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PREFATORY NOTICE.

The selection of topics, arrangement, many of the defini-
tions, explanations and illustrations of this little book, are
my own, but the materials and much of the phraseology
have been compiled and condensed from the most approved
modern works on Chemistry, Botany and Agriculture.

Should any profits arise from the publication and sale of
this book, the Author will not participate in them ; the prepa-
ration of it is a humble but gratuitous contribution to a most
important branch of Canadian education and industry.

Toroxro, August, 1870,
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DEDICATORY PREFACE.

T the Honorable Commissioner, President and Members of
the Board of Agriculture for Upper Canada.

GeNTLENMEN,

T beg permission to present to you, and, through you, to
Canadian Farmers and their Families, the following book,
which T have prepared as an humble contribution to the great
work which, by your voluntary and intelligent labours, you
have done so much to promote, and which forms the basis
and life of our country’s wealth and prosperity.

Identified as I am by birth and early education with the
agricultural population of this country, I regret to see so
many of our agricultural youth leave the noblest of earthly

, and the most independent of social pursuits, for
the professions, the counting room, the warehouse, and oven
for petty clerkships and little shops. I know that persons in
public offices, and inhabitants of cities and towns, who have
1o farms, must, for the most part, bring up their sons to
other emp than that of ; personal peculi-
arities and relations may prompt to the same course in regard
1o some farmers’ sons ; and a divine call may select from the
farm, as well as from the shop and the college, for a divine
vocation ; but that, as a general rule, the sons of farmers, as
s00m as they begin to be educated, leave the farm, is a misfor-
tune to the parties themselves, a loss to agriculture, and to
the country. A boy's leaving the farm because he has or is
acquiring a good education, is an assumption or admission by
all consenting parties, that a farmer does not need such an
education ; and as long as this error is admitted, by farmers
not being educated, agriculture will be looked down upon,
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instead of being looked up 1o, as a pursnit for educated mea.
Politicians are accustomed to call farmers, by way of compli-
ment, the done and sinew of the land ; and bone and sinew
they will remain, and never be anything else, without educa-
tion. It is a supreme law, illustrated by all history, that
head rules muscle ; and all farmers who educate only their
muscles, and not their heads, must occupy the inferior re-
lation of muscle. It is true that such farmers, as well as

ics, may be and feel quite as good as other
people ; but if they are not as intelligent—that is, as wel|
educated and informed — their goodness will be associated
with ignorance, and their social position will necessarily be
one of inferiority. But let the boy be educated to make him
a better farmer, as well as a better citizen; let it be assumed,
and become a recognized fact, that a farmer must be educated
to be a good farmer, as a lawyer, doctor, or clergyman, must
be educated to be master of his work, and agriculture will
hold a rauk equal to, if not above, that of law or medicine”
Educated farmers, educated merchants, and educated manu-
facturers and mechanics, will not only develope and advance
the material interests of the country, but its civil and social
interests, by enabling the people to select chiefly intelligent
and well-to-do men from these classes as their representatives
—men not ueeding an office for support, or making politics a
trade — affording the best chance of practical wisdom and
honesty in legislation and government, and the best hope of
producing the great public desideratum —a generation of
honest politicians and patriotic statesmen.

1 know it may be said by some, “Our fathers were not
educated, and yet were successful farmers.” But those very
fathers will bear witness that they would have done and felt
much better had they been educated. Besides, the soil was
then new and more productive, and the mode of cultivating it
most simple; but the culture of the soil, the growing of crops,
he raising of stock, and the business transactions and social
relations of the farmer, are very different now from what they
were in former years, The old methods and instruments of



DEDICATORY PREFACE. vii
agriculture can no more compete with the preseat, than the
old modes of travelling or of manufactures. If the farmer
keeps not up with the improvements and intelligence of the
age, he will sink down into a mere animal of burden, instead
of standing among the peers of the land.*

It has indeed been said, that * common sense alone is suffi-
cient to make a good farmer.” It is true, a man cannot be a
good farmer without common sense; but common sense never

t i st d a rail-road, or
even made a plough, or plzntcd an orchard, without being
properly instructed or educated to do it.

In the following pages, after noting the nature and impor-
tance of the farmer’s profession, and the education demanded
by his employment and position, T have sought to pera.rc an

Grammar of Agriculture for his spers-
ing the text with notes (in smaller type) which may be nte-
resting to the more advanced and general reader.

The first and great staple interest of our country requires
young men who will devote to agriculture their talents, their
attainments, their fortunes, and their lives; and in no other
pursuit is a wider and more inviting ficld of enterprise open
to them. If this little book shall, among other things, tend
to show how much science, art, refinement, and pleasure, as
well as profit, are involved in the true pursuit of agriculture,
and thus elevate it in the esteem and occupation of the agri-
cultural youth of Canada, T shall be amply compensated for
the labour of preparing it.

T have the honour to be,

Gentlemen,
Your fellow labourer and obedient servant,
E. RYERSON.
Toronto, August, 1870,
+ In the Lesson on Economy of the Household, will be found remarks on the

education of farmers’ daughters, and of women generally, especially  Tofe-
ence to the domestic part of it. See pages 173, 174.
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PART FIRST.

e

PREPARATORY KNOWLEDGE.
s
LESSON L
THE FARMER AND HIS PROFESSION; WIIAT HE HAS TO DO; WHAT HE
OUGHT TO ENOW; HOW HE MAY LEARN; THE SUBSTANOES WITH
WHICH HE HAS T0 DO.

1. What is agriculture ?—Agriculture (from two
Latin words, ager, field, cultura, cultivation) is the
art of enltivating the soil, so as to produce the
largest crops at the smallest cost and the least
injury to the soil. 1t also includes the raising and
feeding of stock, and whatever relates to the farm
buildings and domestic economy, the care and
improvement of the land. He who thus cultivates
the soil is a farmer.

2. Is not the farmer of great importance?—The
farmer, who understands his business, is of great
importance, and is entitled to high hononr. It has
been well said, that “the first farmer was the first
man, and all nobility rests on the possession and use
of lands;” and another writer has remarked, that
““the social angel, when he descended to converse
with men, (Gen. xviii: 8) broke bread with the hus-
bandman beneath the tree.” The patriarchs of
ancient Scripture tilled the soil. Abraham was a
farmer, rich in cattle, gold, and silver; and Job
farmed on a large scale—having 7000 sheep, 3000
camels, 500 yoke of oxen, and 500 she asses.
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In Grecce, agriculture was the theme of the
{:opu]ar poets, and the various improvements in

usbandry, such as the introduction of nutritive
grains and the invention of usefnl implements for
tilling the soil, were ascribed to the immediate
bounties of the Gods. Later, the land was the chief
article of property, and the freemen who cultivated
it were honoured above manufacturers, mechanics,
and traders.

Among the ancient Romans—in the purest times
—agriculture was held in still greater honour than
among the Greeks. The proudest patricians and
most illustrious citizens lived on their farms, and
worked with their own hands. In England, at this
day, the nobility shrink from manufactures and
trades, and stand aloof from the professions of law
and medicine ; but Earls, Dukes, and even Princes,
cultivate lands, preside at agricultural festivals,
compete for prizes at agricultural exhibitions, and
write treatises on the rotation of crops, the culture
of roots, and the manufacture of manures. The
most illnstrions men in America have been farmers.

3. Why is tLgI{armn‘ considered as of so great
amportance ? — There are three reasons why the
farmer is considered of great importance. (1) His
employment is that first assigned by God to man,
and approaches most closely to the works of the
Divine Being, who gives to the earth its fertility
and adorns it with beanty. (2) His employment is
the source of wealth and comfort to the whole
country. When agriculture declines, the country
declines. When harvests are abundant, the country
prospers. The failure of the crops for a single year
eranges everfv branch of trade and commerce, and
causes general disaster and suffering. Agriculture
furnishes daily bread to the whole population. The
chase and the fisheries yield something; but the
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produce of the soil, in the form of either vegetable
or animal food, spreads the table, and constitutes
the mass of the food, for the whole community.
The chief materials of our clothing are derived
from the same souree—wool, flax, leather, and in
neighbouring countries, cotton and silk; but cotton
and silk are procured by the other productions of
onr own soil. (3) The employment of the farmer
is the true element of independence, freedom, and
virtnons enjoyment. It is true, that by the law of
our constitution and being, we are all, to a certain
extent, dependent upon each other; but, within
this divine limitation, none are so independent,
and, therefore, none so free, as the farmer; and
none so favourably sitwated for the cultivation of
the quiet virtues of the heart and fireside. It is
also true, that among farmers, as among merchants
and traders, there is great diversity of wealth and
fortune—the one owning his thousands of acres, his
herds of cattle, his flocks of sheep, his ample range
of pastures, and his broad fields of tillage, and
another being scarcely able to winter his single
cow; and another still, not even able to hire a
farm, but must toil as a farm-labourer; yet, in the
widely diffused ownership and enltivation of the
land by an independent yoemanry, there is the best
material gnarantee for the freedom and virtuous
prosperity of a country, and the most abundant
sonrce of individnal and social enjoyment.

4, But has not the farmer often to do hard and
dirty work ?—Yes! the farmer often has hard and
dirty work to do; but so has the chemist in the
laboratory, the surgeon in the dissecting room, the
physician often in his }iractice; and the advocate,
and even judge upon the bench, have sometimes
much more offensive work to do, both intellectually
and morally, than the farmer in his furrows or in
his stables. It is not what is worn, or what attaches
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from without, that defiles or degrades the farmer;
it is that which is wanting, or comes from within.

5. What should a farmer know in order to sue-
ceed in Lis employment and to fulfil the JSunctions
of his social position ?—The farmer should know
all that is essential to his employment, the same as
a lawyer or physician should Smow what belongs to
his profession, and a carpenter or shoemaker should
know what appertains to his trade. Many a man
who works on a farm is no farmer, as there is
many a quack in trades, law and medicine. A
farmer should know something of the nature and
formation of the crust of the earth which he culti-
vates, of the manures which he applies, or should
apply to enrich it; of the crops he raises; of the
animals he rears, the kinds of food and treatment
they require, their milk and other products ; of the
tools he nses and the principles on which they are
constructed ; of the food and beverages on which he
subsists, and how they are best prepared; of the
atmosphere and climate in which he lives, and their
influence upon all his operations and interests. He
should know the language in which he speaks, and
how to keep his accounts. He should know the
geography, history and institutions of his own coun-
try, and something of those of other countries. He
should also know and discharge his religions duties,
cultivate and practice the moral and social virtues.

6. Why should a farmer know these things 2—A.
farmer should know these things for three reasons:
(1) becanse the knowledge of them will enable him
to know the why and wherefore of all he plans and
does, to avoid many mistakes and losses, and to em-

loy his strength and means to the best advantage ;
&)heuauee such knowledge will convert what seems
a mechanical, if not useless drudgery into a rational
and noble employment, unfolding the laws and
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beauties of the material world ; (3) because he will
thus be qualified to enjoy the fruits of his industry,
and to %isclmrge his personal, social, and public
duties.

7. How may a farmer learn these things >—Every
farmer, with his sons and danghters, has learned
some of these things without any apparent study or
labour; but, for purposes of both practice and enjoy-
ment, he, with tge elder members of his houschold,
can learn all that is contained in the following pages,
in the course of three months, by devoting an hour’s
family study and conversation to them each evening,
and that without the aid of teacher or school, other
than this little book and their own good sense. The
writer of these pages, between fifteen and twenty
years of age, learned the greater part of the langnages,
literature and science that he then acquired, during
the evenings, and between the hours of three and
six o’clock in the mornings. Any farmer’s son who
will carry a copy of this little book in his pocket,
and learn a section or two of it, at each interval
when he is resting Lis team, &e., will be gratified
and surprised to find, at the end of the weck or
month, ]lm\v much he lLas learned that will be useful
for life, and how many idle thoughts and idle words
e has avoided. When I was a lad, and hefore I was
sixteen years of age, I learned a much larger and
more difficult book than this in a single month, and
that, too, while working daily very hard on the
farm. If a boy is aided by a school and teacher, so
much the better; but if he has not such advantages,
he can learn what will make him an intelligent and
useful man Dy seizing the odds and ends of time
during his daily labour. It is what is in the boy,
and what he resolves, and does, and not outward
circumstances, that will make the man.

8. But are not the terms used in the chemistry
and science of agriculture very hard words, and
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very hard to learn ?—The terms used in the chem-
istry and science of agrienlture appear to be hard
words and hard to learn ; but they are not so many
nor so hard to learn as the alphabet of twenty-six
letters, which every child has to learn ; not so many
nor so hard to learn as the terms which must be
got by heart in learning the elcments of grammar,
or geography, or arithmetic. Besides, every term
employed in agricultural chemistry, and in agricul-
ture, represents some substance with which the
farmer has to do, and which Le can see, or feel, or
taste, or smell—which is not the case with the
A B C which every child has tolearn. The alphabet
of agricultural chemistry, like the longer alphabet
of our language, has to be learned only once for
life, and may then be ap[ls]iod to an endless variety
of purposes.  The vocabulary of agricultural chem-
istry consists of the names of fifteen simple sub-
stances with which the farmer has to do, and which,
with their combinations, constitute the chief parts of
all that we see in nature above, around and beneath
us. The farmer, and every member of his family,
able to read, can learn the names of three of these
fifteen substances in a day, and thus learn the names
of all of them in less than a week. IHe can learn
and remember them as easily as he can learn and
remember the names of his neighbours, or of the
kinds of grain, vegetables and trees on his farm.

9. What are the names of these substances >—The
names of these substances are oxygen, hydrogen,
nitrogen, carbon, sulphur, chlorine, phosphorus,
potassium, sodium, calcium, magnesinm, silicon,
aluminum, iron, manganese. These fifteen words
are the alphabet of agricultural chemistry ; and as,
by combining in various ways the twenty-six letters
of our common alphabet, we express all that we
think, or feel, or know, and all that is contained in
all the books of our fanguage, so the substances
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expressed by these fifteen chemical terms, variously
combined, form the chief elements of our own bodies
and of the visible world around us.

