with a mixed ration of hay or cut <traw, and some
roots threwn down whole before her, vield milk for 260 to
300 davs, and give on an avernga 10 to 14 pints in a day.
Cattle of all descriptions should be housed, or at least be
provided with sheds, during the winter months. A cruel
and most unprofitable systemn prevails largely in remote
townships, of permitting them to be exposed to the inclem-
ency of the weather, with an indifferent diet of straw and
what they can brawse during the whole winter. Their
mille necessarily fails, and when spring returns they are
found in such a reduced and deplorable condition, that
many weeks, and even months elapse, before they regain
their strength and habit.

151, In Professor Norton’s Tlements of Scientific Ag-
riculture, the following admirable remarks on the neeessi-
ty of giving due aitention to young and growing stock
occur.  Let us consider, first, the young and growing
animal.  What is the system ton often pursued 7 The
best hay, the best shelter, the best litter, all the grain
and roots, are bestowed upon the warking or the f'altening
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animals.  The young ones have poor shelter, conrse bog
bay and straw fodder, and little care of any description.
I the main, they are left to shift for themsclves, with poor
food, and imperfect accommodations, frequently with no
accomodation at all, unless the warm side of an old stack
of bog hay, or bleached corn-stalks, can be so called.  As
they crowd under its shelter from the wind, il cat sune
of the hay or stalks to keep from starving, the owner con-
gratulates himself on the siving of food that he is effecting.
I would ask him to conzider whether this is really the best
possible practice, and think it will unt be diflicult to show,
that every hour of this fancied gain is in reality @ positive
loss. It can be made cvident from the following facts.
The young animal is, or should be, growing rapidly ; its
muscles should be developing and increasing in size; its
bones growing aud consolidating ; its whole frame cnlarg-
ing from diy (o dav, in a rapid and alwost perceptible
manner. This is 1ot to be clleetnd by such treatment as
deseribed above.  The real necd atthis time is for remark-
ably strengthening and nutritious food 5 a food that should
contain a large proportion of Nitrogrn in some forin, so as
to increase the muscles; and of phosphates, to strengthen
and enlarge the bones.”

152, The conditions for fattening an animal are satistied
it it has repose, warmth, cleanlivess, and recular feeding
A mixed dict of dry and succulent food, such as hay wag
roots, in the winter months ; and good clover, or eacellent
pasturige, during the summer. 1t should e borne in mind,
that when a cow begius to fatten, she gradually loscs her
milk ; therefore it is important m fatlening vows to let

thetn run dry as soon as possible.
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153. Tue Carr.—TFew animals grow so rapidly as the
calf. The average duily increase until they are weaned,
is considerably over 2 1bs.  They fi-cd upon the perfection
of food—upon milk, which contains in itself all the substan-
ces required to build up the animal frame.

In 100 1bs. of a gond cow’s milk, there are found about,

87 Ibs. of water,
2 (. saline insradients, (hone.carth, &e.)
43 do. sugar of milk,
31 do. Oil and fut, (butter)
1} do. Nitrogen Principles, (curd, flesh)

When churned, the suhjoined table shows the average
proportion of uscful dairy products viclded by good milk :
Cheese w00 000 8 1bs.

Dutter. . . . ... 3 do.
Batter-milk . . . . 12 do.
Whey o o000 77 do.

100 1bs.

151. The curd is a Nitrogen Principle (caseine), disol-
ved in the water of the milk. (art. 136.)  Its solubility is
due to the presence of soda. If an acid be introduced into
the milk, it seizes upon the soda and forms a new com-
pound. The curd is insoluble in water destitute of free so-
da, it therefore immediately assumes the solid state when
an acid substance is pouved into the wilk. This operation
goes on in warm weather in the following manuner :—Milk
contains sugar, which is converted by a new arranecment
of its particles into an acid called milk acid or lactic acid.
The acid forms a union with the soda. The curd deprived



119

of soda is no longer soluble in water, it consequently se-
parates in a solid form.  The change ol milk sugar into
milk acid is effected artifically by the introduction of a
substance in a state of decomposition ; as rennet, or the
stomach of a calf. The decomposition which is going on
in the rennet communicates an impulse to the priticlesof
the milk sugar, which re-arrange themsclves under its in-
fluence, and assume the form and propertics of milk
acid.

155. When butter is about to be salted for home use or
the market, the greatest care ought to be taken in the way
of kneading and pressing, in order to free it as much as
possible from the buttermilk and curnd which it contains.
The quality of the salt empluyed, is of the utmost impor-
tance. As a general rule, Mineral salt should be avoided,
as it alwavs contains some foreign matters such as Mag-
nesia, &c., which frequently spoil or injurce the contents
of a cark.  Stronc Mavine Salt is the Lest for the purpose,
An excellent pickle is made by mixing five parts of good
Marine Salt, four parts of fine Snuar, and two parts of
Saltpetre, and incorporating the mixture thoroughly with
the butter, in the proportion of one ounce to a pound of
butter,

Many persons objret to the (lavour commnunicated to
butter, by feeding milch cows with turnips, eabbage, &c.
it may be uscful to know that the disagreeable taste thus
imparted to the prolucts of the dairy may Lo removed by
the Dilowing simple process.  © Take Saltpetre, three
ounces ; water, luke-warm, oar quart 5 dissolve and bottle
for use. Into cach ten-quart milking pail pour one wine
glassful of the solution, and milk upon it ; this will be suf-
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fisient, aud no move nitre need be added o the bultes.”—

Skilling’s Agriculture. ,

RECATITULATION.

35. The strenath-giving power of vegetubles, when con-
sumed as {ood, 1s in a great measure due to the quantity
of Nitrowren Privciples they conladi.

26. The fattening eapabilities to the proportion of soluble
principles ot containing Nitrogen 5 and of these, chiefly
to oils and fats.

37. Groeen Gxdder is more nutritiotis than when in the dry
state, on account of ils containing, in the juices of the
vevetablos of which it is composed, a larger supply of sol-
uble musculur and futtening compounds.

3%. The health and well-being of stock are greatly de-
pendent upes regular feeding and warmth during the win-
ter season.

a0, The vatue of stock upon a farm is not fo be measur-
ed by the murketable products of the dairy or slaughter-
house they vield, but Ly thuse items in conjunction with
the wanure they afford for disteibution over the arable
land.

40. Goold fed and warimth are absolutely necessary for
the proper growth and development of voung stock.



LECTURE VIIL

Fuaction of Digestion—Function of Respiration—Animal 1Teat—
Purposes served by Food—Cppasite Functions of Plants and Ani-
mals—Production of Manure—Relative Value of Animul Manures
—Recapitulation.

156. The purposes scrved by the constiluents of food
in the animal economy coustitute a subjrct of very inter-
esting inquiry, and of some praclicul value to farmers in
the management of stock. A brict view of the digestive
and respiratory processes will enable usto trace the chang.
es which take pluce in articles of foud, before they minister
to the well-being of animals. The digestive organs of the
horse and the ox differ in many respects @ the successive
steps, and the final result obtaincd, are the same in both
instanccs.

The food of the horse, afier havingbecn introduced into
the mouth, moistened with saliva, and wcll masticated, is con-
veyed into the stomach by the meat pipe or asophagus,
where it is subjected to the dissolving influence of the
gastric juice, and converted into a homogencous pulpy
mass called Cuivare. The chynie passes from the stomach
into the intestinal canal, into which two liquids—bile and
pancreatic juice—are poured from theliver and pancreas,
or sweelbread, by means of ducts terriinating in the intes-
tinal canal, about five inches from the stomach. By the
action of thesc liquids the Chyme is resolved imotwo por-
tions, named respectively the Cuvie and the Resiovuw,
The Chylc is absorbed by a nuwber of small vessels or

absorbents, which terminate in the inner coating of the
6
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intesiines 5 the rsiluum is propelled through the intestinal
caual, &nd findly civen off as cxercinents. The imbibed
chyle is ¢ -leeted in aoveeoptaele, from which it is convey-
el by a duct into the eirenlation. After having been thus
mineled with the bloo it s taken diveetly to the heart in
the fupmre forne of venous Blood 5 frean the heart it s fore.
ed throush a svstaa of arteries (o the lungs, where it
comes in contiet with the oxyeen of the sir, drawn into the
Tunes during cach inspirmion. A considerable portion of
its Carbon and Tlvdrozon comhining with the oxvgen of
air, is now given ofl in the form of carbonic acid and va-
pour of water throuch the meuth ; what remains, consti-
tuting purified blood, gors biek to the heart, to be propelled
to every portini of the buly, supplying nutriment where
it is l'cquired.

157. To ruminating wvimals we find four stomachs, all
conpectod continuously with the cullet or inecat-pipe. It
is in the last of these stormachs that the process of diges-
tion is ziwrried on. “Ihe fivst s called the paunch, and
prepares the fuod for ramination by softening it. The
food then passes into the sceond storsach, whiere itis rolled
into petlets T the purpose of being returned to the mouth
for vemastication, (the cud). Frour the mouth it is convey-
ed dircety into the thivd siomach, wheve it sullers a secoud
softening process, alier which it is propeled into the fourth
stownuchy, and thenee into e Intostinal canaly where diges-
tion is conupletod, as be fre deseribed. The time which
elapses before thond is returmwl to sufler remastication in
horned cattle is about 16 liours: very hard and coarse
dict requires aomuel loncer poviod for preparation in the
paunch and sccond stomach.
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158. In breathing, the air is taken throush the wind-
pipe and bronchial tubes into the lungs, whicl arc similay
in structure to a very fine =poge enclosed in abag.  The
sides of vast numbers of swall ¢olls of which the lungs
are compuscil, and which form the termination of the min-
ute branchings of the Lronchial tubes, consist chiefly of
blood vesscls, so that when iipure or venous blood is forced
from the heart to the lungs, it is diffused by means of the

small blood vesscls over a very large surfaee, (art. 124.)
and at the same time c¢xposcd to the air whichis contained
I
and porous, that althourh tliey are capable of retaining
liquid blood, they canuot appase the passace of oxveen and
carbonic acid.  When an inspiration t1kes place, the Inngs

Leine so thin

in the lungs, the sides of the blood v

are filled with air, a portion of its oxvien passes throush
the sides of the minute blood vessels surrounding the air
cells, and is absorbed by the blood ; one part of the absarb-
ed oxygen, uniting with the carbon and hydrogen of the
venous or impure blond, is given off azuin in the form of
carbonic acid wud water, the other portion is conveyed by
the blowl to cvery part of the system, ¢ounbining with
carbon and hydrozen in the capillaries or small tubes con-
necting arteries and veins, for the parpose deseribed in the
following article.
* 159. Whenoxvgen eomlines with carlion, or with hydro-
gen, Heatis liberated 5 it is thus that the union which takes
place in the Tongs and eapill:vies developes animal heat,
and preserves a unifori temperature of the Llood, under
all circumstances of health.

The production and maintrnance of animal heat, as far
asitis understood, involves muny interesting considerations
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with refirence o food.  The temperature of the blood in
man is very unitorm.  In a state of health and repose, it
is the same, about 939 whether tested in the cold of an
Arctic winter, or in the burning climate of the torrid zone.
Two processes appar to combine in producing this result
—respiration el perspiration. The temperature of the
blood of Lirds varics from 104 to 167 decrees 3 of serpents,
from 50 to GO drerees 1 of fishes, from 2 to 1 degrees above
that of the medium in which they live.  In all cases the
production of hieat is connected with the absorption of oxy-
gen wnd its union with the carbon and hydrogen contained
in the tissues of the bodvand the feol,

160, Tleat oxists in two states—{rce or sensible;, and
hidden or latent. Rensible heat is that amouat of tempera-
ture which can be measured by a thermoweter 3 latent heat
is that which is Intimately ussociated or conibined with the
particles of bodies fn which it resides. A ehange in form
frequently causes bodies to give out heat, or to absorb
it frony surrounding bodies s in the one caseincreasing, and
in the other cuse lll‘i‘l'l'il.\ill_‘_{' the temperatare ofthe l)(nJ_V and
surrounding air. When air is compress=cd into a small space,
it givesout a larg guantity of heat. \When cannon are bor-
ed, the horing instrument [roguently Toses its temper by the
great heatevolved,  Afblueksmith hammering cold iron for
a few sucecssive minutes can make it red-hat.  All these
fnets furnish us with iflustrations of the conversion of latcnt
ot hidden heat into free or sensible lLieat.

161 If equal quantities of ¢old water and sulphuric
acid (oil of vitrivl) be mixed together, their temperature
rises suddenly above that of boiling water.  When salt
aid snew are wixed together, the temperature ot the mix-
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ture fells thirty degrees below the freezing point. In the
former case, heat is evolved ; in the latter, it is absorbed.
THE FORMER ILLUSTRATES THE MODE IN WHICH HEAT IS
LIBERATED, WHEN, LUKING THE PROCESS OF RESPIRATION,
THE OXYGEN OF AIR COMBINES WITH THE CARBON AND HY-
DROGEN OF THE BLOOD. 'I'ME LATTER EXIINNEITS THE MAN-
NER IN WHICH HEAT IS ABSORBED FROM THE BODY, WHEN ITS
MOISTURE GOES OFF IN TIHE FORM OF INSENSIBLE PERSPIRA-
TioN. When an animal is suiliring from fever, the tem-
perature of the blood vises, becise the supernbundant
heat evolved in the lunes and capillaries is nat absorbed
by the chiance of water into the vapour of water, as dur-
ing the process of perspiration. (art. 27.)

162. It has been stated, in art. 126, that a vegetable
which does not contain anv Nitrozen Principles (Gluten
and Albumen, &c.) cannot assi®t in adding one particle of
muscle to the animal feeding upon it. We observe, how.
ever, that the food of animals contains a large proportion
of other substances, as woody fibre, starch, gum, suzar,
oils, &c. Tl chicf oflice which these ingredisnts perform
in the animal cconony, is the waintenance of animal heat,
they are burned in the lungs and smaller blaad vessels in
the same manner as fuel is consumed in a stove ; the oper-
ation in the one case is slow and constant ; in the other,
energetic and variable.

163. Ttis cvident that a large supply of Cirlim and
Hydrogen, the combustible nuterials in the tissues of the
body, woody fibre, starch, oils, &c., is vequired by tho in-
habitants of a frizid ¢limate, whrre the quantity of oxy-
gen absorbed by the blood during each inspiration is pro-
bably greater than in the temperate or torrid zones.~~



126

It is thus that we diseaver a beautiful connection between
the character of the c¢limate and the nature of the food
consnmed.  The 15 quinnux devour large quantities of
blubbcr and il substances consisting almost altogether of
Ciarbon and Hydragen. The natural heat of the body is
sustained v such dict. The luinber-men on the Ottawa
complain of the leunness of the pork raixed on the banks
of the river. The fut pork of Ohio finds a profitable
marhet for the winter consumption of men exposed to all
the =everities of a climate where the thermometer occasi-
onally falls twenty devrees below zero.

164 "The evolution of Ileat is not confined to animals.
All parts of vegetibles, exeopt the grecn-enloured parts,
(art. 30.) absorh oxyaen during the day time, which com-
bines with their Carbon and Tydrogen, and forms Carbonic
acid and other mmpoumls."i‘h(- absorption of oxveen takes
placeto the greatest extent fu the petals (leaves oftheflower),
stumens, and pistils.  Latent Ieat is made sensible when
the absorbind oxyieen combines with their Carbon, as in the
lungs and blood vessels of animals ; the temperature of
the plant necessarily rises, Iixperiment has shown that
the interior of a flower is smnetimes five and even seven
degrees above the temperature of the surrounding air ;
some hotanistx give the temperature of the flowers of cer-
tain sprcies of plants many degrees higher.

165. We niay here panse to olserve a great distinction
between the respiration of plants and animals. VEgETA-
BLES ABSORB CARLONIC ACID, AND DECOMPOSE IT IN THEIR
LUNGN—THE LEAVES, ASSIMILATING THE CARBON AXD E-
MITTING THE 0XYGEN : ANIMALS ABSORB OXYGEN, AND COM-
FOSE CARBONIC ACID AND WATER IN THLIR LUNGS, GIVING
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THEM OFF WITH EACH EXPIRATION. The wisdom and beauty
of this arrangement will be appreciated upon an examination
of the effects which would be produced upon air, were the
results of animal respiration to remain unchanged. One
cubic foot of carbouic acid In ten cubic feet of air renders
it unfit for the support of wuimal life 5 a fur less quantity is
highly prejudicial aud oppressive. Lichis estimates the
amount of Cirlon duily burned in the body of an adult
man at about 14 ounces. The quantity of Carbon con-
sumed daily by the inhabitunts of Caneda West (~00,000)
amounts at the lowest averaze to 200,000 1hs., producing
700,000 1bs. of carbonic wcid; otier breathing animals,
stock, &¢., consume about five time s as much.  Thus in
one year, by respiration alone, the cnorsus quantity of
438,000,600 lbs. of solid Curbon is converted into carbonie
acid, and given uil” into the air.