10. Will you explain these chemical terms ?—In
the following lessons of this book I will explain
them, the simple snbstances they represent, the com-
binations they enter into, and the terms and symbols
employed to express these combinations, in forming
the varied materials of the mineral, vegetable, and
animal kingdoms with which the farmer has to do.
But I will here give familiar examples of the mean-
ing and application of these fifteen termns, which
make the basis of scientific agriculture. We all
breathe the i ; and the air is composed of ozygen
and nitrogen. We all drink water; and water is
composed of orygen and hydrogen. Many of us
burn coal ; and pure charcoal or mineral coal is
carbon. We all use Lucifer matches, to light fires and
lamps; and on one end of those matches is sulphur,
tipped with phosphorus. We all eat common salt;
and common salt is composed of ¢/lorine and sodivm.
‘We could not get our soap, so important to cleanli-
ness, without potash; and potash is composed of
potassium and oxygen. We conld not have com-
fortable houses without iz ; and lime is composed
of caleium and orygen. We have all come in con-
tact with send ; and sand is composed of silicon and
owygen. We have all met with efay, in more forms
than one; and clay is composed of aluminum and
owygcn.  We could not be a civilized people without
iron ; and we should be badly off without glass, in
the manufacture of which manganese is much used.
Thus, by thinking of air, water, coal, matches,
salt, &ec., and of what they are composed, we are
reminded of the names of the fifteen substances
which form the basis of scientific agriculture, and
of most of our mannfactures. This will be shown
in the following lessons.
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LESSON IL

ON THE TWO KINDS OF SUESTANCES WITH WIICH TIE FARMER HAS TO
DO—ORGANIC AND INORGANIC; THE PEOPORTIONS OF THESE SUB-
STANCES IN ROOTS, PLANTS AND ANIMALS.

11. How is matter divided; and in what form
does it exist >—The matter, or substance, of Which
the world aronnd us is composed, is either organic
or inorganic, and exists in a solid, liquid, or aeriform
state that is, in the form of wood or stone, of water,
or of air.

12. What is meant by organic and inorganic sub-
stances >—Organic substances are such as possess
organs, by means of which they grow and continne
in being, as the roots and leaves of plants, the
lungs, stomach, &e., of animals. ZJnorganic sub-
stances are snch as have no organs and do not grow,
as minerals, water and air.

13. OF which of these substances are soils, plants
and animals composed ?—Soils, plants® and ani-
mals are composed of both organie and inorganic
substances.

14. How do you distinguish between the organic
and tnorganic parts of soils, plants and animals?
—You may distingnish between the organic and
inorganic parts of the soil, by placing a portion of it
on a piece of sheet iron, or on the end of a knife,
and holding it in or over the fire, when the organic
part will first turn black and then burn away, eva-
porating in smoke; and the inorganic part will re-
main, assuming a grey, brown, or reddish color. If
you burn a straw or bit of wood in a lamp or candle,
the organic part of the plant burns and passes away

* By the term plant is meant all vegetable productions, from the
garden rose to the forest onk.
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in smoke, the inorganic or mineral part remains as
ashes.  So, if you put into the fire a morsel of the
flesh, or bone, or skin, of an animal, the organic part
is consumed, the inorganic part becomes an ash, and
remains, Thus, the organic parts of soils, plants,
and animals, are combustible and may be burned
up ; the inorganic part cannot be burnt, but are
incombustible, and remain as ases.

18. How can you find out the proportion of or-
ganic and <norganic matter in soils, plants, and
animals ; and what is that proportion *—Y ou may
find out the proportion of organic and inorganic
matter in soils, plants, and animals, by weighing the
(dried) portions of them used in the experiment be-
fore they are burnt ; and then weighing the residue
or ashes remaining nnconsumed. It will be fonnd
that rich alluvial soils or loams contain from 5 to 10
per cent. of organic or vegetable matter ; that some
peaty soils contain more than 50 per cent. and other
poor soils, not more than 1 or 2 per cent. of vege-
table or combustible matter. It will be found, also,
that the ashes, or mineral portion, of dry wood is
from 1 to 4 per cent.—that dry straw contains 5 or
6 per cent., and dry hay from 8 to 10 per cent. of
mineral matter ; that the zineral matter of dry flesh,
skin, or hair, is only 5 per cent. These experiments
show, that the soil contains much inorganic or mine-
ral matter, and little organic or vegetable matter ;
that the plant contains much organic and little
mineral matter ; that the sof? parts of animals con-
tain little, and the Aard or solid parts, much mine-
ral matter.
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LESSON IIL
ON THE ORGANIC CONSTITUENTS OF FLANTS AND ANIMALS,

(Nore.—Before noticing the mineral and simple chemical sub-
stances which constitute plants and animals, it will be proper to
state their organic constituents, which may be understood v
any knowledge of chemistry or of chemical terms ; and which will
prepare the way for considering the simple elementary
of which these organic constituents themselves consist. The or-
ganic constituents of the soil are, of course, the remains of dead
Plants and animals, which are mixed with the mineral earth, As
the organic substances originate entirely in plants, and then pass,
under new modifications, into the systems of animals. we will first
consider the organic constituents of plants, and then those of
animals; after which we will enquire into the simple elementary
substances of which these constituents of both plants and animals
are composed.)

16. What ave the organic constituents of plants ?
—The organic constitnents of plants are four—
woodyfibre, starch, gluten, oil or fat.

17. What s woody.fibtre >—Woody-fibre is the
most abundant product of vegetation, and is the
substance which forms the bulk of all trees, giving
them firmness and strength ; and exists in straw,
hay, chaff, the bran of wheat, the liusks and skin of
seeds, the stones and shells of fruit, and the fibres
of flax, hemp, cotton, &e. By nitric acid, these
fibres are converted into qun cotton.

18. What is starch ?—Starch is well-known from
its nse to stiffen cotton, linen, and other cloth ; is a
white powder with no smell, very little taste, and
gives a very peculiar sonnd when squeezed between
the fingers ; is the chief ingredient of bread, forms
more than three-fourths of the smbstance of the
dried potatoe, and abont half the weight of oaten
and Indian corn meal, and of rye flour, &e.

19. What is gluten ?—Gluten is a tough, elastic,
grey substance, which forms an essential part of
wheat, constitutes the chief nutritions parts of
grains, and gives to dough all its tenacionsness. It
18 also called wegetable fibrin, from its identity of
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composition with the fibrén, or muscular fibre of
flesh, or lean meat.

20. What is the fourth organic constituent of
plants ?—The fourth organic constituent of plants
is oil or fat, which occurs more or less abundantly
in all plants; even in those where we should not
expect to find any—such as grains and grapes ; but
it is generally most abundant in the secds or nnts
of certain plants, as in linseed, hempseed, poppy-
seed, walnuts, hickory-nuts, &e.

21. What are the ovganic consiituents of the dry,
solid parts of animals ?—The organic constituents
of the dry, solid parts of animals are the same in
number as those of plants; namely fonr—uscle or
lean flesh, fat, bone and skin. (Joknston.)

22. Can you describe each of these substances ?—
(1) The dry muscle or lean flesh consists chiefly of
blood and a white fibrons substance, called fibrin,
which enters largely into the composition of the
blood, and forms the basis of the muscles. It is
nearly identical with the glufen of the plant.

(Nore.—The term dry is used in connection with flesh, because,
in its natural state, fresh lean meat contains about the same per
centage of water as potatoes—that is, 75 per cent.)

(2) The fat of animals is similar in composition
and properties to the fixed oils of vegetables, as the
solid fat of olive oil.

(3) The organic part of bone consists chiefly of
%elntin, or glue, to which bone may be rednced by

eing boiled long in water.

(4) The skin consists also of gelatin, or glue, like
the organic parts of bone. When boiled some hours
with water, the skin dissolves into a liquid, which,
on cooling, coagulates into a tremulous jelly. This,
when dried, forms the well-known glue.

(Nore. The relations of plants and aniwals will be explained
in a future lesson.
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26. What are atomic numbers or chemical equiva-
lents ?>—Atomic numbers, chemical equivalents, as
also definite proportions and combining numbers,
are terms used to express the same thing, and mean
the atom, or atomic weight, according to which one
simple body unites with other bodies. Experiments
have shown that all elementary bodies unite with
each other in fixed quantities by weight. Hydrogen
being the lightest of all known bodies, is taken as
representing 1, or unity, and all other elements are
compared with it. Thns the water we drink is
composed of two gases—Hydrogen and Oxygen—
chemically expressed H O. It requires just one
ounce of Lydrogen to unite with eight ounces of
oxygen, to form water, which has this composition
the world over; and were these two elements to
unite in any other proportion than 1 to 8 by weight,
some new compound, different from water, would
be the product. Therefore the atomic number, or
chemical equivalent of II (hydrogen) is 1, and that
of O (oxygen) is 8. The same principle, as to the
fixed and invariable composition and properties of
bodies, applies to all substances, however compli-
cated. The law of definite proportions is universal
and permanent, and is the essential basis of the
science of chemistry.

(Norz—The simplicity, beauty and importance of the applica™
ton of this principle in matters of practical agriculture, will appear
in subsequent lessons.)

27. Do the figures under the names of  the fifteen
simple bodies mentioned in_the preceding ‘lesson,
express these equivalents ?—The figures under the
names of the ﬁf‘teen simple bodies mentioned in the
preceding lesson ex{vress the equivalent numbers,and
are founded upon the fact, ascertained by chemists,
that the elements and their compounds unite in con-
stant proportions, or, in other words, “that whatever
be the proportion by weiglt in which any one body
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combines with another, it preserves the same relative
proportion in its combinations with all otherbodies.”
Hydrogen is assumed as 1,0xygen as 8, carbon as 6,
sulphur as 16, and so on with the fifteen substances
named in the preceding lesson. These are the chemi-
cal equivalents, or combining numbers, or atomic
numbers. Between these 15 dissimilar bodies there
is a peculiar kind of attraction, called qffinity ; and
the figures express the number of parts by weight in
each body which have an attraction equal or equiva-
lent to those of another body. Thus the chemical
energy of 1 part of hydrogen is eguivalent to that of
8 parts of oxygen, to that of 14 of nitrogen, to that of
6 of carbon, to that of 39 of potassium, and so on. Thus
also 8 parts of oxygen are eguivalent, in attractive
force, to 1 part of hydrogen, to 14 parts of nitrogen,
and so on in regard to the equivalent or combining
numbers of all the elementary bodies. Therefore,
a3 bas been stated, 8 parts of oxygen unite with
1 Ipart of hydrogen, to make water — chemically
called oxide of hydrogen ; 35 parts of chlorine and
23 parts of sodium combine, making common salt—
chemically called chloride of sodinm; 8 parts of
oxygen and 39 parts of potassium combine, making
potash—chemically called oxide of potassium.

(Note.—1It is not to be understood that these figures expresa
the absolute weight of the parts of simple bodies, but merely the
proportional weighta in which those bodies combine. It is assumed
that every simple substance or element is composed of small parti-
clea or atoms, but eo minate as not 5o B vieible even wilh the aid
of the most powerful microscope. Nothing, therefore, is known
of the size, shape, or absolute weight of those ultimate atoms.
Taking hydrogen as representing one, or unity, the fizures repre-
sent the smallest equivalent or atomic weight in which any body
will combine with one part by weight of hydrogen or eight parts
by weight of oxygen.)

28. But do not these elementary bodies combine
@n more proportions than onc *—These clementary
bodies combine in more proportions than one; and
several of them present a great variety of combina-
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tions in form and colour, as well as in more essential
qualities ; but the combining proportionals of these
compounds are fixed and invariable. For example,
nitrogen and oxygen combine in several different
quantities; but the larger quantities are multiples
of the smaller, and take place in the ratios of 1, 2,
8, &e.

(Nore —In the five compounds which are formed by the combi-
nation of nitrogen and ox; gen, the amount, of nitrogen js constant,
but the quantities of oxygen are as the numbers 8, 16, 24, 32, 40—
the Jast four numbcrs being multiples of the first ; and in no other
proportions will nitrogen and oxygen combine. These compounds
may be thus stated, omitting fractions: One equivalent (14 parts)
of nitrogen, combined with one equivalent (8 parts) of oxygen,
forms nitrous ocide, or the prot-oxide of nitrogen, called Jauching

45, of which the chemical formula is NO. One equivalent of
nitrogen (14 parts) united with fwo equivalents (16 parts) of oxygen,
formis itric oride, or deut-oxide of nitrogen—formula NO;.  One
equivalent of nitrogen (14 parts) united with fhree equivalents
(24 parts) of oxygen, forms hupo-nitrons acid—formula NO,. One
equivalent (14 parts) of nitrogen, united with four equivalents
(32 parts) of oxygen, forms nitrous acid—formula NO,. One equi-
valent (14 parts) of nitrogen, united with five equivalents (40 parts)
of oxygen, forms nitric acid—formula NOs. Thus in these five
compounds the proportion of nitrogen is the same in all —i
smallest equivalent. The smallest proportion of oxygen is
equivalent 8 ; in the next higher compound it is 16, or twice 8; in
the fourth 32, or four times 8; in the fifth 40, or five times 8.
Carbon and oxygen combine in two proportions, /The union of one
eqnivalent of each forms carbonic oxide—formula CO; the union of
one equivalent of carbon with two equivalents of oxygen, forms
carbonic acid—formula CO,.

29. What is this principle of proportional com-
bination called ?—This principle of proportional
combination is called the law of multiple propor-
tions, and teaches, “ that when one body combines .
with another quantity larger than its regular equi-
valent, or lowest lnvuportion, that larger quantity,
whatever it may be, is an exact multiple of the
single equivalent number;” or, that the other pro-
portions are multiples of the first.

30. Does this law of definite proportions extend -
to the union of compound bodies, as well as of ele- .
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mentary bodies —This law of definite proportions
extends to the union of compound bodies, the
combining proportion of which is the snm of the
combining numbers of the elementary bodies of
which they are composed. ¢ The equivalent weight
of a compound is the sum of the egnivalents of its
constituents.” Thns, as one equivalent of earbon,
whose combining number is 6, and two equivalents
of oxygen, whose combining number is" 8, forms
carbonic acid (with which the farmer has much to
do) the equivalent or combining number of carbonic
acid is 22—the sum of 6 and twice 8. Lime is
composed of one part each of calcium and oxygen—
chemically called oxide of calcium, The combining
nnmber of caleinm (sce Lesson 1V.) is 20, that of
oxygen is 8; the equivalent of lime is, therefore, 28
—the sum of 20 and 8. The equivalent of marble
is 50—it being composed of carbonic acid, whose
combining number is 22, and of lime, whose com-
bining number is 28—50 being the sum of 22 and
28. Sugar is composed of 12 equivalents of car-
bon, each 6=72; 10 equivalents of hydrogen, each
1=10; and 10 equivalents of oxygen, each 8=80.
The snm of 72, 10 and 80, is 162—the equivalent
number of sugar. Thus, “ The equivalent or com-
bining proportions of a componnd body is the sum
of the combining proportions of its elements.”

Norz.—Some terms have been necessarily used in the foregoing
lesson, which have not yet been explained: but they will be ex-
plained in the following lesson.

It is the establishment of the above simple and comprehensive
Taws of numerical proportion, which has led to the invention of
the symbolic langnage of chemistry, explained in Lesson IV.,
which enables one to express in the shortest manner the constitu:
tion of every compound body, and which is used by physicians in
prescribing to druggists the preparation of medicines” We will
now proceed to explain the chemical terms, without the knowlsdge
of which mnch that is written o agricultore is utterly unin.
telligible, and the mastery of which (and this can be accomplished
in a single week) will open up o the reader a simple and beautiful
language of great practical utility.)




26 PREPARATORY ENOWLEDGE.

LESSON VL
DEFINITIONS OF THE ACIDS, BASES, SALTS, ETO,, OF THE TEGMINATIONS
IDE, URET, OUS, IC, ITE AND ATE, OF THE PREFIXES HYPO, PER
PROTO, DEUTO OR BIN, TRITO OR TER,

Nore.—The terms defined in the preceding lessons are not re-
peated in the following lesson.)

31. What is the result of the union of elementary
substances ?—The elements uniting with each other
produce compounds, and these compounds uniting
with other eomponnds produce more complex com-
pounds,

32. What are these compounds called *—These
componnds are called owides, acids, bases, and salts.

33. What is an owide >—An oxide expresses a
componnd (which does not possess acidity) formed
by the nnion of oxygen with another element (called
a metal.) Oxygen and all the elements ending in
ine, when united with one another, taking the ter-
mination, ide, when the compound is not an acid ;
as oxide of calcinm (lime), chloride of sodinm (com-
mon salt), oxide of iron (rust.)

Norz.—In some instances, however, the oxygen is not repre-
sented by the termination ide, but by the termination a, as soda
for the oxide of sodinm, potassa, for the oxide of potassium, silica,
for the oxide of silicon.

Other elements, not. forming acids, take the termination wret,
instead of ide ; as sulphuret of ivon, carburet of hydrogen. European
chemists prefer the termination ide to uret ; but many American
chemists use the termination wuret, instead of ide, upon the ground
that there is more euphony in sulphuret that in sulphide, though
meaning the same thing.)

34, What are acids?—Acids, in common lan-
guage, are sour substances ; in chemistry acids are
compounds which usnally have a sour taste, and
change vegetable blues to red, though not always
possessing these properties. Acids also possess the
{)l'opert of combining with, and nentralizing alka-

ies and other bases.



PREPARATORY KNOWLEDGE. 27

35. How are acids formed ?—Most of the acids
connected with agriculture are formed by the nnion
of oxygen with other bodies. Thus carbonic acid,
which forms to a great extent the food of plants,
gives to water and some other drinks their spark-
ling brilliancy and agreeable taste, consists of one
equivalent of carbon united with two equivalents of
oxygen (formunla N O,). Nitric acid (aqua fortis),
80 essential an element in manures, consists (as
was shown in the 5th lesson) of 1 equivalent of
nitrogen and 5 equivalents of oxygen formula N O,).
Phosphoric acid, which, in combination with bases,
forms salts of the highest importance in agrienlture,
consists of 1 equivalent of Iplmsphuru and 5
equivalents of oxygen (formula P> O,). Silicic acid,
perhaps the most important inorganic acid in its
relation to agriculture, consists of 1 equivalent of
silicon united with 3 equivalents of oxygen (formula
81 0,). Sulphuric acid, extensively nsed by some
good farimers, either directly as a manure, or for dis-
solving bones, is composed of 1 equivalent of sulphnr
united with 3 equivalents of oxygen (formula S O,),
&e.

Noze.—It is from this property of oxygen converting, by com-
biaation, so many other simple bodies into acids, that it originally
received its name, which is derived from two Greek words, one of
which signifies acid, and the other fo generate, though some acids
do not contain oxygen, as hydrochloric acid, or muriatic acid,
which consists of 1 equivalent of chlorine united with 1 equivalent
of hydrogen (formula fI CL). Chlorine forms 65 per cent. of com.-
mon salt, in union with sodium—chemically called chloride of
sodium, as stated in a former lesson, and is also largely used for
bleaching and other purposes.)

36. How are acids named ?—The large number
of acids which are formed by the union of oxygen
with other bodies, are named from the element with
which the oxygen unites; as carbonic acid—consist-
ing of carbon and oxygen; sulphuric acid—con-
sisting of sulphur and oxygen; phosphoric acid—
consisting of phosphorus and oxygen. But acids in




28 PREPARATORY KNOWLEDGE.

which there is no oxygen, are named from both their
elements ; as Aydro-chloric acid, consisting of the
union of hydrogen and chlorine.

37. But what different acids are formed by the
wunion of the same elements in different proportions,
how are they distinguished >—When different acids
are formed by the union of the same elements, in
different proportions, they are distinguished by the
terminations ous, ¢, and the prefixes Aypo, lyper,
and per. The termination ic, indicates a higher
degree of oxidation, or a stronger acid ; the termi-
nation ous, a weaker, and the prefix Aypo (which
means uader) describes a still weaker acid. It was
stated, in illustration, in Lesson V., that nitrogen
forms three acids with oxygen—7ypo-nitrous acid,
nitrows acid, and nitric acid ; the first the weakest,
and the last the strongest acid, the second between
the two extremes of the minimum and maximum.
Thus, by the union of sulphur with oxygen in
different proportions, we have /yso-sulphurous acid,
sulphurous acid, and sulphuréc acid; the first indi-
cating a smaller quantity of oxygen than the second,
and the second than the' third,” When au acid is dis-
covered which contains a larger amount of oxygen
than the highest in a known series, it receives the
prefix hyper (above or more), as hyper-chloric acid,
or more commonly per-chloric acid, which contains
more oxygen than chloric acid.

( Notr.—When there is only one acid formed by the same cle-
ments, its termination is always in ic.)

38. What are bases ?—DBases in chemistry, are
com%\o\md substances, consisting for the most part,
of the union of oxygen with another elemeritary
metallic body, and are called busic oxides. The
name denotes their supposed functions which are to
form the {oumiation of an extensive class of sub-
stances, which enter largely into farming operations,
and which chemists call salts. Bases are the oppo-
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sites of acids, have usually a burning acrid taste,
and undo the work of acids by restoring blue to the
vegetable red colors cansed by acids.

39. You have spoken of non-metalic and metalic
bodies, how are they distingnished ?— The fifteen
elementary bodies mentioned in lesson IV, are divi-
ded by chemists, for the conyenience of study, into
two classes—non-metalic and metalic. The latter
class are called mefals; the non-metalic elements
are termed by chemists metalloids ; which means
substances resembling metals, the affix oéd being de-
rived from a Greek word meaning like.  Of the fif-
teen elements referred to, eight are usually classed
as metalloids, or non-metalics—namely four gases,
oxygen, hydrogen, nitrogen, and chlorine, and four
solids, carbon, sulphur, phosphort con. The
1etals are seven—namely, potassium, sodium, cal-
cium, magnesia, aluminum, iron, manganese.

(Nore —Chemists enumerate 51 metals, including copper, lead
zine, gold, silver, &c., but the notice of others than those named
above is not necessary to the purposes of agricultural chemistry.)

40. But what is the difference in the ¢ffects of the
wunion gf owygen with metalloids and metals >—The
nnion of oxygen with metalloids, or non-metallic
bodies, prodnces acids, except when the prol}:ortion
of oxygen is too small to produce an acid : but the
union of oxygen with metals produces oxides of the
metals ; some of which axe alkalies, comprising pot-
assa, soda, to which is 4dded ammonia; alkoline
earths, embracing lime and magnesia ; earths, in-
cluding alumina (clay), and silica (sand); and the
metallic oxides of ¢7on and manganese.

(Norr.—The properties of these compounds, as connected with
agriculture, will be noticed hereafter.

41- Does not oxygen combine with these metals in
more proportions than one, and thus produce diffe-
rent viiyrees of omudation ?—Oxygen combines with
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the metallic, as with the non-metallic elements, in
more proportions than one, thus producing different
degrees of oxidation. When oxygen combines with
the same element in different proportions, forming
several oxides, its quantity is indicated by words
derived from the Greek and Latin; as protoxide,
deutoxide, tritoxide—the prefixes to the word oxide
being derived from the Greek words protos, first,
deuteros, second, and tritos, third. The deutoxide
is sometimes called binoxide from #is, and the trit-
oxide, teroxide from Zer, the Latin words for twice
and three times. The deutoxide has twice the
oxygen that the protoxide has, and the tritoxide
three times—the amount of metal being the same
in all cases. The oxide that contains the greatest
amount of oxygen is sometimes called peroxide—
the prefix per being the Latin for through, fully,
to the utmost extent. In case of some metals the
oxide contains less oxygen than the protoxide, and
this is called suboxide—the prefix sub being the
Latin for nnder. In case of some metals also, the
oxide, instead of having twice as much oxygen as
the protoxide, has one and a half times as much,
and s termed a sesquioxide—the prefix sesgui being
the Latin for one and a lalf, and vsed when the
elements of the oxide are as two to tliree, as they
cannot be divided.

(Nore.—It is thus scen that acids and bases are binary com-
pound: h consisting of two -y bodies—the acid being.
composed of oxygen united with a non-metallic element, the base
of oxygen united with a metal. This is the first order of chemical
combination, when elements unite with elements, forming acids
and bases. The second order of chemical combination arises from
the union of these acids and bases, forming salfs, which will next
be considered.)

42. What are salts ?—-Salts are compounds of
acids and bases. Thongh acids and bases possess
opposite properties, they have a strong aflinity for
each other, and combine to form a new body which
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has no similarity to either of the substances of
which it is composed. The acid combining with a
base, destroys or neutralizes its basic properties;
and the base combining with the acid, neutralizes
or reduces its acid properties. By this union the
groperties of both acids and bases are completely
estroyed, and a neutral salt is the result—a com-
pound with new properties. Thus, adding muriatic
acid to soda produces common salt (chloride of
sodium) ; nitric acid added to potash produces salt-
Fetre (nitrate of potash); sulphuric acid added to
ime produces gypsum, or plaster-of-paris (snlphate
of lime) ; snlphuric acid added to soda pro}luces
Glauber’s salts (sulphdte of soda); sulphuric acid
added to magnesia produces Epsom salts (sulphate
of magnesia).

[OTE. is thus seen that each salt consists of at least three
elements. Saltpetre (vitrate of potash) consists of oxygen, itro-
gen and potassium; Gypsum, or Plaster of Paris (sulphate of lime)
consists of oxygen, sulphur and calcium ; and so on.)

43. How are the different salts named ?—The
different salts are named from the acids which enter
into their composition by changing ous of the acid
into e of the salt, and 2¢ of the acid into ate of the
salt. If the acid contains a minimum of oxygen,
and thercfore ends in ous (as shown above, 37), the
termination ¢te is employed in the salt; and if the
acid contains a maximum of oxygen, and therefore
ends in ¢, the name of the salt terminates in ate.
Thus, sulphurous, nitrous, and phosphorous acids
from sulp%\ites) nitrétes, and phosphetes ; and sul-
phurée, nitrée, and phosphorie acié form sulphates,
nitrates, and phosphates, as in the examples in 42.
The basic element of a salt is indicated by the usual
prefixes, proto, deuto, &c., as profosulphate of iron,
which is a sulphate of the protoxide of iron.

Nors.—If the base is not sufficient to saturate the salt, there
results what is called an acid salt, or super salt; if, however, the
base is in excess the salt formed is called dasic salt, or sub salt.)
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44, But are not salts formed from elements not
containing oxygen ?—There is another class of sub-
stances which are termed salts, though there is no
oxygen in their composition ; but only two or three
of them are connected with agriculture. Instead of
being composed of an oxide of a metal and an acid
formed from a metalloid and oxygen, they consist
simply of a metal and a metalloid. Thus sulphur
and iron nnited, make a sulphuret, or sulphide of
iron ; and common salt comes from the union of the
metal sodium and the metalloid chlorine, forming a
chloride of sodium.

(Note.—As oxygen forms oxides, so chlorine forms chlorides,
snlphur sulphides, phosphorous phosphides, and carbon carbides.
1t 5 in the componnds of the Jast three substances, that the termi-
nation uret is generally used instead of ide ; as sulphuret (instead
of sulphide) of iron, dc. The following remarks from the London
Encyclopedia of Agriculture, in the article salts, form a proper con-
clusion to this important Jesson

“The term salt, originally restricted in its application to common
salt, was afterwards employed to denote a great many substances,
differing very widely from each ofher in chemical application, and
having, indeed, little elso in common but solubility in water and
being incombustible,”  * Although the group of salts includes
many compounds differing so widely in their appearance and gene-
Tal physical charactcrs, that they would be hardly recognized by
the untutored observer as salts; all the members of the salt family
present us, nevertheless, with an intimate analogy of composition,
which readily enables us to recognize the saline nature of com:

ounds—such as carbonate, or phosphate of lime, which, with the
uninstructed, pass for earthy matters. According to the modern
acceptation of the terw, a salt is always a compound of two sub-
stances, or it consists of halves possessing diametrically opposed
characters. One of the halves is strongly electromegative, the
other half strongly electro-positive in relation to the first. In the
majority of cases, both halves are compounds, The electro-negative
half is an acid, the electro-positive & base. Thus in Glauber’s salt,
we find an_clectro-negative substance, sulphuric acid, united with
an electro-positive or basic substance—sod are ds;
the one a compound of sulphur with oxygen ; theother of the metal
sodium with oxygen.