The materials which support that show internal conihus-
tion which results in aninmal heat are derived from the
Carbon and Ilydrogen contained in the tissuvs of the by,
which are replaced by the nitrozen principles of vegeta-
bles ; from the fut, which is replaced by the fat of food,
or by conversion of some of its elements into animal fat ;
lastly, from the sugar, gwn, and starch of the food.
Hence, a slow yet perpetual change of the tissues composing
the whole gnimal body is going on duringlife; those particles
which have served their purpose being burned to sustain
animal heat, the Civbon and Hydrooen they contain
is expired in the form of Curvbonie Acikl and Water by
the lungs and skin,while their Nitroren and inorganic com-
ponents are climinated Ly the kidneys, and finally given off

in the form of Urine.
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16G. The annual production of ecarbonic aeid by
the inhabitants of the world is estimated at about
154,000,000 tons, formed from 42,600,000 tons of car.
bon. If to this we addibat which is produced by the
decay of vegetable matter, and by burning bodies, we
arrive at nutnbers absolutely overwhelming,  Vegetables
feed upon this result of animal respiration ; they purify
the air of a noxious gas, whichis to them as necessary
for their growth as the oxygen they return in equal
wolunie to the earbonie acid absorbed, is essential to the
preservation and well-being of wnimals.

167. Doussinganlt instituted a series of interesting ex-
periments relative to the consumption of water and Carbon
by different animals, during the processesof perspiration and
vespiration. 11 found that a horse discharges about six
times as nuch Carben in the form of Carbonic Acid as
& man, and a cow about five times as much. He fed a
cow and a horse with a weighed quantity of food during
three days, and ascertained that the horse exhaled during
24 hours, by 1weans of pulinonary and cutaneous transpi-
ration about 12 1bs. and G oz. of water; the cow during
the same period and by the same processes cxhaled up-
wards of 721bs. When the excrements and an equal amount
of food similar to thut consumed by the animals were analyz-
ed, the result showed shat alioat five pounds of the Carbon
and half a poundof the Hydrogen of the solid food must
have been given off daily from the lungs and skin.

The produetion of Carbonic Acid during the process of
respiration may be exhibited in the following manner :—
Pour rain water on newly-burned lime, and decant the
clear liquid. The lime water thus formed contains dissolv-
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ed line ; breathe into it through a straw or tobacco pipe ;
the carbonic acid of the breath combines with the lime
and torms common chalk {carbonate ¢f lime), which
renders the vuter milk-white.  Coutinue breathing ; after
a time it will become clear ugain.  The watrr absorbs car»
bonic acid as the air from the lungs pasacs through it, but
water absorbing a certain awsunt of carbouic acid acquires
the power of dissolving chalk, or pure limestone ; licnece
the clearness of the liquid.  The presence of lime at the
bottom of many kitchen utensils arises from the heat to
which they are exposcd driving off the earbonic acid from
the water, which is thus rendered incapable of retaining
lime in solution.

1638. We arc now enabled to truce with greater accura-
ey the purposcs served by food in animals.

A ox, we will suppnse, consumes a quantity of fuod
equal in nuteitious qualities to 10 Ths. of hay, besides a
considerable quantity of water ; 40 Ibs. of hay are com-
posed of—

Water « » o v v v vw .. 4 1bs.
V\'Oul]_\' ibre. . v v« .. 12 ¢
Sugar, Gum and Starch . 1

5
Nitrogen Privciples . . . 4 ¢
1

Oilorfat . ... .. .. 1«
Saline Ingredients . . . . 2L«
40 1bs.

A portion of the water is given off in the form of per.
spired matter ; another portion together with undissolved
substances is cjected with the excrements ; the dissolved
sugar, starch, and woody fibre serve to support respiration 3
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they are eliminated from the hody in the form of carbonic
acid and vapour of watcr, by the lungs and skin. Ina
state of repose, aportinn of the starch, sugar, gum, or wooly
fibre is converted inte fat. The nitvogen principles are
employed to form additional muscle or £ sh. The com-
bustible portions of the worncuat particles of fiesh are burn-
ed in the lanes and capillavios, their nitrngen and saline
compounds are given off frain the body in the urine.
The oils and fat of the food serve two purpeses,—
Ist. That of sopporting respivation. and thereby the tem-
perature of the Hond s 2nd. That of assving the form
of animal fut. 'T'h. soline incredients replace the daily
loss which taukes place in the bones and juices of the flesh;
the rejected substances being found in the urine.

The opposite funetions of phints and animals have been
strikingly coutrasted by a wmadern French writer, in'the
following table:—

e \'x"..l:'rn:u:. [ e ANIMALL
Produces the Nitrocen prineiples, Consuraes the Nitrogen principlos.
Produces the fay substanees. Consnmes the fuy substances,
Produce~ sugar. sturch, and vune, Con- e 1y, ~treh, and gum,

Decomposes Carhonie A, Proaties s Carbonie A cid.
Vecompones Water, v Watr.

Decomposes Anunomnaen) Sults, Produces Aipmaoniacal Salts,
Disengares Ovyoen Absorbs Gayeen,

Absorhs teat and Cleetsieiy, Disengapes Heat amd Vectricity.
Is an npparitus ot reduction Is un apparatis of Oxydation,
s stationary. Is Locomwtive. :

169. It will appear, from the foregoing article, that farm-
yard manure contains all the substances required for the
nourishment of vegetubles, and many of them in such a
soluble state that they are suseeptible of eing reccived
without further preparation into their system, and there serv-
ing the purposes of food. In fuct. the only substances actu-
ally conswmned by fullgrown animals, and incapable of
being returned to the soil, are those organic clements
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which, in sustaining animal heat, arc climinated from the
1

body in the form of Carlnnic Aciland vapour of water.
It is true, that in the perspivation, small uantities of Am.

monia and Salts can be traced. but the amonnt is too insia-

nificant to be taken jnty wccount. Iivery.day experienee
tells us, that the cxporting furiner alwiracts soluble suline
and mincral incvedients from his L, o the form of
grain, hay, wool, ntter, chieraey Tead, posk, and horse-fesh,
faster than atimospheric influzners can eroate a tresh sup-
ply by the deconiponiiion of il soil T2 at the same
time conveys away the organie fuod, accwmeulated daring
the lapse of ages, which assists the cubiivated species of
vegetables to surpass in the o clopiient of thelr arzans,
kindred species growing ina wild state. Tt s evident,
therefore, that it he do not retin @ part so abstracted, in
the form of MANURY, wnl eive Trae, by o Romtion of
Crops, for the solubility of the remaining part required,
the fertility of hissoil will decrease, and dimiui-ling scales
of production will not fail to point vut his crror.

The duc preservation and application of manure is cs.
pecially required in Cunada, where the severity of the
climate compels the humane and thrifty farmer to house
and feed his eattle during many months of the winter sea-
son. The solid and fluid exercments are therefore accu-
mulated in one spot, requiring cure for their preservation
and after disposilion; a precaution with reforence tothe
fertility of pasture lands, which is ot so much needed
where cattle can remain in the ficlds night and day for
eleven months in the ycur, as in Ilolland, Belgium, and

some parts of England and lroland.
170. The quantity of fresh manure produced by the
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horse and cow is nearly double the quantity of solid food
they cousume. Thus, if a horse or cow euat 100 lbs. of
hay, the weight of the fresh manure produced will be
about 170 Ibs. This great addition is due to the water
which the animal drinks. A farmer can always estimate
the number of tons of fresh manure he will have, from the
quantity and kind of toul cunsumed by his stock.  When
animal or vegrtuble manure is allowed to remain in an
unsheltered spot, exposed to sunshine and rain, the greater
portion of the soluble and most valuable saline ingredients
are either washed out of it, or if of an organic character,
pass off"in the form of Carbonic aeid and Ammmonin. A
given quantity of farm-yard manure will have lost consid-
erably more than half its weight before it is fully rotien ;
but what remains behind will be far richer in mineral in-
gredients than the samne weight of fresh manure.