““In other salts, the halves are either simple substances, or com-
pounds acting like simples. Onc of them, the electro-positive, is
a metal, or a body acting like a metal; the electro negative is
likewise an element, or a compound acting like a simple substance,
Thus the one-half of common salt iy the metal sodium, an elec-
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tropositive element ; the other is chlorine, an elsctromegative

“ Chemists accordingly, distinguish two great elasses of salts i—
1. Ozygen_salts, or salts resulting from the combination of an
oxygen acid, lke sulphuric or p‘maphoru acid, with oxygen base
—as, for instance, soda or potash, 2. Haloid salts, or salis result-
ing from the combination of a mml or a body acting like a metal,
‘iih ich's subetanc as chlorine, ~ Common sl is a familiar, ox-
ample of haloid salt.”

LESSON VIL

SOME ACCOUNT OF TIE NATURE AND PROPERTIES OF FOUR OF THE
FIFTEEN ELEMENTARY SUBSTANCES.

(Nore.—The foregoing lessons have made us familiar with the
two kinds of substances (organic and inorganic) with which the
farmer bas to do; the proportions of these substances in soils,
plants and animals; the four organic constituents, respectively, of
plants andanimals; the names of the fifteen clementary substances,
with their symbols and equivalent numbers: some of the acids,
bases, and salts formed by their union, and the tdrms by which
their combinations are indicated and dmt_mwm-lmd ‘We are now
prepared to inquire into the nature and propertics of the fifteen
clementary bodies which constitute the great bulk of ecarth, sea
and air  The account of these bodies will be purely clementary,
given in as few words as_possible, and limited to the purposes of
agriculture, exc sional remarks in the notes of & general
character.
metallic bodies— namely, oxygen, hydrogen, nitrogen, carbon,
cblorine, sulphur, and phosphorus, The first four of these will be
the subject of the following lesson.)

OxyaeN. Symbol O : Eyuivalent 8.

45. What is orygen >—Oxygen is a kind of air or
gas, and, like the air, transparent, withont colour,
taste, or smell. It is about one-tenth heavier than
the air ; it cannot be frozen ; it is that ingredient in
the air which makes things burn, and supports life
in animals. It combines with all known elements
except one—Fluorine.

(Nore,—Oxygen is the most abundant and the most important
of all substances in ature. It constitutes by weight nearly one-
fourth of the atmosphere, eightninths of water, and about one-
third of 2thc earth’s solid mass)
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Hryprocen. Symbol H: Eyuivalent 1.

46. What is hydrogen ?—Hydrogen is a kind of
air or gas, colourless, and, when pure, without odour
or taste. It does mnot support respiration j for an
animal soon dies when confined in it. Nor does it
support combustion ; for a lighted candle will go
out in it. Yet it is highly inflammable, for, when
mixed with common air, and brought near a flame,
it will explode. It is the lightest of all known sub-
stances, being fonrtcen and a half times lighter than
common air, and is therefore the best material for
inflating balloons, though coal gas, on account of
its greater cheapness, is mosi used for that purpose,

(Nores.—(1) Hydrogen signifies water-former—being derived
from two Greek words, /udor, water, and_gennao, I form or gene-

. United with oxygen, it forms onc-vinth in weight, and two-
thirds i bulk or volume, of r. The chemical name of water
is, protozide of hydrogen. Hydrogen is held with such affinity by
oxygen and other bodies, that it is not found i nature in a free
gt butia the form of it aud agucous vapour, bydrogen io
diffused universally over the globe; like oxygen, is an Important
constituent of animal and vegetable matter ; in union with earbon
forms a large number of gaseous, liquid and solid compounds ; and
associated with carbon and oxygen, is a constituent of inflammable
substances, such as ether and alcohol.

(2) But though bydrogen is inflammable, and tberefore buras,
it does not support eombustion. a5 does not burn itself,
but it aids the decomposition by fire of bodies that are combus-
tible, and is therefore « supporter of combustion. But hydrogen
gas, though it burns itself (yielding a feeble yellowish-blue light),
will extinguish a flame immersed in it, and is, therefore, an iuflam-
mable body, or a body that will burn, but does not support com-
bustion.

(8) 1t may appear singular that while hydrogen is the Lightest
of all gases, it 13 also spoken of as a solid body. The reason is,
that although in its acrial state it is the lightest of all known subs
stances, yet when imbibed by living vegetables it becomes solid,
and forms oil, wax, resin, &c.; and 1o combination with oxygen,
it forms water, which has the property of becoming either solid,
Tiquid, or aeriform.

Nirroces.  Symbol N : Eyuivalent 14.

47. What ds nitrogen ?—Nitrogen, like oxygen
and hydrogen. is an air or gas, transparent, without

=
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colour, taste, or smell. Like hydrogen, it does not
support combustion or animal life; but unlike
hiydrogen, it does not take fire when bmncrht near
the flame of a candle. Nitrogen is a little lighter
than the atmosphere, aud constitutes four-fifths of it.

(Nomes.—-From the fict that animals placed within it immed.
ately die, it has been called azote—life destroyer—from two Greek
words, a, priyative, aad zo¢, life; and it is still so called by the
French chemists, though that name would be equally applicable to
all the other gases except oxygen. But though animals spee
die in nitrogen, it does not act as & poison ; for the air we breathe
is four-fifths nitrogen. It is becanse animals cannot live without
some oxygen in the air which they breathe.

The name nitrogen, assigned to this olement by Fnglish
SRR upon its property with oxygen of producing an
acid which is the principle of uitre, made gascous by combination
with caloric.

3. Nitrogen, while found abundantly in the mineral kingdow, is
one of the most 1mport1nt constituents of orgamc snbstances, as.
has been stated in a previous lesson. It exists in the tissue and
musele of the animal body to the amount of 17 per cent. In an

v free state, it by weight nearly four-
fifths (79 parts out of 100) of the atwosphere. But while nitrogen
forms & most important element in both the vegetable and animal
Kingdoms, it has not yet been decided by chemists, whether plants
derive their nitrogen through their leaves directly from the air,
or dissolved in water, through their roots, or whether the animal
system has the power of using or assimilating it when absorbed
from the air by the Inngs.

4. It has been shown in Lesson V., that nitrogen forms five
compounds with oxygen. Among the native mineral substances
mentioned in Lesson LI, nitrogen forms 14 per cent of the nitrate
of potash, and 16 per cent. of the nitrate of soda. With hydrogen,
nitrogen forfs ammonia—one of the most powerful medicines, as
well as one of the most important elements of manure.

5. It is a curious fact, that while animals immediately die in
pure nitrogen, and while the atmospere is compased fourfifths of
nitrogen and one-fifth of oxygen, that oxygen and nitrogen united
in equal volumes, consmnm the nitrous oxide, which causes such

cau almost to insanity, to
R 15 tabals it oo, 45! to- b dalled. the laughing gas. The
reason assigned is, that it introduces into the body more oxygen
than can be consumed, and therefore deranges the nervous system,
and, as a powerful stimulant, gives an unnatural activity to the
nervous centres of the brain.)
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Carsox.  Symbol C: Eguivalent 6.

48. What is carbon #—Carbon (from the Latin
carbo, coal) is a solid substance, usually black, with-
out taste or smell, and more or less combustible.
TIts purest form is diamond, which is ecrystalized
carbon, as is also plumbago, in a less pure form.
The most common form of carbon is wood-charcoal.
Lamp-black is a variety of earbon; and it is found
as anthracite and bituminous coal in vast deposits
in the earth—formed from the vegetation of an
earlier period.

Nores.—1. Carbon abundant and important, This important sub-
stance is essentially an element of the organic kingdom, and its
various compounds are more widely and abundantly diffused than
any other substance. It is the solidifying element of all living
structures, whether vegetable or animal. It constitutes nearly
half the weight of the dried substance of vegetables or animals.
In the vegetable kingdom it forms the skeleton of the plant or the
tree—a fact witnessed in wood-charcoal, often retainiug the shape
of the very fibrc, knots and rings of the wood, from which it is
obtained by smothered combustion. Carbon performs an equally
important part of the structure of animals as in that of plants, In
the mineral kingdom, besides the deposits of coa), it is one of the
ingredients of limestones, marbles, chalks, corals and shells; and
in the atmosphere it is present every where united with oxygen
oftcrmn ah Culi S s oE ot atas oy eight EventyGrnIVAE
cent. of carbon.

2. Carbonic acid. In Lesson V., p. 24, it has been shown that
carbon forms two compounds with oxygen—carbonic oxide, and
carbonic acid. The latter of these compounds is by far the most
important ; and its importance and ourious phewoména will ustity
afew remarks upon it. - Carbonic acid is a colourless gas, of slightly
sour taste, and about one and a half times beavier than air. This
s is one of the products of all ordinary combustion. The burning
of fuel yields it in vast quantities. The combustion of a bushel of
charcoa) prodnces 2,500 gallons of this gas. It is formed within
the bodics of all animals by the union of the oxygen of the atmos-

here with the carbon of the system, and escapes, through the
ungs, by respiration into the air.” Sir H. Davy says, * each adult
man exhales about 140 gallons per day.” It also results in great
abundance from the decay and putrefaction of animal and vegetable
substances, and is generated from the earth in yolcanic districts,
and sometimes collects in large quantities at the bottom of cellars
and wells, and in mines, under the name of choke-damp.

8. 1t is essential to the growth of plants; but it extinguishes
burning substances, of all kinds, and 1s fatal to animal life. It
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destroys life, not merely because, like nitrogen, it shuts out oxygen
from the blood in the lungs, but, cven when dilnted with tea fimes
its bulk of air, it acts as a narcotic poison gradually producing stu-
por, insensibility and death. It is thus that persons sleeping in a
close room are sometimes suffocated by the fames of burning char-
coal—carbonic acid gas. When breathed pure, carbonic acid gas,
as it is said, produces spasms of the glottis, closes the air-passages,
and thus Kills suddenly by suffocation, Thus the Lake of Alverno,
in Italy, evolves so latge a quantity of carbonic acid gas, that birds
flyinz over it drop with suffocation; and a dog eatering the cele-

bratéd Grotto del Cano (cave of the dog) falls down dead, thongh a
man may enter the cave without feeling the effacts of the poison.
The reason is, that the gas flows along the floor of the grotto not
more than to the height of the knces, while the head of a man rises
above it, and he breathes the air.

4. It is a singular fact that while carbonic acid gas is a deadly
on into the lungs, it is ot injurions,
and prodnces an agrecable sensati cn into the stomach
—arising from the different. chemistry of these org: Thus all
Kinds of good spring aud well water (which sparkle when poured
from one vessel to another) owe their pleasant flavour to the pre-
sence of earbonic acid, as do soda waters, champagne, bear, porter,
e, their effervesconce and pungancy.

. Of the compounds formed by the union of carbon with hydro-
gen nitrogen, chlorine, and sulphur, I will not here speak, 1 may,
however, remark, that with hydrogen carbon forms a gas, called
light carburetted hydrogen (C Hy),: o fire-damp of the coal mines
the fatal explosions of which prompted the invention of Sir H.
Davy’s safely Imnp, nlso the inflammable air of marshcs, formed

in st the
of vegetable mat e explosion of this gas in the mines pro-
dnces carbouic acid by the combustion ; so that the unfortunate
miners who are not burned are suffocated.
REMARKS ON THE FOUR EIE\IE\TS AB')VE DESCRIBED—
OXYGEN, HYDROGEN, NITR( N.

The fonr elements—oxygen, hydrogen, nitrogen
and carbon—which have become familiar by The
above statements and explanations, and by refer-
ences in previous lessons, are the chief elements of
all vegetable and animal substances— the fonr let-
ters which compose the alphabet of organic nature,
and have been termed organogens (genemmrs of
organization.)” It is true that in some organic
structures other elements are used ; as calcinm and
phosphorus in the bones, iron in the blood, silicon
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in the stalks of grains and grasses, giving them their
stiffness, and otier elements to a limited extent for
various purposes. But these elements occur in very
small quantities. The organogens—the generators
of organization—are the four grand elements which
chiefly build up the structures of vegetable and
animal life. Only one of them as has been shown,
is a solid, while the other three are gases—invisible
gases, whose properties are only known from their
effects—all withont taste or smell ; and the one solid
element is in its ordinary form of a dark colonr ; but
these few materials produce the endless variety of
forms, eolours, odours, tastes and other qualities
presented in the living substances of the animal and
vegetable kingdoms. “ Then of substances not liv-
ing, (it has been well observed) the earth’s envelope
of air, fifty miles thick, is a mixture mostly of two
elements, oxygen and nitrogen, and all the water is
composed of oxygen and hydrogen. And to come
to the solid crust of the earth, carbon is seen in the
enormons quantities of coal treasured up in the
bowels of the earth for the use of man; carbon and
oxygen united with a metal form the lime-stone
rocks and ranges of mountains; oxygen is a large
constituent of the granite and other hard rocks ; and
of the compound mixture under our fect, which we
call earth, these four grand elements form a very
large proportion.”

LESSON VIIL
CHLORINE, SULPHUR, AND PHOSPHORUS.

Curorive.  Symbol Cl.: Eguivalent 85.

49. What is chlorine ?—Chlorine (from the Greek
Kloros, green) is a gas of a yellowish-green colour,
of a disagreeable odour, and is about two and a half
times heavier than common air,
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(Notes.—1. Chlorine differs from the three colourless gases
already noticed (oxygen, hydrogen and nitrogen) in this, that it
‘has a decided colour, though the muriatic acid (when pure), whicl
results from the union of chlorine with b ‘ogen, 18 colourless,
The muriatic acid is the old name of this acid; the new name is
derochlarm acid—from the word: hydrogen and chlorine. But

old name is most us is curions that the chlorine and
hydrcgen (H C1) will not \mlte Ln form this acid in the dark, only
in daylight.

2. Chlorine united with the metal sodium (chloride of sodium)
forms common salt—being 65 per cent. of it. It is therefore called
a Haloid Salt producer. The chloride of soda (in which chlarine
gns is combined with the alkali sodu) is a powerful disinfectant or

estroyer of offensive smells and deleterious airs in houses, stables,
and especially in a time of infections discaso, such as the cholera,
e, One of the most important properties of chlorine is its bleach
ing power,extensively propared and wsed s chlorido of lie for
bleaching linen, cotton goods and paper

Tts bleaching and disinfecting propcrucs avise from its stron;
afflnity for hydrurren wlnch it takes away from colouring nni
putrescent posing them,
marks: * All animal und vegclub] abstances contain hydrogen,
which is taken from them by chlorive  But if a single chemical
pillar falls the whole chemical structure tumbles ith it, By the
abstraction of the hydragen the colouring matcer becomes colour-
less, the odorous princi centless, the morbific matter innoxions,
the insoluble substances are frequently rendered soluble.” Hnnwn
further explains this fuct so importast in manufactures. “The
chlorine taking the hydrogen of the water (for an article cannot
be bleached without being moisteaed) sets free the oxygen, and
this in its nascent state (that s, the 1noment it is produced) has
special chemical power, and attacks the colouring matter, destroy-
ing it or burning i up as we may eny, for the union of oxygen
with other clements is essentially a combustion, It is oxygen then
that really does the blmchmg Tiere, just as in the case Bl 8
bleaching. But the question arises, why does the oxygen burn up
the colonring watter and not the cloth itself? This is from a

rinciple well established in chemistry, namely, that the more
u|grev}1ents there are in a compound the more easily is it decom.-
posed. While the vegetable tissue or snbstance i3 composed of
three elements, carbos, oxygen and hydrogen, the colouring matter
is composed of these with pitrogen in addition, and is therefore
more readily dewolishe cen than the cloth is. But
BT o e clbtl s onmhat biihed i e process; that s,
some of the tissue are destroyed b‘y the released oxygen, and the
cloth is consequently weakened. This is done whenever after the
chlorine bas released sufficient oxygen (by abstracting the hydro-
gen of the water) to destroy the colouring matter, it continues to
release more. The point then to be aimed at by the bleacher is,
to set free only enough oxygen by means of the chlorine to oxidize
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(that s, burn up) the colouring matter and not the substance.
There is the same danger that the process may be carried too far
in the common sun-blcaching, or grass bleaching, as it is called.”
On this process the same author observes: By the influence of
the sun’s light the oxygen of the alr is made to unite with the
colouring matter of the cloth, and so this is burned up (oxidized),
the product passing off in the air just as the products of ordinary
tombustion do. Tt the cloth s exposed 160 long, some of the
substance itself is burned up, lessening the strength of the cloth
and rotting it as it is commouly expressed. The reason_that the
coloured matter is affected before the substance, is that it is more
combustible, or, in other words, more readily oxidized.”

Svrenvr. Symbol 8: Equivalent 16.

50. What is sulphur ?—Sulphur, or brimstone,
is a brittle inflammable erystaline solid substance,
of a pale yellow colour, with little taste or smell, but
emitting a peculiar odour when rubbed or heated.
It is about twice as heavy as water.

(Norzs—1 .This important substance occurs as a mineral in vol.
canic districts, as in Italy and Sicily. There are large deposits of
it in Spain and Tealand; and it is found less abundantly in some

vpsum beds in Europe, It is separated from other maiters, and
prepared for use by a process of distillation. Much of the sulphur
in use is obtained from a sulphide or sulphuret of iron—the iron
pyrites—which contains about 54 per cent. of sulphur, and yields
it by distillation.

2. Sulphur combines with metals, as iron, silver, copper, Jead,
zine, &c., forming sulphurets or sulphides of those metals. Though
described as a mineral, it enters into the composition of many
vegetablo and animal substances: as turnips, beans, peas, horse-
radish in the yegetable world, and in the hair, horn, hoofs, nails,
feathers c., in the auimal. Tt exists in eggs, and discolours the
silver spoons used in eating them, forming the black sulphide or
sulphuret of silver, It is extensively used in medicine, and in the
arts, being employed in the mannficture of gunpawder, friction,
matches, vermillion, taking impression of seals, &c., de. = Sulphur
is the strongest chemical substance next to oxygen, and has a
powerful afinity for most of the other lements exther directly by
itgelf, or indircetly through its combinations; as acids and sul-
phates. Combined with oxygen, it forms sulphurous and sulphuric
acids, which are extensively used in manufactures, and form new
and important compounds with other substances,

8. Sulplourous acid is composed of one part sulphur and two
parts oxygen ($ 0s), and is produced by gurning sulphur in the
air, when it unites with oxygen, forming a colourless gas, of a

i taste and ing smell. acid is used




PREPARATORY KNOWLEDGE. 41

for bleaching or whitening silk, woollen and straw goods, as
chloride of lime is used to bleach linen and cotten goods. It also
cxtinguishes combustion. Tt is therefore often used to quench tho
burning soot of chimneye by sprinkling some sulphur on the cosls.
The sulphurous acid rising drives out all the air and thus stopping
the supply of oxygen to tha burning soot, puts out the fire.

4. Sulplarric acid has one-third more of oxygen in it than sul-
phurous acid has—Dbeing composed of one part sulphur and three
parts oxygen (S O;). Stockarpr says: “ What iron is fo the
machinist, sulphuric acid is to the chemist. ~As the former makes
out of iron not only machinery of all sorts, but also instruments,
by which he can work up every other maerial, so sulphuric acid
has for us a double interest.” It not only forms the bases of
important salts, but we employ it also as the most useful chemical
means for_producing numerous other chemical substances and
changes. It stands as it were, the Hercules among the acids, and
by it we are able to overpower all others, and expel them from
their combinations.” 1t oceurs in commerce as a liquid only. It
is about twice as heavy as water: It is commonly called the oil
of vitriol, as it was formerly obtained from green vitriol. It is now
manufactured on a large scale from sulphur. Besides innumerable
chemical uses, it is extensively used in the arts; in dyeing, calico
printing, refining gold and silver, purifying oil and tallow; in the
manufacture, of blacking and various paints, of soda water, and
various acids, such as the muriatic, nitric, &c.; also in the manu-
facture of soda from common salt, of chlorine for bleaching, of the
sulphate of magnesia (Epsom salts) of the sulphate of soda (Glau-
ber's salts), &e., de.

5. Sulphur combined with hydrogen (H 8) forms a gas called
sulphuretted. Tiydrogen or hydrosulphuric acid—a colourless gas, of
the well known smell of rotten eggs, and which is produced b;
the putrefaction of organic substances containing sulphur, suc}
as flesh, blood, albumen, or white of eggs, dc.)

Prosenorovs.  Symbol P: Eguivalent 32.

51. What ds phosphorous >— Phosphorous is a
solid substance of a pale yellow colour, appears
somewhat like bees’s-wax, is soft and flexible at
common temperatures and very inflammable. From
its singular quality of shinning in the dark, it has its
name, which is derived from two Greek words, phos,
light, and phero, to carry or bear, light-bearer.

(Nores—1, Phosphorous has such an affinity for oxygen, and is
therefore so inflammable, that it never occurs naturall, a free
state, and when propared cannot be prevented from oxidizing, or
taking fire, without being immersed in water. It must thercfore
e kept and oué under watcr. O belug takon out of che water, it

2
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should be held on the point of a knife or bya pair of forceps, as it
takes fire in the air on the slightest touch or even heat of the hand,
and burns fariously. It is a formidable poison.

2. Phosphorous is largely employed in the mannfacture of lucifer
or friction matches. At an establishment in the city of Ottawa,
100,000 of these matches are manufactured per day: and it is said
that upwards of 200,000 pounds of phosphorous are annually used
in London in the manufacture of matches—simply to tip the ends
of them, But as the phosphorous would be liable to take fire when
exposed to the air, it is kneaded with water and gum, or glue, into
a paste, which when dried serves as a protecting varnish. The
points of the matches are first coated with sulphur, then dipped in
this preparation of phosphorous, and then cautiously dried in a
stove. On rubhing the match against some rough surface, the
friction causes the phosphorous first to take fire (causing a white
vapour), next the sulphur or brimstone, and then the wood of the
match.

3. Phosphorous, though not existing naturally as an element, is
widely diffused in combination with other substances. It is
usually fonod in the form of phosphates—which are compounds of
metals with phosphoric acid. In plants and animals it mostly
exists as phosphates of lime, magnesia, potash, and soda, As the
phosphate of lime, it constitutes ten per cout. of the bones of
animals; and from them the phosphorous used in matches is chiefly
obtained. The phosphate of lime is the mineral portion of hoes,
and constitutes about 54 per cent. of their weight.

4. Phosphoric acid, consisting of one part phosphorous and five
parts oxygen (P O;), is always produced when phosphorous is
burned in dry air or oxygen, for which it has an intense affinity.
‘When a match is burned, the white smoke that appears is the
phosphoric acid. This acid is of great importance in agriculture,
as will appear hereafter, and itis chiefly from its presences in bones
that they are so useful as a manure,

6. Phosphuretted hydrogen or phosphide of hydrogen consists of
one part phosphorous and two parts hydrogen, is a colourless gas
of more offunsive smell than sulphuretted hydrogen, The curions

henomenon of will-o'-the-wisp or jack-oJlantern, where a flame or
light is said to move over marshy places, is ascribed to the pre-
sence of this selfinflammable phosphuretted hydrogen,

6. Phosphorous and sulphur, on acconut of their great inflamma-
Dility, are called pyrogens—irom two Greek words, pur, fire, and
geunian, to producé—fire-generators.)
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LESSON IX.
METALS, POTASSIUM AND SODIUN.

(Nors.—The seven elements described in the three preeding
lessons are called, as has been stated, non-metallic substances, or
metalloids. The remaining eight clerents now to be deseribed
are called metals. They are opaque; they are characterized by a
peculiar brillianey called metallc lustre; they are conductors of

oth heat and electricity. Their various conneetions with agricul-
ture will hereafter appcar. They are distinguished as follows:—
1. Metals of the alkalies—potassium and sodium. 2. Metals of
the alkaline earths—calcium and mognesium. 3. Metals of earths
—aluminum and silicon. 4. Metals used in the arts—iron and
manganese. The first two will be the subject of the following
lessons.)

Porasstun (Latin Kalinm). Symbol K : Eguiva-
lent 39.

52, What is potassiwm ?—Potassinm is a bluish
or silver-white metal of great lustre, and so soft at
common temperatnres that it may be marked by
the fingers like wax, It is so light that it swims on
the water, and has so great an affinity for oxygen,
that its cut surface immediately tarnishes on expo-
sure to the air. It cannot be kept in the air at all,
but is kept in naphtha-—a liquid containing no
oxygen, but consisting only of carbon and hydrogen
inequal qnantities. It is never found free in na-
ture, but oceurs abundantly in rocks and soils coni-
bined with oxygen as potash, and in this form it
enters largely into the composition of plants and
the interests of agriculture and manufactures.

(Notes—1. Potassium has so strong an affinity for oxygen, that
a little piece of it thrown upon the surface of water, instantly
decomposes the water, taking the oxygen to itself to form potash,
and setting free the other ingredient of water, hydrogen, which
takes fire from the heat produced by the sudden union of the
oxygen and potassium, burning with & fame of a beautiful violet
coloar. The contact of potassium with ice produces tho same
phenomenon of instant flame.

2. But it is the compounds which this metal forms with oxygen
which are so important to agriculture and manfactures, Potassium
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and oxygen combined in equal equivalents (K O) form a compound
well known as potash—a strong alkali, possessing powerful basic
‘propertics, as will be explained Lercafter. Potash (oxide of potas-
sium) combined with the acids forms salts, as was explained in
Lesson VI, such as carbonate of potash, nitrate of potash (salt-
petre) de. -

3. Potash, or potassa, derives its common name from having
been first obtained from the ashes of vegetable substances which
had becn burned in iron-pots,—hence named pot-ashes. f‘rude
potashes and pear] ashes are prepared in large quantities in the
woody parts of this country. When the wood or the leaves of any
trec are hurned a whitish ash reniaios behind, which contains
variable quantities of carbonate of potash. This ash washed with
water, and the washings evaporated in large iron cauldrons, and
calcined, furnishes the commercial potashes. From these potashes
pearl ashies, a purer kind of carbonate of potash, are obtained by
adding a small quantity of water, decanting the liquid from the
insoluable impurities present in the crude potashes and evaporat-
ing to dryness  (“ London Encyclopedia.”)

4. Canstic potash (which derives its name from its use in medi-
cine in the form of small sticks to cauterise or cleanse uleers and
foul sores) is a hydrate of potash, containing single equivalents of
potassa and water. When not hardened as a white solid, it is a
white powder. In both its powdered and solid state, it has a
powerful affinity for water, possesses in the highest degree alkaline
properti izes the acids to blue
the vegetable colours which the acids have reddened—changes
vegetable yellows to hrown—decompuses animal and vegetable
substances Whether living or dead—has strong cleansing powers,
and is therefore used in the making of soap; and potassa salts are
among the most valuable of manures as will be seen hereafter.
Indeed its uses can hardly be enumerated, and its compounds are
almost endless as chloratés, sulphates, carbonates, nitrates, &c, de,
The sulphate of potash is an essential ingredient of alum ; and the
nitrate of potash is saltpetre, or nitre, is of special interest as being
one of the three ingredients of gunpowder,—which is composed
of nitre, charcoal and sulphur, The philosophy of gunpowder
explosion is thus explained by Fowxes: “ When gunpowder is
fired, the oxygen of the nitrate of potassa is transferred to the
carbon, forming carbonic acid; the sulphur combines with the
potassium, and the nitrogen is set free. E‘he large volume of gas
thus produced and still further expanded by the very exalted tem-
perature, sufficiently accounts for its explosive effects.”

Soprom (Natrium). Symbol Na.: Eguivalent 23.
55. What is sodium #—Sodium is a bright metal
somewhat like silver, and very much resembles
both in app and properties. It is

P
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not so light as potassinm, yet so light as to swim on
water. Tts aflinity for oxygen is “not 5o strong as
potassium, yet so strong that it rapidly tarnishes on
exposure to air; like pomssmm it must be preserved
in paphtha or puroknm does pot take fire and
Lurn like potassium on hcmz thrown upon the sur-
face of cold water, but, on being thrown upon the
surface of /ot water, sodium bursts into a beautiful
yellow flame (and is thus converted into oxide of
sodium or soda), while potassinm burns with a violet
flame. It is a very abundant substance, but is not
found pure ; it eonstitntes two-fifths of sea-salt, and
is a large ingredient in rocks and soils.