The comparative valucs of different kinds of animal ma-
nure are here introduced in a tabular form. The table
will serve to dircct the attention of the farmer to those
which are easily accessible, and yet too ofien altogether neg-
tected or very imperfectly preserved. Good farm.yard
manure is taken as the standard of comparison, and its
value represented by 100 :—

Farm-vard manure . . . .. .. 100 lbs.
Solidcowdung . . . ... . .. 125
Solid horsedung . . . . .. ... 73
Cow urine , . . . .. T ¢34
Horseurine . . .. ....... 16
Sheepdung . . . .. ... ... 36
Pigeondung. . . .. ... ... 5
I'reshbones . . . ........ 7%

[ Bonssingaulr.
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From the above table we learn that 100 lbs. of good
farm.yard manure may be expected to produce as much
effect as 125 lbs. of cow dung, 73 lbs. of horse dung,
91 Ibs. of cow urine, 16 lbs. of horsc urine, &e.

RecarrruoLatioN.

41. Digestion is the general process by which food is
eonverted into blood. The digestive organs, properly so
ealled, are the Mouth, Sulivary Glands, Stonmach, Intes.
tines, Liver, Pancreas, and the Lactea] or Clivie Mbsor.
bents.

42. Respiration is the function by which the Llood is
submitted to the oxygen of air for the purpose of chang-
ing its properties; thus adapting it to accomplish nutrition
and the production of Ilvut.

43. The respiratory organs are the Lungs, Windpipe,
Bronchia or air-tubes, and the air-cells or vesicles.

44, Animal Heat is supposed to be produced by the com-
bustion of the Carbon and Hydrogen of the nutrient Llood
in the Lungs and Capillaries.

45. The worn-out particles of the tissues, together with
a portion of the starch, gum, wooldy fibre, sugar, and oil,
or fat of the food, furnish the Carbon and IHydrogen to
herbivorous animals; their tissues, and the fat or flesh of
their food, to carnivorous animals; and their own fat and

flesh, to starving animals.

46. The Kidneys eliminate-urine from the blood, contain-
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ing the nitrogen of the worn-out particles of flesh, together
with their saline and mineral ingredients.

47. The functions of plants and animals are of an oppos-
ite description. The plant wanufactures principles, the

animal appropriatcs and consumes them.
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Parasitical Veurtables and Tnseetz—Rn 4 —Mildow—=mut—Potato
Dizease—T1- Heseian Fly—The Wheat Fiv—The Wire Worm—
The Turnip Fly—Weeds of A svienlire—Cle c—Canada Phistle
—Adaptation of the Climate of Westan Canada to Agriculture.

Panasiticar VEGETABLES anD [NsecTs.

171. Cualtivated crops in Canadaare linble to wmany dis-
eases produced by microscopic veoctalles, as well asto
the depredations of various kinds ol inscets. Awmong vea.
etable parasites, the most prevalent and destructive are
Rust, Mildew, and Sinut. The Hessian-fly, Wheat-y,
Turnip-fly, and the Wircoworm are the wost formidable
ravagers among the inscct tribes.

172, Rustis a fungus (o minute vegetable), of exceed-
ingly rapid growth, and fruitful character. It is not con-
fined to cultivated grain-producing erops. No vegetable,
indecd, is altagether free from lability to its attacks, or to
the destructive growth of other microscapic plants on their
flowers, leaves, or stems. The geuceral appearance of
Rust on wheat is dependent upon the state of the atmos.
phere. During the spring, sumimer, autumnal, and even
winter montlis, the air contains multitudes of the germs or
seeds of small microscopic plants, which are carried about
by winds, and begin to grow whenever they alight upon a
suitable soil, if the temperature and maisture of the air
be sufficient to call their vitalityv into action.  The descent
of cvery shower of rain or even snow brings down myri-
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ads of minute seeds invisible to the naked eye, which fall
upon the leaves or stalks, or pas= into the system of plants
with the water which enters at their roots. There are
many specirs of Rust, the wost cornmon and destructive
are the orange and the roid. When found to a larce extent
on wheat, they absorb the nouwri-hinent of the plants, and
frequently destroy the most prewising crops.

173. Fuougiin general absorb oxveen from the atmos.
phere instewd of Carbonic acid ; they thus ussimilate more
to animals than veygctubles.  They obtain their nourish-
ment fromthe substunces upon which they grow, aud not dis
rectly from the atmasphere orsoil. They appear to gennin-
ate underneath the skin or epidennis of the vegetables in
which they hine found a lodeoment, and as they increase
in size they protrude their heads throuyh its pores, and cven
burst and destroy the texture of the epidennis.

174. Tt has been already remarked that the continuous
Slow of the sap in vegretubles is mainly due to the pressure
of the atmosphere, causcd by the evaporation of the water
of the sap from the surfaces ot the leaves and stalks. (art.
41.) If evaporation be suppressed by any external causes
the sap ceases to flow, and accumulates by capillary attrac-
tion and the operation of Dilfusion in the vessels of the
plant. Air, it will be remembered, can only contain a
certain quantity of moisture, dependent upon its tempera-
ture. (art. 14.) When there isbut little difference between
the warmth of the air in the day and night times, as in
damp sultry weather in June, July, and August, the air
remains for some hours saturated with moisture, evaporation
ceases as long as the state of saturation continues, and the
temperature favours the germination and growth of the
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seeds of Rust and Mildew. Rust is most frequent upon
rank and luxuriant erops, as might be expected from their
great evaporating surface.

175.  Since the prevalence of Rust is dependent upon
the condition of the utmosphere and the more or less lux-
uriant growth of the vegetable, the uttcution of the furmer
must be directed to two circumstances in order to lessen
the effects liable to be producid by these destructive fungi.
Ist. To the period of the sens-: in which the occurrence
of damp and sultry weather is to be lnvked for.  2nd. To
the habit of the plant. If Rust strike the plant before the
seed begins to form, the most disastrous efficts may e
produced : if aficr the seed has been formed, yet before
it is ripe, litile apprehension need he entertained for the
safety of the crop. Now, experience shows that in the
climate of Canada, the condition of the atmosphere as re-
gards saturation with moisture concurrently with a high
tempcerature, is very scldom such as to favour the germin-
ation of the sced of Rust before the last week in June ;
ify therefore, at that period, the wheat plant is so far ad.
vanced as to b bevond the influence of Rust upon the
formation of the grain, the danger is provided for.

176. The precautions to be tuken agninst Rust happily
oconstitute a necessary step ia good husbandry—they are
DRAINING, LIMING, and the selection of carly varieties of
wheat ; both of the mechanical operations accelerate the
growth and ripening of the vegetable and increase the
strength of the straw, besides reducing the eviporating
surface of the leaf. There is no question that by a judi.
cious tntroduction of these avtifices, the destructive cilvcts
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of Rust on wheat would be very much diminished, if not
in many seasons entirely prevented.

177. MiLpEW is occasioned by various microscopic fungi,
which attack many kinds of vegetables under circomstan-
ces favourable for their production. Numerous species are
known to infist wrain-producing crops : the stalks of wheat
seen to be peeuliavly liable to suffer from the depreda-
tions of these minute vegetables.  They do not appear to
require so high a temperature for their germination as the
seeds of rust. In damp situations mildew may always be
seen on wheat, and at a very carly period of the year,
whercus Rust rarcly makes its appearance until very
moist aud sultry weather oceurs.  Mildew, in Canada, does
not preduce such disastrous conscquences as in England.
This result is probally due to the very rapid growth of vege-
tables during our hot suminers.  Nuture herself has pro.
vided a very eflvetual remcdy against the germination of
the sceds of mililew, which are constantly floating about
the atmosphere and driven to and fro by winds.