(Nores.—1. Sodium, the natrium of the Germans,was discovered
bf Sir Humphrey Dav: ey in 1807, a few days after his discovery

potassium, which it so much resemhles, It is only used in ifs
combinations, Soda is a compound of equal equivalents of sodium
and oxygen—protoxide of sodium (Na 0). The common washing
soda (called carhonate of soda) consists of equal atoms of carhonic
acid and the oxide of sodium or soda. Soda united with sulphuric
acid forms glauber salts—as has been explained in the notes on
sulphur. Sodium united with chlorine forms common salt—
chlonde or sodium, as has been explained in the notes on chlorine,
1t i common salt that the other compounds mentioned are
nbea ed “From sommon salt, or chloride of sodium, sulphate

 sodium is prepared fmm um, sulphuret. of soda; then soda;
nnd finally sodium”” Sloc

2. Of the many other compounds of sodium, I will not here
speak. As caustic potash has been shown to he obtained from the
carbonate of potash, 8o from the carbonate of soda has been
ohtained the caustic soda, which is 8o extensively employed in the
manufacture of soap and glass. Hard soaps are formed from fats
by soda; soft soaps are Tormed from fats by potassa, Potassa and
soda, meuea with sand, yield glass.

s potassium and sodium are the lightest of all metallic sub-
sunm—bom floating upon water—and have the %reutest affinity
for oxygen; so their oxides form the most powerfal bases and are
the strongest alkalics, which play so fmporiast  part in agricul-
ture and manufact

From thi s alkali-metals, I will proceed in the next
Tesson to e some account of the two metals of the alkaline
earths—calcium and magnesium.)
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LESSON X.
OALCLUM AND MAGNESIUM (ALKALINE EARTHS).
Caccwoar.  Symbol Ca: Fyuivalent 20.

56. What is caleium ?—Caleium is a silvery white
metal, a little harder than lead and a little heavier
than water, It is the metallic basis of Zime, as its
name indicates—calcium being derived from calx,
the Latin term for lime, and from which we have
the English word calcareous.

(Nores.—1. Calcium is bt little known and is put to no use as
a metal, and is only procurable by difficult chemical process, but
is widely known and used in its combinations. Its compounds are
numerous and of the highest importauce to the agriculturist, the
‘manufacturer, and the artist.

2. Calcium with oxygen (Ca O) forms lime, and with carbonic
acid (Ca O, C Oy ) forms carbonate of lime, or limestone, composing
wholo ridges of mountains and known as one of the principal con-
stituents of our earth. The varieties of marble consist essentially
of this carbonate of lime, or limestone ; it forms more than half of
chalk, is the base of plaster of paris and alabaster, and constitntes
the greater part of the mineral portion of the bones of animals.

ime is the protoxide of calcinm, and is produced by burning
limestone (carbonate of lime) in large masses in kilns. The simple
object of this borning is to drive off the carbonic acid into the air
by the heat, when a white substance remains, sufficiently hard to
be transported without crumbling to pieces, called guick lime, or
caustic lime. One ton of good limestone (or carbonate of lime)
yields about eleven hundred weight of quicklime. When gnick-
lime is exposed to the air, it rapidly imbibes moisture and crum-
bles to powder; it then gradually absorbs carbonic acid, becomes
less caustic, and flnally regains the neutral condition of the carbo-
nate. The air-slakedlime is a mixture of the hydrate and carbo-
nate of lime.

4. Hydrate of lim: is the cbemical name for slaked lime, and is
produced by pouring about one pound of water upon three pounds
of quicklime, which then melts to thrice its original bulk, and
crnmbles to a fine white powder, called the mypRATE Of lime.
During the process of elaking a large heap of good lime, the heat
evolved is sufficient to scorch wood. This rise of temperature is
caused by the solidification and combination of a portion of the
water with the lime. But if the water is added too rapidly in
slaking, it seems to chill the lime and produces gritty lumps,
wbich impair its value for both building and agricultral pur-
poses.
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5. Mortar. One of the most important uses of lime isin making
mortar, which consists of lime and sand (silica) made into a paste
with water, and which is employed by builders to cement stones
and bricks together. The excellence of the mortar depends much
upon the quality of the lime (which should be perfectly caustic)
and the selection of the sand, which shonld be sharp and rather
coarse grained, and free from the least impregnation of clay. It
should be spread thinly and not allowed to dry too rapidly ; to
prevent which the surface of the brick or stone is sometimes
saturated with water before the mortar is applied. It hardens,
gradually by a chemical action between the lime and the sand;
and as the mortar becomes dry by the evaporation of the water,
carbonic acid is attracted from the air and unites with a portion of
the lime ; so that there is in the mortar, a mixture of the hydrate
and carbonate of lime, which has more firmness than either sub-
stance separately. Hence the remarkable hardness of the mortar
of old buildings.

6. Hydraulic cement. Dot ordinary mortar will not solidify, or
long resist disintegration under water, Hydraulic cement pos-
sesses this property. Dy burning limesione containing clay
(which is the silicate of alumina) a burnt lime is obtained which,
when mixed with water and sand, yields a mortar that solidifies
quickly and hecomes as hard as a stone under water. This is
called hydraulic cement, and is therefore used in building piers of
Dridges and other structures under water.

1. the many other compounds of calcium aund their ses T
will not here speak., The chloride of lime, so extensively used for
bleaching cotton and linen goods, T have mentioned iu the notes
on chlorine.

8. Lime, as a constituent of good land and its importance as a
manure on clay and vegetable soils, will be noticed hereafter.
Some idea may be formed how largely lime enters into the system
of plants and is abstracted from the soil, from facts stated by
Professor Johnston as to the amount of lime removed from an acre
of laud by the following crops, including hops, straw and grain :

Wheat, 25 bshels . 8% Tbe,
Barley, 88 “ . B
Qats, 50 .

Turnips, 25 tons.
Potatoes, 9
Red clover, 2 “
Johnstoh vemarks that “ Grain grown on welllimed land has a
thinner skin, is heavier, yields more flour—and that richer in
gluten—than if grown on unlimed Jand.”

Macgnestoy.  Symbol Mg : Eguivalent 18.

57. What is magnesium 2—Magnesium, like cal-
cium, is a silvery-white, ductile, malleable metal;
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not found native, but chemically obtained by de-
composing the chloride of magnesinm.

(Nores.— 1. Maguesiom forms several useful compounds, as
oxide, chloride, nitrale, carbonate, phosphate, sulphate, silicate of
maguesia. It best known and most useful compounds are mag-

the oxide: of ing of the union of equal
equivalents of o: P e iy 0); and Epsom salts—
CAlpliato of magnna (Mg 0,5 Op o ¥ H O)_whose constitueats,

25 the formnla “Shows, are sulphuric T R

z Sttt o long considered of no use separately; but it
is now ﬁcgmmm to be largely used for illuminating purposes,
espe n mines, in photography, &c. where a very brilliant
llght i u‘qnlred 1t is not improbable that magnesium may, at
no distant day, be employed as the chief domestic illuminating.
agent in place of candles, gas, or coal oil.
i s, The two metals—calcium
3 on are called alkaline earths.
The propertics of the alFalics, as also of acids, have been deseribed
in lesson VI calelum and magnesium are midway
tween alkalies and earths (which will be treated in the next les
son)—identical with neither, and Bariakiog partly of tho qualities
of both. The alkalies are very ; the carths are insoluble;
the alkalioe eartbs are partially wlnb]e The alkalies are caustic;
the earths are not at all caustic; the alkaline earths somewhat
caustic. It is from this castic quality that tho milk of lime—lime
i nsa water—is used in tanning, to remove the bair from
hid e alkalics with fats form solable soap ; the alkaline
e it tate fo e nal ALl soap.)

LESSON XI.
METALS OF EARTHS, ALUMINUM AND SILICON,™
Avomivom,  Symbol Al: Eguivalent 14.
58, What is alwininv:e 7—Aluminum is a white
metal like silver in colour and hardness, but only
one fourth as heavy. It is never found free in

* Silicon holds an equivocal place in systems of classification—
many chemists ranking it, on account
non-metallic B
arrangement is here adopted, and silicon associated with alumi-
num—those forming the bases of the two principal earths. Ac-
cording to Stinuay, silica, or oxide of silicon, is estimated to form
one-sixth part of the surface of tho globe.
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nature, but always in union with oxygen, with
which it unites in proportion of two to three, form-
ing a sesqmo‘(lde of aluminum, well known as
alumina (AL O,

Nores—I. This metal was formerly obtalned only at
cost; but M. DeviLis, who has charge of the private laboratory
of the Emperor of France, has of late years discovered a process
by which it can be obtained in large quantities at as small a cost
as silver by weight; and being as bright and as strong as silver,
and four times lighter, it may be used for various purposes at one.
fourth the cost of silver. Being very sonorous it makes good
bells, and the French government propose to use it for helmets and
cuirasses, for which it ia 5o well fitted by its lightness and strength.
Besides oxygen, aluminum unites with chloriue, sulphur, and phos-
Phorous, and with all of them forma sesgui compouads.

of aluminous earth,
is one of the most abundant. prnducmm of nature in every region
of the globe, is a constituent of the oldest primary rocks, of the
secondary siratn, and of the most recent alluyial deposits; it is
the basis of clay and an_invariable constituent of all fertile soils.
The various kinds of clay of which bricks, pines, pottery, porce-
1o, S, aresmade, eomily of hydrats of ‘alumina morg o
pure, in chemical combination with silica or sand.

3. Though alumina commonly is o rude mass of earth, it is
sometimes found crystallized into the most beautiful and precious
gems. The saphire, which in some of its varieties is next in hard-
ness and value to the diamond, is pure alumina eryatallizod, The
oriental ruly, the oriental fopaz, tl
smfilahl are red and yellow, and violet and green Vanetws of the
s

e e e o T qmphau of alumina and
potassa, its chemical formula beinz K 0, S A1,0:,38 0,
24 HO.' As common alum is comjosed of e e
potassa—chemically united it is called a double salt, and one of

eat and various utility. The silicates of alumina include all the
Varieties of clay, which are (es_or hydrated silicates of aln-
mina, The varietics of fire-clay used for lining furnaces and other
like purposes are mearly pure silicates; that is compound of
alumina and silica (sand) = AlOs, 8 81 Op.  Fidler's carth—so
mnch used for cleaning and scouring: cloth, from its property of
absorbing grease— of alumiua, Feldspar and
AR orxtall 28 mler 0 e chleﬁy composed of silicates
of alumina, as are granite, prophyry and other ancient unstratified
rocks,

Stuicon.  Symbol Siy Egquivalent 22.
59. What is silicon ?—Silicon (sometimes called
silicium) is a dark brown powder, not occurring free
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in natnre, but produced by chemical process. The
word silicon is derived from silex, the Latin term
for flint. Silicon is chiefly known in its nnion with
oxygen forming silicic acid, silica, or sand—which is
estimated to form about-one sixth part of the surface
of the globe. While carbon is the main constitutent
of the organic kingdom, silicon in the form of silicic
acid, is the chief constituent of the mineral kingdom.

Nores,—1. The union of silicon with oxygen in proportion of
one to three (Si Oy) forms silicic acid or silica, which is the
chemical name for what in common langnage is called flint, It
scems strange to one unacquainted with chemistry, that a hard
tasteless solid, such as we have in flint, quartz, e., should be
called an acid. It is so called because it unites with oxygen to
form compounds, termed silicates, just as sulphuric and nitrie
acids unite with oxygen to form sulpi’mtea and nitrates.

2. Silicic acid, is better known by the names silica and siliceors
earth, When pure, it is a light whitish power, which
and dry when rubbad between the fingers, and is both in
inodorous  This compound is an abundant natural product. In
some of its forms this minral is found everywhere, It is a con-
stitnent of every soil; and under the form of sand and sandstone it
covers a great part of the earth’s surface. It constitutes a larze
portion of many monntain ranges, the sand and gravel of soils,
and the pebbles upon the sea-shore. It forms gun-flints, grind-
stones and the porons burr.stones, nsed in flouring mills for grind,
ing grain. It is an cssential constitueut in the mineral part of
organic matter. It forms the outer-coat of the grasses, and of the
husks of grain; and from this covering the long, slender, hollow.
stems of grasses and grains derive their strength, as the bodies of
animals do from the skeloton. According to Professor Johnston,
silica forms 74 per cont, of tho ash of rycatraw, and 65 per cent
of the ash of wheat straw. If there is a deficiency of sificie acid
in the soil, the grain stock will be weak and therefore liable to fall
down or lodge. 1t is the silica which chicfly blunts the edges of
scythes and other instrnments used in cutting the stalks of grasses
and graios.

3. The crystallized forms of silica are numerons and important.
Quartz and flint are nearly pure silica, and feldspar and mica are
silicates.  Various precious stones: carnelian, amethyst, agate, opal,
Jjasper, de., are silica, and their different colours are cansed by the

rosence of metallic oxides. Crystallized silica, when colourlass,

forms quartz or rock crystal ; when violet coloured, it is the
ametliyst, which owes its colour to traces of iron and manganese ;
when green it is the prase, or green quartz, and is coloured with
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the oxide of iron; when tinged with a dehme apple-green, n, is
the chrysoprase, coloured by the oxi o red, i

rose yuartz, and owes its colour to the resence of manganese
when possessing red veins or spots, cnuscg Dy the per oxide of iron
scattered through it, it is blood stone or heliotrope ; when deposited
from water, it is chalcedony, of which the milk-white yariety forms
white carnelian and the red varicty red carnelian. The onyz, the
sard, and the sardonyz, are varicties of chalcedony; the first, brow.
and cpaque white in alternate layers; the second, a deep brownish
red; the third, alternate layers of red and milk white, forming a
beautiful arrangement of colours in cameos, de. Other forms of
silica constitute jasper, opal, aud numerous varicties of agates.

4. Besides other forms and uses, silica is extensively nsed in the
manufacture of various kinds of glass; in the form of quartz-
c;ystnl it is often used for the glasses of pectacles, under the name
of pebbles.

LESSON XII.

METALS EMPLOYED IN THK /RTS.

Irox (Latin, Ferrum). Symbol Fe: Eyuivalent 28.

60. What is iron ?>—Iron is the most nsefnl, most

common, and most tenacious of all metals. When

pure it is almost white; but the best iron in com-

mon use is far from be ng pure. It was in early

times the symbol of war ; it has become the emblem
and instrument of civilization.