178. The stalks and leaves of many healthy plants are
provided with a coating of vegetable wax, which prevents
rain from wetting their surfaces. We discover this wax
(bloom) on peaches, grapes, plums, the stalks of wheat,
oats, rye, on the leaves of the nasturtium, &e.  As long
as the wax remains there is little danger of Mildew, but
in moist weather, with a loaded atmosphere, or under other
circumstances unfavourable to the production of a healthy
plant, wax is not formed. The disappcarance of the wax
is almost always accompanied by the appcarance of Mil-
dew. Like the seeds of Rust, those of Mildew may either
enter the system of vegctables Ly the roots or enter the
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pores of the stem, when, in the ahsence of the protective
covering of wax, rains or dews are enabled to wet their
exterior surfices. It will be observed, that on healthy
plants the dew is found in the morning in pearly drops,
either upon the surface of the leaf or ronnd about its edcs.
But dew is deposited cqually uyon every portion of the
npper surface of a leaf on cloudless nights 3 it cannot,
however, absolutely wet the Jeuves of healthy plants on
account of the delicate covering of” vecetable wax.  The
small particles of inoisture attvact cacl other and form a
drop.  When the leaf or stulk is wetted all over, the form.
ation of wax has not recontly taken plice, and the plant
fs then liable to be struck with Mildew. “Theonly precau-
tions which can be adopted in order to aveid the attacks of
these fungi appear to consist in the production of a healthy
plant. ‘The remedy for Rust, Timing and draining—oflers
the only hopeful means to the Canadian farmer.

179. Sarr.—Smut presents us with another form in
which minute parasitical plants prey upon vegetahles of
larger growth. It is usuallv found to affect grains of
wheat.  There are two varieties of this noxious fungus.
One not discoverable until the husk is opencd, when it ap-
pears in the form of a black powder, having a very disa-
grecable and charaeteristic smell. The other variety
shows itsclf” on the outside of the grain.  Farmers possess
a remedy for both, which consists in stecping the seed in
some liquid which will destroy the vegetative powers of
the fungal seeds.  These seeds are so minute, that a grain
of smutty wheat will infict the contents of a bushel ; and
wheat placed in bags which have at one time held smutty
wheat will certainly be infected. The Dbest sample for
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seed should always be steeped before sowing. Varjbus
liquids are seleeted for that purpose—stale urine, brine,
and blue vitriol dissolved in water. The last is perhaps
the best. Five pounds of blue vitriol (sulphate of copper)
are dissolved in ten gallons of boiling water.  When the
solution ¢ools, three bushels of wheat may soak in it for
six hours, the light floating grains being skimmed off.  The
wheat should then be drained through taskets or sieves,
and dricd by being valled in gypsum or lime. The same
solution of blue vitriol will serve to steep twenty bushels
of wheat, aud ellectundly provide aguinst the appeurance
of smut, except in preuliar situations and in seasons dis-
tinguished by an unusual fall of rain.

1=0. Potato Disease.—T'he uuniversal prevalence of
this malady seeins to implv the existence of a universal
agent in producing it.  T'he results of the investigations
of many chemists, agriculiurists, and botanists point to-
wards one primary cause, which is to be found in the state
of the atmosphere. There is still much to be learned res-
pecting the processes of vegetable life, vet from what is
already known, the potato discase appears to be occasioned
by a temporary incapacity of the atmosphere when loaded
with oisture, to receive the water of evaporation from
the leaves. Axin the case of Ruston wheat, the vessels of
the potato plant are then filll with stagnant sap, which
rapidly loses its vitality, and affords a suitable soil for the
growth of fungi taken into its system by the water enter-
ing at the roots.  Discased potatocs, although the root may
appear to be perfectly sound on the outside, have fr equently
when cut open exhibited a cavity filled with minute veges
table forms.  The discase is greatly accelerated by small
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far-famed Aphis Vastator, &c.

181. Al! root crops are subject to the same disease as
the potato, and there is 1o reason to suppose that the mal-
ady is of recent origin,  Iis existener his been noticed as

“long as the potato his been used as an article of food. A
cure, founded upon the principle of reducing the evaporat-
ing surface of the leaves, bas been adopted in Germany
with success. It consists in mowing off the top leaves
when the plant has attained the heicht of seven or eight
inches, and repeating the operation every five weeks, until
the tubers ripen.

Two methods of arresting the prosvess of the discase are
given in Steplien’s Farmers” Guilde, as having been intro-
duced in 1419, with prowise of success. « The first was
sugoested by Mr. David Martin, Muirhead of LY, near
Dandre, who reenmnendsthe seed potato to be cut length-
wavs, not across, that smne of the eyes in the rose end
may be in every set; that the drills be fully one yard
wide, to allow of the future eulture being couducted in the
best manncr ; that, as soon as potatoes are fored, the
shaws or steins should be bent down over one side of the
drill, and the carth brought over the shaws on the other
side, as high as uatil the drill is like the ronf of a house
with the shuws growing out of one side of it; that when
the shaws are in this position the rain is not conducted to
the potato, but to the botton of the drill. The Belgian
plan was suggested by a farmer, M. Tombelle Lomba, of
Namur, and it consists in cutting off the stems as ncar the
ground as possible after the flowering isover, with a sharp
instrument such as a sickle, so as not to disturb in the
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least the potatoes in their bed, and then to cover up the
incised stumps of the stems with at least half an inch thick
of carth to prrhaps two inches thick.”

t

122, Tur Hessiaxy Fov.—{(Ceceidomyia Destructor.)—
The ITessian [y e rives its name from the manner in which
it was supposed to have been intvodaced uto this Continent.
Popular opinion wscribed its introdnction to the straw
brought over by the [essian troops in the year 1776.
The fly appears in the fall 5 the f0:de then lays her cags,
fromn one to cight in nwnber, between the leat” and stalk of
the wheat plant, fmmcdiately above the first joint.  The
worms ecat into the stem, and frequently cause it to break,
They winter in the torpid state, and subsist during the
spring mouths upon the sap of the plant.  They then pass
into the «hrysalis state, and in autumn assume the formof
the fly.  Some observers suppose that the egos are laid In
the full, hatchied in 4 or 6sdays, and the voung grubs
crawling down to the foot of the leaf, subsist upon the
juices of the plant until th-y arrive at their fuall size in
about 35 days. They then assume the chrysalis state and
thus pass the winter, taking the form of the flyv in the
spring. . The new brood soon Tay their eges on the grow.
ing wheat, and appear in the chrysalis form in July ; as
such they are found by the faymers in larvest time.

2 e scems to be well establishied that a strong wheat
plant will support, without muterial injury to itself, the
growth of two or three worms, while a weak and sickly
plant would fuil under the increased tax upon its encraies,

It is the frequent custom where the flessian fly prevails to
grow wheat after wheat. In ploushing the stubble into

the ground, and then by a sceund ploughing preparing it
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for the seed, the chrysalis is first buried, and afterwards
turned up to the susface, or sufliciently near the surface as
to permit the ins-ct to assume the fly state during the
growth of the next crop of fall wheat. 'I'he liniles deposit
their eggs upon the leaves of the voung plants, which,
growing upon a soil exhausted by many succeeding crops,
cannot sustain the assaults of the newly.hintched worms,
If a proper system of rotation of crops were introduced
upon a furm where the [lessinn (ly prevails, the act of
ploughing very carly in the autumn, and allowing the land
to remain in the rourh state until the spring operations for
green crops commrnced, would bury the chrysalis for a
length of time, and effectually destroy it. Burning the
stubble is also found advinticeons in checking the ravag-
es of this inscet: the chrysalis being lodged innnediately
above the first joint, is consumcd by the fire passing over
the field.

134, Toe Waeat Iryv.—(Cecidomyia  Tritici.)—A
small orange-colourcd fly, which lays its egzs in the ear
of wheat during the lust week of Juue or the first week of
Julv. The czgs are hatched in six or seven duys ; the
insect cxisfs in the worm state fur about three weceks, feod
ing upon the pollen and the milky substance of the grain ;
it then buries itself in the carth, and assunes the form of
a minute chrysalis, after which it passes into that of the
fly during the fullowing suinmer.

The great object of the farmer in providing against the
depredations of the wheat-fly, is to have his wheat so far
advanced, that when the fly appears and lays its cggs, the
newly-hatched worms may not be able to penetrate the
husk.  The means which suggest themsclves for cffect-
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ine so desirable a result are to favour the early maturity
of the plant by liming, draining, and a careful selection
of seed.