(Norss.—1. The uses of iron can hardly be cnumerated; an

American poet has tersely  exprssed in the followiag lines « few
of the many uses of this met:

IRON AND MANGANESE,

“Tron vessels cross the ocean,
Tron engines give them motion ;
Tron needles westward veering,
Tron tillers vessels steering ;
Tron pipe our gas delivers,

Tvon bridges span the rivers ;
Iron pens are used for writing,
Tron ink our thonghts inditing';
Tron stoves for cooking victuals,
Tron oven, pots and kettles;
Tron horss draw our loads,
Tron rails compose our roads ;

Iron anchors hold in sand,
Tron bolts, and rods and bands;
Tron Louses, iron walls,

Iron canuon, iron ball

Tron axes, knives and chains,
Tron augurs, saws and planes ;
Tron globulés in our blood,

Iron particles in food ;

Tron lightning rods on spires,
Tron telographic wires ;

Tron hammers, nails and sorews,
Tron everything we use,”

2. Tron has been found native in a few instances, and in small
quantitics, occurring almost entively in meteoric stones; but it is
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almost always found in combination with oxygen, carbon, sulphllr
and some other on
are the most abundant oxides in nature, and constitota the eolour-
ing matter of rocks and soils, are contained in plants, form an
essential constituent of the blood of the animal body.

. Ores of iron is the name given to minerals which contain
iron in such form and quantity as to be employed in the prepara-
tion of the metal. Mineralogists have described nearly fifty diffe-
rent species of these ores; but the cssential constituents of them
all ate iron and ozygen; and only about five or six of theni are
used to any great cxtent in the manufacture of iron. The follow-
ing ave the principal ores: (1) Loadstone, or the magnetic black
oxide of iron, remarkable for its magnetic propemcs—me ore of
most of the celebrated iron mines of Sweden. It is from this ore
that the Swedish bar-iron is manufactured so much for making
stocl.  (2.) Red iron ore, oF specular iron ore, ot red hnematite (sesqui
oxide of iron) found in different countei roducing to a
Timited extent a havd iron resembling polished steel. (3) Brown
iron ore (hydrated sesquiozide of iron) abundant all over the world,
especially in America, and the chief source of the iron of commerce,
(4) Bog iron. ore, found in low places, immediately beneath the
soil, consisting of hydrated peroxide, mixed with phosphate. This
ore’ yields phosphorous castiron. (5) Pyrites, Iron sometimes
occurs combined with sulphur in various proportions, usually
in fine ystallized minerals of brass-like lustre, called pyrites ;
which signifies fire-stone—so named becanse it was used i five-
locks before the introduction of gun flints, to_produce_ sparks
with steel. Pyrites is a sulphide or sulphuret of iron; of which
there ave two varieties ; magnetic iron pyrites, a protosulphide of
ivon; and common ot yellow pyrites, a bisulphide of iron—the latter
containing twice the proportion of sulphur as the former. Whea
yellow pyrites occurs in minute brilliant scales, it is sometimes
‘mistaken for gold—* fools’ gold.” It is easily tested by heating,
when it gives off a sulplurous smell, which of course real gold
never does. Common pyrites occur plentifully, sometimes mas-
sive, crystallized in various forms, and sometimes in very fine
lamine and grains, in coal, &c, and is chiefly prized as the source
of copperas, Spanish brown, sulphur, and sulphuric acid. When
oxidized by exposure to the air and moisture, it yields protosul-
phate of iron—the green copperus o green vitriol of commerce
and which is often pernicious to

4. Tron is produced from its ores by subjecting them to intense
beat in a blast furnace” with charcoal. The object of this is two-
fold.  irst,to separate the oxygen from the iron  This is effected
by the intense heat, which causes the oxygen to leave the iron
and unite with the carbon of the charcoal, forming carbonic acid,
which flies off with the smoke of the furnace. Secondly, to remove
from the i Jron the impurities of clay, flint (silica), dre., which most
ores contain, The same heat which separates the oxygen from
ot rases (by the sid of e adde for the purpose when the
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ore does not contaiu it) the silicic acid, and alumina into & dark
coloured glaes called slag, which flows with the melted metal to
the bottom of the furnace. Tho slag or glassy substance being
much lighter than iron, floats upon the snrface of the liquid iron,
and protects it from the atmosphere which would otherwise
oxydize & considerable quantity of it. The slag rups off by an
aperture left for that purpose, while the melted iron is drawn off
at intervals through a {ap-hole at the bottom of the furnace, into
mould’s of sand, where it g‘ ecomes cool, and constitutes the pig or
cast iron of commerce, These moulds of sand cobsist of & straight
channel with furrows running at right angles. The workmen call
the channel of the moulds the sow, and the furrows the pigs.
Hence the origin of the term pig-iros

5. Vavietics of iron. Pig ot cast-iron, wrought-iron, steel; the
differences in which are chleﬁy owing to the proportion of carbon
present in each. The first product of the blasting furnace is pigor
cast-iron, which contains about five per cent. of carbon, and which
wm. some other impurities canses the brittleness and fusibility of

m, and thus adapted to be run into moul It refore
nsed in making all kinds of castings. But while its hardness and
capability of being cast in moulds fit it for a great variety of uses,
T e incapable of being worked in any other
‘way and unfits it for the varlous uses to which wrought iron and
steel are adapte,

Wrought ivon is obtained from pig or cast iron by decarbonizing
it, or burning the carbon out of it. Thi done by taking advan-
tage of the fact, that \:arhnn is more combustible than iron; and
exposing the pig.iron some refining preparation) to a cur-
Tent of air heated to the hlgh« degree in an oven-shaped furnace
(reverberatory furance) in which tho fucl is ot mingled with the
metal as in the case of smelting, but heats by the flame reflected
from the low roof. The result is that the oxygen of the heated
air passing through the furnaco unites with the carbon of the pig
or cast iron, and passes off as carbouic acid; and the metal thus
divested of all but a trace of about half per cent. of carbon, is
taken out in the shape of balls with a loxg oar-shaped iron instru-
ment, and after being subjected to & great pressure by machinery,
it is passed through & succession of iron rollers, each pair having
a smaller space between them than the preceding, until the soft
Bar-iron of commerce is produced. This bar or wrought iron
differs in several respects from cast iron, The latter is hard and
brittle, while the former is soft, flexible, malleable, ductile, and the
most tenacious of all metals, When heated in a_high degreo,
wrought iron becomes only a semi-fiuid, and thercfore cavnot be
made to run into moulds like cast-iron; but at red heat can be
Sronght into any shape, and ab white heat can be moulded—which
cannot be done with cast iron. There is also a difference in the
leziure. Cast from is gramdous—composed of grains—as may be
seen by examining a broken edge; but the structure of wrought
from i5 fibrous—composed of threads or fibres lying alongside of
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each other. In welding, the fibres of the iron intermix, which
adds to the strength of the material; and therefore articles which
require to be very strong, such as anchors, &c., are not made of a
single Ipiere, but of a bundle of bars of iron welded together.

Steel i3 a form of jron half way between wrought and cast iron
as to the quantity of carbon it contains—a compound of iron and
carbon. Cast iron contains five per cent. of carbon; wrought iron
contains half per cent. ; steel contains from ome to two and a-half
per cent.

Steel may be mauufactured by two opposite processes. It may
be made by partially decarbonizing very pure cast iron—that is by
burning out half the carbon; or from wronght iron by restoring
part of the carbon separated from it in its preparation. ~The latter
is the usual method, It consists of a process called comentation—
by heating to full redness bars of the purest iron surrounded by
pulverized charcoal in iron or fire-clay rectangular boxes, whercby
the carbon eombines with the iron and converts it into steel. This
Pprocess requires from 6 to 10 days, according to the thickness of
the iron bars, which, when removed from the furnace, exhibit a
Blistered eurface.

The steel obtained by the partial refining of cast iron is called
native, or_forge-stzel, while that prepared by cementation is called

ar or blistered steel.  When the blistered steel is drawn down into
smaller bars by the tilting hammer, or extesion cylinders, it
forms tilted steel ; and when broken up, and heated again to weld-
ing heat, and again forged iuto bars, it forms refined steel, or shear
steel—so called because it was at first prepared thus for making
shears to dress woollen cloth.

English cast steel is prepared by breaking into pieces and heating
blistered steel to the fusing point in fire-clay crucibles, casting it
into ingots, which are afterwards hammered or rolled into bars.

Tempering steel presents some curious facts, The most remark-
able property of steel is that of becoming extremely hard when
quickly cooléd ; which is not the case with iron. When steel is
heated to a cherry-redness and then plunged into cold water, it
becomes so hard and brittle as to be almost unfit for any practical
purpose, If again heated to redness, and cooled rather gradually,
it becomes elastic; and if cooled very slowly (annealed) it becomes
soft, ductile and malleable, like the softest bar-iron. Betwees
these two conditions any required degree of hardness can be
attained ; and is thus determined by the workman from the colour
of the metal in heating, Steel, While being wrought into any
instrument or article, must of course be as soft as possible; but
before being tempered, it must be hardened in the highest degree
in the manner above described, and then tempered or let down b,

raduating the heat applied. The lowest degree of heat (followe

y gradual cooling) reduces the steel least from its high degree of
bardness; while the greatest degree of re-heating, followed by
gradual cooling, makes the steel most soft and ductile. Now as
the heat is applied and incressed, the eteel assumos o different
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colour, owing to the thin film of oxide which appears on the sur-
face, and which reflects the various colours according to its thick-
ness. These various colours may be scen by experiment with a
common knitting needle. First heat it to redness in the flame of
a common spirit lamp or candle, and quench it in cold water.
Hold it now again in the flame, and observe the change of colour,
first of a pale straw yellow, then dark golden yellow, then brown,
purple, bright blue, indigo blue, and very deep blue. Now there
is a definite degree of hardness on the one hand, and of elasticity
on the other, corresponding to cach one of these colours—the
yellow giving the most brittloness and hardness; the blue the
most softness and elasticity ; and the other colours giving the
intermediate results. The pale yellow indicates the temper for
tools for cutting metals; golden yellow for razors and best pen-
knives; brown and purpie for Seissors, axes, chisels, ordinary
kalves, di, ; bright anddeep blae for swords, waich aprings, saws
and other articles requiring great elasticity.

6. Steel admits of a higher polish and i ess liable to rust than
iron. But iron undergocs no change by dry air; itis only in
moist air that it ovidizes and becomes covered with Tust. Galva-
nized iron is made by dipping iron (with a cleaned surface) jnto
melted zinc, and then into melted tin. The coating thus given
prevents rust.

uch are a few of the forms and corapounds of iron, used in every
day life, and the manner and reasons of certain processes in its
manufacture and modifications.)

Mancanese.  Symbol Mn: Eyuivalent 28.

61. What is manganese >—Manganese is a hard,
brittle metal, greyish-white, like cast-iron, resem-
bling iron in several of its properties, in many of
the ores of which it is found. It is never found
native; but in its oxides, next to iron, it is the most
diffused of all the heavy metals, though ravely met
with in considerable quantities. It forms no less
than seven different compounds with oxygen ; and
its oxides are sparsely diffused through nearly all
soils, and traces of them have been detected in the
ashes of most plants. The ashes of oak-bark and
horse-chesnut are rich in oxide of manganese. It
rapidly oxidizes when exposed to the air—its sur-
face becoming covered with a dark-brown rust ; and
it is generally therefore kept in naphtha, like phos-
phorous and potassium.
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(Norz. This metal is extremely difficult to prepare in a state of
purity, and so hard to fuse that it has not been applied to any use.
It is only used in its compounds. The most important of these is
the per-oxide of manganese (Mn O ), which is employed as a cheap
method of procuring oxygen on a large scale, and in enormous
quantities, in the preparation of chlorine from sez salt, or in the
decomposition of common salt for the production of chlorine, and
as a chemical agent in the various arts and manufactures. Pro-
toxide of manganese (Mn 0) is employed for giving a violet colour
to glass, and is the basis of the salts of this metal. One of these
is Very remarkable _On fusing hydrate, or carbonate of potassa,
or nifre, with the black or peroxide of magancse, in an open
vesscl,  dark coloured compound is obtained, long known under
the name of chameleon mineral, because of its yiclding in cold water
a solution, which changes its colours, being successively green,
blue, purple, red, brown, and ultimately deposits a brown powder,
and becomes colourless.

LESSON XIIL
OTHER USEFUL METALS. TIN, COPPER, ZINC, LEAD, MERCURY, GOLD
PLATINUN, AND SILVER.

Nows.—Out of the 66 elementary bodies which chemists have
discovered, L have, in the foregoing lessons, given somo account
of the fifteen which are most connected with the interests and pur-
suits of agriculture, But there are several others which enter o
Targely into social and commercial relaticns, that a brief notice of
them Will, T trust, not be decmed superfluous or nninteresting.)
Tov (Latin, Stannum). Symbol Sn: Equivalent 59.

62. What s tin ?—Tin, next to silver, is the most
beautiful of white metals, is softer than gold, but
harder than lead, slightly ductile, very malleable—
the common tin-Jeaf or foil not being more than one
thousandth part of an inch in thickness. Tin does
not easily oxidize or rust, but long retains its lustre
in either air or water.

Where is tin obtained ?~Tin is never found pnre
in nature ; it is always found in combination with
oxygen or sulphnr (as an oxide or sulphuret), in
rocks and alluvial deposits. It is rather a scarce
metal, found in few gax‘ts of the world in any quan-
tity. Cornwall, in land, is its most abundant
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source, where it is found as tin dioxide or tin-stone.
It has also been found in Spain, Saxony and Bohe-
mia, and has been bronght from Borneo and Malacca.
in India, and from Chili and Mexico. It has not
been found in the United States except a small vein
in the White Mountains of New Hampshire.

Has tin been long in use ?—Yes, tin was in com-
mon use in the time of Moses, as was gold and
silver, brass, iron and lead (Numbers xxxi. 22).
The ancient Pheenicians and Romans employed it
in the manufacture of bronze; and they are sup-
posed to have obtained it from Britain and Spain.

How is tin employed in manufactures >—Tin is
chiefly employed as an aZloy—that is, as a compound
with some other metal. It is extensively used to
protect sheet-iron from the oxidizing or rusting in-

uence of air and liguids. Our common tin ware
is not tin alone, but con: of thin sheets of iron
dipped in melted tin metal. The sheets of iron thus
coated, or rather alloyed with tin, constitute the
well known tin-plate, so useful for innumerable
purposes ; iron chains, &c., are often coated with
tin to prevent their rusting. Tin is also used to
line copper vessels, which may then be cmployed
without danger to cook any kind of food. ~Pins,
which are made of brass, are coated with a very
thin covering of tin by a chemical process, by whiclt
they are boiled for a few minutes in a solution called
tinning liquor, consisting of common salt, alum, bi-
tartrate of potassa, with water, to which are added
tin filings, or finely granulated tin. The pins soon.
become coated with a film of tin and are taken ont,
cleaned and Tin combined with antimony
and copper forms Britannia mnetal.