135, Wige-Wory.—(Elator Striatus.)—The grub of
a beetle, which may be secn in localities where the wire-
worm abounds, on the leaves of wheat, &c.  The bectle
folds its legs on the approach of an cnemy, and falls to the
gronnd.  The wire.worm feeds on the under-ground stems
of youns plants, wnl frequently destrovs them. Duck-
wheat is highly recommended as destructive to the wire-
worm. A c¢/ean summer fallow is also instrumental in
starving them out. It is very probable that the ammonia-
el liquor ol the gas works would be found a very useful
ageat in destroying these pests.

156, Trexie-Fry.—(Haltica Nemoram.)—This inscet
(beetle) is one of the most formidable encemies to the turnip
crop. It appeirs and continues during the whole of spring
and summer. Dancer is only to be apprehended in the
carly stages of the turnip’s growth, before the third and
fourth leaves have been developed. Every endeavour
shonld Le made to foree on the vounes plants by means of
manure.  "The liquid portion of stuble manure is most
favourable to theiv rapid growth,  To drive away the fly,
many farmers sprinkle their young turnip crops with soot ;
urine and the winmoniacal liguor of the gas works would
be found equally eflicient in preserving the plant from its
depredations. The turnip-fly is scldom seen during the
day time ; it then oecapies the under surface of the leaf.
When the sun has set, the fly may be found in abundance
on the upper surface.  The sense of smell of this beetleis
remarkably acute ; it can discern the odour of the turnip,
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its favourite food, at great distunces. Ilence the rea-
son why the odour of ammonia, the characteristic odour
of soot, urine, and the ammoniacal liquor of the gas works,
Is so repugnant to the d.licate sense of smell possessc
by this minute an!t destructive beetle,

VEEDS oF AGRICULTURE.

187. Cuess.—(Bromus Sccalinus.)—The appearance
of this comm n and troubles>yu: weed is the source of
more dispute than any subject which comes within the
province of the agriculturist to investizate.  The most
erroncous impressions respecting its origiu prevail among
farmers throughout the whole of Cunadu and the neich-
bouring Statrs.  Popular opinion aseribes to what Is
termed diseascd wheat, or winter—killed wheat, the pro-
perty of transmutation into chess; and this opinion is
promulgated and sustained in the most positive manner,
upon the deceptive and erring evidence of individual
observation, without the slichtest reference to the botani-
cal distinctions which mark wheat and chess.

133. Chess is a very hardy and fruitful kind of grass,
called in Britian the soft brome grass. 1lts seeds possess
the power of lying dormant in the soil for many years
without losing their vitality.  There are many modes
of accounting for the presence of this weed among
wheat and othier crops. It is sown with the wheat, or its
seeds, lying dormant in the scil, have their vitality called

into action when the soil is ploughed up and exposed to
7
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light, air, and wareh, or it is conveved by floods, or
carried by winds, or carted ou to the soil with manure.
1=5. The reason why chess surplants wheat, and grows
with Tuxurianee, is to Le fiand in Lad culiivation. On
vndrained soils, and capecially on those parts where water
13 pormitted ) ledge, the wheat plunt is winter=killed or
v a mwere hardy vegetable than

tirown out 3 clhoss, hei

wWhoat, survives the winter, und prosduces a most al-undant
crop of sevd. Cood surfuce Jraiving, the use of clean
secdand a votation of erops, will soon extirpate chess,
and efftctvally remove tie diepre-sion of an imaginary
transmutation.  We aniglht, with as much reason, suppose
that the oak wus capable of chanring into the pine, the
pine iuto the hiveh, the beeeh and aple ioto the poplar,
the grass of the prairies into the white elover.  All these
apparent (ransnutations do tuke placee, hut the reason is to
be funnd in the death of one kind of vegctable preparing
the soil for, or prrmitting the growth of those veuctalles
whose sceds are Iving dersont in the soil.

190.  Cavary Twistee.—-(Cnicus  arvensis.)
Throughout th fenith aud breadth of Canada this weed
ruy be met with in the greatest abundance.  During the
vear 1SH certainly pol less ilin onc-cighth of the wheat
crop of the country was * thrust out of life” by the
Canuda thistde. No one travelling in the “months of July
and August on the shores of Like Ontario, from Collorne
to Pickering, could have fuiled to observe here and there
a ficld of wheat almost fice from thie presenee of this nox.
ious weed, and yet surrounded Ly wheat fields on nefghe
bouring furus purple with their blessoms, presenting a
foreible illustration of the good effcet of careful farming.
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The only sure “ecure” for Canada thistle is a rotation of
crops, in which clover firms a prominent element @ two
years of a good clover lew witl destroy th Carnaly thistle
roof and branch.  Iloprited mowine, or o spudding, is alse
effectunl in destroving this very troublesome weed ; prerhings
the Initer operition is the safiate The stallis of the weed
should be cut winut one inch bilow the surfice of the soil,
and the operation repeated whenever the voing leaves
appear abuve the surfuce.  The vepoated logs of its laves
will kill the plant, destroving at the same thne the whole
of dts fruitful rvoot, which the aperation of plonghing
serves only to divide mito nmubers of sets, [rom which new
plants arise in process of tine,

191. Many other wesds call for the care sl persever-
ance of the furmer in theiv destruction, snch as Dlood.root,
wild Camomile, Thorn-apple, Shepherd's e, Burrs, &e.
—none, huwever, appear to provail so wenerally as Chess
and the Cinicla thisile. Many of these weods are of Eu-
topean origiu, and it has heen remarked by Dy Diade Owen,
the state geologist of {ndliang, that when such forcigners
are first naturalized they over-ran the country with amaz-
ing rapidity, and are quite a nuisance. But they soon
grow scarce, and after civht or ton years ean hardly be
met with. It is to be regretted that the same disposition
to die out ducs not scem to belong to the fercign woeeds
which have been iutroduced into Cannda. Their rapid
increase and distribution avir the frms of the country is
a very serious c¢vil.  INourishment, which in their absence
would find its way into furming produce, feeds them into a
luxuriant and fruitfal habit, which at once suppresses the
growth, diminishes the yield, and impairs tie sample of
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tiwse vegetables I whose benefit all the artifices of hus.
bandry are cxpressly practiced.  The use of clean seed,
tie practice of clean cultivation, of draining, and of rota-
tion of crops, can aloue eradicate (hose hurtful veoetubles,
which, from pust nealict, seem now to be snceessfully
strugeling 1o ovin exclusive possession of many fertile
tracts of” country,

ADAPTATION oF Tk CLIATE oF \VEiTERN CaNADA

T0 AGRICULTURE.

182, The Climate of Westorn Canada posscsses many
peeuliarities due to the geographical position of the Coun-
try wnnng the Great Lakes, which sceure to it adaptations
to the purposes of hushandry superior to those cnjoved by
the Lastern or Western Suutes of the neizhbouring re-
public.

The most important points in which the climate of
Western Canada ditlirs from those of the United States
which lie north of the fortyv-first parallel of latitude, may
be hricfly enumerated as fullow :

Ist. In milduess, as exhibited by comparatively high
winter and low sumier temperatures, and in the absence
of great extremes of trmperature.

~ud. In adaptation to the growth of certain cercals and
forage crops.

3rd. In the uniformity of the distribution of rain over
the agricultural months.

4th. In the humidity of the atinosphere, which, although
considcrably less than that of a truly maratime climate,
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is greater than that of localities situated at a distance from
the Lalcs.

5th. In comparative immunity from spring frosts and
summer droughts.

6th. Tn a very favourable distribution of clear and
cloudy days for the purposes of agriculture ; and in the
distribution of rain over wmany days.

7th. In its sulubrity.

193. The points in which the climate of Western Canada
differs fuvourably frov that of Great Dritain and [reland,
are—

Ist. In high summer meaas of temperature.

2nd. In its comparative uryvness.

3rd. In the screnity of the sky.

194. The difference hetween the mean stimner and mean
winter temperatures of various loculitics is given in the
subjoined table, and is well worthy of attention for the
purpose of illustrating the mildness of the climate of
Western Canada, when compared with the excessive ¢li.
mates of the Western Stutes :—

Dtlerenee between the

Latitude. Summer and Winter Menns
of Tomperature,
° o

43.39 Toronto, . . . . L. 3% 0n

41.30 Muocatine, fowa, . o ., 4500

41 .95 Fort Anns=trone, Hlinols, . . 4905

43 3 ["ort Crawlord, Wiseonsin, . 50,59
41.45 Coniell Blulls, Misscurt

Trrritory, 0 0L 5154

44,53 Fort Snellig, Minnesota, S6.60

The characteristics of the climates of the Western
States are—
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1st. Intense winter cold.

9nd. Intense summer heat.

3rd. A rapid change from hizh to low temperatures.

Hth. A comparatively cloudless -ky.

Gth. The disiribution of rain over a very few days ; and
sulden, violent, and destractive in iis precipitation.

Tthe A wreat and swblen range in the degree of hu-

midity of the atmosplere.

195. The distribution of Heat and Lizht over the agri-
cuttneal months, ineonjunction with a humid atmosphere
and wn equable distribution of rain, determines the adapta-
ton ol a Climuate to the purpases of agriculture. A serene
sky in the swmmer onths is not only accompanied by
increase of tanperature during the day time, but also by
a corresponding inerease in the intensity of light.  The
vicorous and rapid growth of vegetables in Western Can-
ada is due to the serenity of the summer sky and the
uniform distribution of rain over the agricultural months.
The cilict, however, of too great serenity of the sky is
detrimental to agriculture. In Towa, Wiseonsin, and the
Western States generally, the extraordinary duration of
the clearness of sunner skies, and the unequal distribu-
tion of rain over the months of the vear, render the
cultivation of wheat, the grasses, #nd the root crops far
more hazirdous than in Western Canada.  The mean
annual

Number of cliar davs, on the Lakesis about . . . 120
e ¢« remote from the Liakes ¢« . .. 2

Number of cloudy duys on the Liakesis about . . 140
“ o remote from theliakes « . . 175
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106. The ripening of fruits is dependent upon high
summer® temperatures, which are neccessarily the chief
causes of the geographical distribution of plants over the
surface of the earth. They influcnce to a very great
extent the agriculture of any particular countrv. The
yellow horse chetnut disappears on the Atlantic coast in
Jatitude 36°, while it is found west of the Alleghanies in
latitude 42°. o with the black walnut, which, on the
Atlantic coast ccuses to grow in latitude £1°, yet is found
west of the Alleghanies, in the lake country, as fur as
latitade 415, The (inada shore of Lieke Lirie abounds
in magnificent specimens of this valuable tree. Numer-
ous individuals may be met with in the wonods which mea-
sure upwards of five feet in dimmeter.

197. Innearly cvery part of Encland and ircland the
mean annual temperature varics from two to five degrecs
above themean at Turonto. Thewean summer temperature
is four or five degrecs Jower than at the last-mentioned
place. Hence, Indian eorn will rarcly ripen, or melons,
squishes, and pumpkins grow to any size in the open air
in the British Isles, while every one knows that these veg-
etables attain remarkable dimensions fn Western Canada,
squashes having being grown in the vicinity of Toronto

“which have attained the enorinous weight of 260 lbs. The
high latitude and msular position of the islands, favouring
a cloudy sky, diminish the intensity of solar light and heat,
although other circunmstances concur to elevaie the mean
annual temperature far above that of the Province. The
mean summer temperature of 57.2° appears to be the
minimum requisite for the successful caltivation of wheat.
Jhe nean summer temperainre at Toronto is 61.51°;
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but il the means of the whole Province were taken, the sum-
.

rrer temperature would rrobably be found to reach 669,

195, T the cast and west of the Lukes, (especially in
the latter dircetion,) bizh summer means of temperature
are invariably associated with low winter means ; in other
words, seeat, and ofien injurious extrenes of temperature
occur, particuliuly in the Western States.  The approach
ot sprivg is conscquentiy rapid and dangerous, the lability
to spring frosts being inereased alimest in the ratio of the
suddenness of the transition. It is thus that the compara-
tively gradual approach of Spring in the Canadian Penin-
sula, is a great advantage to the husbandry of the country.
High maximum ineans of temperature at that scason of
the year, with low minimum means, are treacherous, and
often, indeed, ruinous to the agriculturist. Their infln.
ence on health is also very detrimental. Compare Toron-
to with Muscatine, lowa, to the west of the Lakes, in these
respects.

Toronto. Muscatine.
™ ~ A N
March, | Avpril Mareh. April.
IMcun. Min. | Mean:Min.| Mean. | Min. || Mean. | Min.
o o < < Q o < o
1R.05, {3508 66 (1213 155 403 8. } 55.1 16.
ISL6, (2625 | S4 06 | 93] 10l 20, 527 ) 23
1519, [33.24 |15.1 ‘.;s TS5 373 10. 413 ’ 22
I
Mean, |31 l 50.7 1 22

ITence, April, with a mean temperature at Muscatine
of H50~7, suilicivat to force on vegetation, suffers oceasional
mean weninaen temperatures of ten degrees below the freez.
inz point; whereas the mean April temperature at Toron-
to is nearly 11 below that of Muscatine, and effec-
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arising from killing frosts is greatly diminished.

199. The dixvibution of rain over the Agricultural
months is remarkably uniform; the average monthly fall
from April to Novewber is ubout 3.2 inclies. The order

of the months in relation to the Gl of rain, eommencing
with the minimum, Is April, May, June, October, Novem-
ber, Augnst, July, and S~ptember. The averaze [ull in
April being 2.5 inclies, and in Soptember & inches. Feb-
ruary is the most snowy month, the avernge fall being
27 inches, while that of the year is whout 57 inches,  In
Sepiember, the most rainy mionti, we dizcover an aldmira-
ble adaptation to the growih of cortabin varictiosnf rant craps,
the mean maximuny tewperature being 83,197, and the
mean tewperature 57.11°. The greatestditierence which

has occurred duving the last ten years in the yearly rain-
full a¢ Toronto amoanis to 21 inches 3 at Museatine, Towa,
it has excecded 25 inches. The nmuctimum ditference in

sumiier rain-fall is 11.325 inches at Toronto 5 at Musea-
tine 1t has been 19.8 inches.

200. The suddennsss aud coplousness with which rain
falls in districts to the West of the Lakes is remarkable,
and oceasionally proves very Jestructive to the standing
crops. The moan number of rainy and snowy days is,

In the Lake Country, - .+ .+ 120
Demoie from the Lnkes, o 0 o 90

=0

The averaze for all England . . 152
201. The importance of a moderately humil atmas.
phere, eonsidered in velution to Agriculture, can scarcely

be estimated too highly. The most interesting, and per-



haps the wast advantegeous form in which atmaspheric
humidity exhibits itself, is that of Dew. (art. 27.)

« \Vliwn wo cross the M0 -dssippl, and advanee into the
W est, evory inile earrles us [arther [rom that liumid south-
west wind which has traversod, or started from the surfiuce
of the Gult of Mexico—and, of conrs~, the quantity of
rain sullirs divainution—uvo- enter aregion which becomes
drycr and dryer, the further it is penctrated 3 and bevond
the buondred and second weridian, as D, Gregg has in-
formed me, searecly ever relreshed by ceening anid morning
dews.” At Hudeon, Ohio, thity miles southof Lalke Erie,
Professer Toonis fund the eomplament of the drw point
for two vears to be 210 deg. ; while at "Poronto it is
about 525 der—dilrence 2055 deg. in fuvour of Tud-
son (in relation to driness ), which is what mizht have
bren expeeted fron their relations to the Lakes.”—Drake.

202 I we supiose at only one=thirtieth of an inch
of dew is formed in one night, and that that small guan-
tity represents the average deposition duving one hundred
nichts, we shall still have upwards of 300 tons of water
precipitded on every acre of grass land by the agency of
dew alone. This quantity probably fills far short of the
real precipitation.  On every acre of the sandy heaths
of England fall amnuadly from 2,000 o 4,000 tons of rain,
and about 500 tons of dew.” (art. 27.)

203, The destruction of lurests secins to have a marked
effect upon swunps, springs, and runoning streums, In all
piots of the country neglecnsd saw mills mav be seen,
having been abavdoned by their proprictors, owing to the
“want of water.” Tt is a constant und increasing com-
plaint that springs and sl rivers are drving ub, and



155

'

consequently that the supply of water in mill crecks is year
by year diminishing. This deerease niay rcasonubly be
mseribed to the destruciicn of frosts, whereby cxtensive
swamps arc exposcd to solar radiution, and that supply of
moisture arrcst=d which they were accustomed to receive
during the sumuwer months, from the coudensation of the
aqueous vapour of the atmosphere by the leaves of the
trees overshadowing them.  The frequeney of extensive
swamps is one acknowledged cause of the production of
early spring frosts ; it js evident, that with the procress of
the settlement of forest-covercd tracts, spring frosts will gra-
dually exert less influcnce in producing one of the most
objectional features in the climate of this country.  (Fur-
ther information on this subject may bLe found in a
Pumpblet, recently published Ly the Author, containing
« A comparative View of the Climate of Western Cana-
da, considered iu relation to its influence upon Agri-

culture.”)






APPENDIX.

Axroxia, CansoN—In article 34, &e. T have not thought
it advisable to advert to the mode in which Ammonia is
produced in the Soil, or in what form of combination it
may enter into the system of plants. Dy so doing, I
should have greatly increased the difficulty of presenting
a popular view of the Science of Agriculture to thos> who
are supposcd to be altooctiicr unacquainted with Cheinis.
try. It may, however, be well here to remark that Ni-
trogen and Carbon probably enter into vegetables in various
forms of combination, susceptible however, of producing
upon further decomposition Clurbonic Acid aud Ammonia.
The views of Miilder on this subject arc highly interesting
and are thus explained hy Dr. Promberg :—

“ In whatever way the decay of the organic substances
present in the soil b conceived—the main produets being
humie, ulmie, and crenic acids—there will always be a
large excess of hydrogen, which, being in the nascent
state, has all its properties unweakened, It is, morcover,
sct free amidst a decaying and porous organic substance,
with a limited access of air, and at a low temperature—
conditions essential to cftect the production of ammonia,
and to prevent that of nitric acid, which latter substance
iscommonly found in the heat ofthe tropical regions,  The
decuying organic matter dets [ree carbon, hydrozen, Hxy-
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gen, and a litle nitrogen.  The carbon, obeying its strong-
est tendency in this condition, forms carbonic acid, in so
far as it ean find oxveen enouch present in the air, which
is contimnally circututing through the porous soil. 'The
small reiainder of carhion, if a sutliciency of oxyecn cannot
be procured, will combine with part of the hydrogen ; and
hence the quantity of carburetted hydroven in marshy
places and stagnant waters. The remainder of the hy-
drogen takes the nitrosen, simultaneously liberated from
the plant, and also from its intimate mixture with the ni-
trogen in the atmospheric air ; and thus ammonia is form-
ed. This ammonia, the cxtraordinary athuity of which
for humie, ulmic, and crenic acidsis very well known,
combines immediately with part of the decaying substan-
ces, when «till in a state of humus, either extracting or
producing humic and ulmic wcids, with which it forms hu-
mate and ulmate of amimonia, so extremely =oluble in water,
and fit fur progressive decomposition within the cellular
tissuc of the plants.  Now it is evident from this, that, as
the said production of humic acid is going on gradually,
there are only small quantities present at the same time
in the soil, that which is formed being instantly taken
up by the roots. There is a continual formation and ab-
sorption of it ; and thus, though the liquid is alwayvs cold
and weak, and so adapted to the tender extremities of the
roots, it is constanily present, and so a suflicient and nour-
ishing supply is present whenever required. The beauti-
ful conneclion which this theory constitutes between the
production and use of ammonia and the humic acid in
the soil is cvident, and certainly not the lcast of the ad.
vantages of the theory itsclf. It agrees remarkably well
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with the great rule of nature, that there is a close relation
of causation between any two products whase presence is
necessary to cach othier.  The experinent of Mikder,
showing the luxwiimnce of plants avown fn a nixture of
charcod, ashes, aud ubnie actid, superior to those crown in
mere charcoal and ashes, and, ai the same time, the lar-
ger quantity of wmimonia produced and wsshnilated by the
former, apparently trnds o solve two problems at onee.”

Rotatiox oF C:tia—The general principles npon
which every separate rotation should be arranged, what-
ever may be the naturc of the soil on which it is under-
taken, after the land has been firt—as o primorvy consids
eration—completely drained and hrought into a stute of
perfvct elearness, shoull cinlracs the fllowing rules :—
1. To avoid the immedinde sneeession of similar crops
and to

—particalaely il they be of an exhiusting nature
throw their return as e distant from cach other as eir-
cumsiunees will adinit.

9. To grow alteruate evops of arliiicinl grass and riofs,
if the nature of the soil permit, in cach year between the
grain crops.

3. On soils which admit of alternate eniture, to prefer
those green crops which atlord the largest prospect of food
for live-stock, and which allow of the horse-hocing hus-
bandry for cleansing the land 5 and,—

4. On heavy soils, or land of any kind which requires
rest from eropping ; never to lay it down (o grass until it
is alean of weeds.—[ Dritish Hushandry.

A few of the rotalions common in some parts of Lng-
land and Scotland are subjoined, with a view to cxhibit the
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importance attaclied to this interesting department of farm.
ing practice.

¢ The following 4-course rofation is very common in
England.  One-fourth of the arable land is in fallow—that
term, in all the rotations, impiving the period whon the
manure is applicd—one-half in corn, and one-fourth in
grass i—

.. . 10 ..

) B
Peans, o . . . 350

| Bove fdlew, .0 25 L

Seeond year ? ¢ Winter wheat, . 73 .,
whent and 1 Dpring wheat, o 20

{Potatoes, . . . 10 acres.
Y
1

TFirst year ] 125 acres
fallow, ’

larley,  § { Barley, . . . . 30
. o MMay,. . . . . 23
Third year %.1;':; gC]\,;v,cr, S
grass, (; ¢ Pasture, . . . 80

T'ourth year ?
wheat and -1
oal,

S\Vhwt.. [ 25 B
él’x-ulo;ats,. .. 30

25

HOU 500

Wheat is a commnon crep after elover in Bacland, rare
in Scotland.  The bLeans arc manuared in drills.  The
potitors are manured, as also the tares. The turnips are
well manured.  One-Tourth of the land requiring manure
every year, and hall of it under corn, the farm cannot
provide the manure required, =0 some must be pur-
chased.”

“ A B-course rotation is vers general at a distance from
towns. It puts one-fifth of the lund in fullow ; two-fifths
under grain ; and two-fifihs in grass, ane and two vears
old. This is, however, just the 4-course Totation immedi.
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ately above, with the grass member extended to two
years :—

. Potatarz, . . . 10 acres.
Tirst year, ? . e ’

fallow, S 100 acres, - ,l,'m'\-’ . 1]
. U'ornips, . . . &0
Second year, ? - Winter wheat, . 20
wheat and S 100 ... Spring \\'lu::ll, LB
barle Barle P 11
Third );"11 S Hay, - ’ -
race ¢ 100 Clover, . . . . 15
BT ' Pasture, . . . 63
Fou,:jil,]ls{ear’ % 100 . Pasture, . 0 . 100
Fifih vear, 100 § Potato onts, . . GO
vals, § ¢ Common oats, . 40
Huo 500

The potatoes, tares, and turnips are all manured, which
it is now quite possible to be done by the assistance of
bone-dust and guana to the turnip crop.  There is no ne-
cessity for a bare fullow, the soil heing better occupied
with w green crop. When the Tand is somewhat strong,
a few beans with manure may be substituted for a like
extent of turnips.  The hay might be confined to the wants
of the farm, and the cutting clover extended in the same
proportion, or it might be thrown into the pasture of the
first year.  Some of the lea on the last year might be rag-
fullowed, and wheat taken instead of oats.  T'he S-course
rotation is a profitable one at a distanee from towns. [t
might be modified into a G—course rotation by extending
the sccond years” pasture into the third year. This last
cours: is a good onc for the mixed husbandry, as it affords
plenty of pasture for the young stock, and the oats yield
very abundantly after a threc years’ lea.”—[Stephens’s
Farmers Guide.
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ERRATA.

Tage 2, Line 6, for enables, read enable.

Paue 16, Line 12, for rivers. read rivers,.

Piee . Line 5, for varies, read vary.

Pige =3, Line 20, for Dellvitle, read Belleville.

Page =3, Line 23, for phoshorous, read phosphorus.
P 91, Line 5, for advantage, read advantages.
Pag: 99, Line &, for predominate, read predominant.