(Nors.—Alloys which contain mercury (quick silver) are called
amalgams. An amalgam of tin with mereury is used for silvering
the backs of mirrors, or lookiog-glasses; and an amalgam of tin

&
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and zine with mercnry is used to excite electrical machines. Otber

alloys of tin will be noticed under copper.)

Coreex (Latin, Cuprum). Symbol Cu: Eyuiva-
lent 32.

63. What is copper ?—Copper is a tough, mal-
leable metal ; the only metal of a red colour; next
to gold, silver, and platinum, the most malleable
and duetile of metals, and therefore mmch used in
the forms of sheet and wire ; more elastie than any
metal except steel; and the most sonorous of all
metals.

Where is copper found ?— The richest co?per
mines are those of Cornwall, in England, which
are supposed to have been worked long before the
Christian era. Tt is an abundant metal found in
various countries, as Sweden, Gernmany, Rnssia,
South Australia, Chili, Cuba, &e., and there is
mueh of it in the neighbowrliood of Take Superior,
one pieee of whieh was taken to Washingtou, and
weighed 3,404 pounds.

Ln what state is copper found 2—Copper is often
found native (as in the region of Lake Superior);
and lenee it became known to the ancients long
before iron, whieh required science and skill to
reduce it to the metallic ft But copper more
frequently oecurs in ores,of which there are several
kinds. Of these the most important are the va-
rieties of copper pyrites—a double sulphuret of
iron and eopper (Cn, S ) ; that is an ore in
which the sulphu ly combined with
both of these metals—the partieles of the two sul-
phurets or sulphides being most intimately mingled
together. There arealso other ores of copper—red
or cuprous oxide (Cu, O), pure enprons sulphide
(Cu8), carbonate or malachite (2 (Cu 0)C O, HO).
Large quantities of valuable ore, chiefly carbonate
and red oxide, have been of late years taken to Eng-
land, from South Australia and Chili.

£
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How is copper used ?—Copper is largely used in
sheathing ships, as it docs not tarnish or oxidize as
easily as iron; it is also worked into a variety of
domestic ntensils, as tea-kettles, boilers, sancepans,
&e., &c., and is employed for various mechanical
and artistical purposes,

(Nore.—Vegetable acids dissolve copper in a cold state, but not
in a hot sfate. Suuces containing vinegar or anything tart, and
preserved fruits and jellies, should not thereforé be allowed to
remain in copper vessels, as the salts produced are poisonous.)

Does copper combine with other metals >—Copper
combines with several metals, as tin, zine, lead, &e.,
to form many useful alloys. Bronze, which was
especially used in ancient times for the fabrication
of utensils and works of art of every kind, consists
of from 85 to 97 per cent. of copper and from 15
to 3 per cent. of #in. GuN-METAT, of which cannons
are cast, contains 90 per cent. of copper, with 10

er cent. of #in. BELL-METAL and GONG-METAL are
ormed of 75 to 80 parts copper and 25 to 20 fin.
SrEcULUM-METAL, With which mirrors of telescopes
are made, consists of 2 parts of copper and 1 of tin.
The speculum of Lord Rosse’s celebrated telescope
is QomYOS(’d of 1264 of copper to 580 of #in. Brass
is an alloy of eopper and zinc-—T1 per cent. of the
former and 29 per cent. of the latter. -BRASS,
termed fombac, Dutch-gold, and pinchbeck, consists
of 85 per cent. of copper to 15 per cent. of zine.
GERMAN-SILVER consists of 2 parts of copper, 1 of
nickel, and 1 of zinc. Gold and silver coin is
alloyed with from one-tenth to one-twelfth of
copper, by which its hardness and wearing are
greatly improved.

(Nore.—The several compounds of copper are not noticed.)

Zise.  Symbol Zn : Fguivalent 33.

64, What is zine ?—Zinc is an abundant and use-
ful metal of bluish-white, colour, of bright metallic
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lustre, closely resembling magnesium in its chemical
character. At low and high degrees of heat, it is
naturally so hard and brittle as not to be workable;
when heated to between 250° and 320° it becomes
malleable and ductile, and may be easily hammered
and rolled into leaves, and drawn into wire; and
what is remarkable, it afterwards retains this malle-
ability and ductility when cold. But if heated to
a high degree, zinc again becomes brittle. Tt is
harder and lighter than lead, cheaper than copper,
and not affected by the air and water so readily as
iron.

Where is zine obtained ?—Zine is found abun-
dantly in Great Britain and on the continent of
Europe, and also in immense quantities in the State
of New Jersey.

In what state is zine found ?>—Zine is found in
a state of carbonate, silicite, and sulphide, associated
with lead ores in many distriets. The chief ores
are the sulphide or zine-blende, and the carbonate
usually called calamine.

Llow is zine employed >—Zinc is employed in the
form of sheets for roofing, gutters, gas-pipes, gaso-
meters, lining refrigerators, sinks, &ec., &c., protect-
ing the floor or carpet from the heat of stoves, and
in various other ways, It is also msed by the
chemist for preparing hydrogen, and in galvanic
batteries, It is likewise used as a protecting cover-
ing for iron. The sheets of iron are plunged into
1elted zine covered with sal-ammonia, which keeps
the surface of the zinc free from oxide and allows
the two metals to unite. Iron thus coated with zine
is said to be galvanized, and is called galvanized-iron.

(Notes.—1. Under the head of copper, it has been shown that
zine is a constituent of byass and German silver. Among the com-
pounds of this metal, it may be remarked that sulphate of zinc
(Zn 0, 8 0y) is the white vitriol of commerce.

2. Zinc sheets shauld be riveted with zinc nails, not s is some-
times the case with iron or copper nails, the contact of which with
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zine tends to destroy it by electric action. Indeed any of the
common metals in metallic contact with zine tend to produce its
oxidation.

3. It may appear singular that while zinc itself taraishes or
oxidizes in air or moisture, it shonld be nsed as a protecting cover-
ing to iron against rust. This arises from the difference between
the rusting of the two metals. When iron oxidizes on exposure to
dampness, the oxidation goes into the very body of the iron, eating
it, 85 it is commouly expressed; bnt when zinc oxidizes or tar-
nishes, a thin film is formed on its surface—hydrated oxide; and
when zinc once becomes coated with this thin film of rust, it nnder-
goes o further change; the film protects the zine from any further
action of the oxygen of the air, while iron rust eats in and in until
it destroys the metal. The same thing is also true of tin. The
tarnishing of tin itself is the same as that of zinc, hut the rusting
of tin-ware is different. This takes place only when tho iron cov-
ered hy the tin comes into coatact with the air, by some defect in
the covering, or wearing off of the tin, or its removal in any spot
by contact with some hard body. No sooner is any portion of the
tin so worn or rubbed off by friction or otherwise, as to dennde
the iron and thns expose it to the air than a spot of rust appears
and rapidly extends, soon making a hole throngh the sheet. Thus
RN d e iR e o LMol mctala e o AF anyw hea
exposed, has an increased tendency to oxidation. Hence the snpe-
riority of iron plates, or sheets covered with zinc, over those
covered with tin—the zine being an electro-positive, and tin an
electro-negative in regard to iron exposed to air or water.)

Leao (Latin, Plumbum). Symbol Pb: Eyuiva-
lent 104.

66. Describe lead.—Lead is a very soft, flexible
metal of blnish-gray colour, very malleable but not
very ductile; has little tenacity, and is not elastic.
In the air a film of oxide is rapidly formed on lead,
as on zine, and protects it from further corrosion.
Lead contracts on solidifying, which renders it unfit
for castings. Next to iron, lead is the most abnn-
dant metal, is proverbially heavy, and is used for a
great variety of pnrposes.

67. How is lead found ?>—Tead does not occur
free in nature. There are many kinds of lead ores
and extensive lead mines in many different coun-
tries ; but the ore from which all the lead of com-
merce is extracted is its sulphide or sulphuret,
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composed of 104 parts lead and 16 sulphur, and
which is the galena of mineralogists.

68. Mention some of the compounds of lead—
There are four definite combinations of lead with
oxygen—forming oxides ; and the protoxide of lead
forms several salts, with the acids. I will mention
two or three. Protowide of lead (Pb O)is made
to assume different colours and is used for different
purposes. When lead is heated in air a yelow
powder is formed, which is called massicot, and
which is sometimes used by painters, and in the
composition of ointments and plasters of the apothe-
cary. If massicot be melted it erystallizes on cool-
ing into a reddish-yellow or brick-red coloured mass,
composed of brilliant scales or flakes, and is called
litharge. This is extensively used in the arts; in
the manufacture of flint glass, conferring on it bril-
liancy and fusibility ; in forming with linseed oil
the varnish of the cabinet-maker; in making, on
being boiled in oil, the sticking plaster of the sur-
geon ; in the mannfacture of red lead, white lead,
&e., &e.  When the massicot is heated to low-red-
ness with a current of air flowing over its surface,
it forms red lead, or minium, which is of a beautiful
red colour, and used in painting, forming a cheap
substitute for vermillion, ~ I7ite lead, so extensively
used as a white paint and to give body to other
paints, is a carbonate or salt of lead (Pb O, C O,).

69, State some of the alloys of l2ad.—Lead, like
copper, torms with other metals useful alloys. Ziype-
metal is an alloy of lead and antimony.  L'in work-
er’s solder consists of but equal parts of lead and tin ;
but the 2Zuanber’s solder is composed of two parts
of lead to one of tin; common pewter is composed
of three parts of tin to one of lead. Zead shot are
composed of an alloy of lead and arsenic. Shot is
made by pouring melted lead through an iron cul-
lender or strainer, d with holes ding
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to the desired size of the shot; and the drops are
let fall from snch a height that they solidify before
reaching the water. A small guantity of arsenic
is added to the lead to render the drops perfectly
globular.

LESSON XIV.
THE NOBLE NETALS—MERCURY, SILVER, PLATINUM, AND GOLD.
70. MERCURY 0R QuicksiLvER (Latin /7ydrargyrum).
Symbol: Mg : Fyuivalent 100,

cury, silver, plationm and gold are called noble

that is,"combine with oxygen of

(Nows.—Mercury
metals, becanse they do not rust-
the air at ordinary temperature

Megrcury is a silvery-white metal of a very
brilliant metallic lustre. It is distingnished from
all other elements by being liguidjat ordinary tem-
peratures. From its liqnid character and silver
colour it was called hydrargyrom (from Audor,
water, or liquid, and arguiron, silver), and has
received the ordinary name of ‘guicksilver. It
becomes solid or freezes only at forty ees
below zero. Urlike water, it contracts instead of
expanding at the moment of congelation.

Mercury is sometimes found  native, but it is
chiefly obtained from an ore called cinnabar, which
is a sulphide of mercury. [tlis found in small
quantities

o

in England and France, in Siberia, the
dast Indies, and in South America; but the prin-
cipal mines from which it has been obtained are
those of Idria, in THyria, and Almaden, in Spain,
aund in China and Japan. Latterly it has been dis-
covered in great abundance and purity in California
and Australia.

Meremry is extensively nsed in the construction
of thermometers and barometers, and for extracting




(€3 PREPARATORY KNOWLEDGE.

2old and silver from their ores. With tin it forms
an amalgam for silvering mirrors, and with tin and
zine it forms the amalgam for electrical machines.
The compounds of mercury, thongh poisonous, are
nsed as medicines and for many other purposes.
Calomel is a compound of mercury and chlorine
subchloride of mercury (Hg,Cl), as is corrosive
sublimate—chloride of mercury. ~ Vermillion is sul-
phide of mercury (IIg 8). Merenryis a constituent
of numerous other componnds and amalgams, and
is employed for varions medicinal, artistical and
mechanical purpose:

71. Siwver (Latin, Argentum). Symbol Ag:
Eguivalent 108,

Silver is the whitest of metals and second to none
in lustre, which it does not lose in pure air at any
temperature. It is very malleable, and so ductile
that a single grain may be drawn into a wire $00
feet long. In malleability and ductility it is only
inferior to gold.  Silver is found in the native state,
as well as combined with sulphur and chlorine, as a
sulphide, and chloride. Its mines are discovered
and worked in various countries.

Silver is used in every country for coin and for
various articles of utility and ornament. Silver
coin is always alloyed with copper to increase its
hardness and to resist the wear of use. In Great
Britain the standard silver coin is composed of one-
eleventh copper ; in France and the United States
one-tenth ; in Prussia twenty-five per cent.

Silver does not oxidize or rust in air or water ;
Dut it becomes Zarnished from the action upon it of
liydro-sulphuric acid, traces of which the air always
contains, derived from organic bodies. The gas is
also produced during the combustion of mineral
coal, and escapes from the stoves, furnaces and
grates into the rooms or cabinets where articles of
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silver are kept. It is because they contain a small
quantity of snlphnr, that eggs, mnstard and horse-
radish tarnish silver spoons. Silver forms com-
ponnds with oxygen, sulphur, chlorine, iodine, and
bromine, all of which are darkened by the action
of the light—a property which contributes to the
beantitul processes of photography.
Pranwos.  Symbol Pt: Eyuivalent 99,

72. Platinum is the heaviest of known metals
(except iridinm), being twice as heavy as silver;
has a bright colonr like that of steel ; is very duc-
tile and malleable like gold; cannot be melted by
the heat of the hottest furnace; can only be melted
by the oxyhydrogen Dblow-pipe; is about half as
malleable as gold; does not tarnish by exposnre
to the air, or to any acid except aqna regia—a
mixtire of nitric and hydrochloric acids. It is
harder than copper but softer than iron. Being
very malleable and ductile, it can be easily wrought
into vessels,

Notes.—1. The crucibles of the chemist are often made of
platinum, and it is also used in the manufacture of oil of vitriol,
and in enamelling on glass and porcelain.

2, Platinum forms several alloys with iron, copper, silver, zinc,

lead, c.)
73. Gorp (Latin Awurum). Symbol Au: FEguiva-
lent 98,

Gold is the most precious and widely diffused of
all metals—being found in most conntries. Tt is of
a bright yellow colour, and so malleable that it may
be extended into leaves two hundred and eighty-two
thonsandths of an inch in thickness, or so thin that
1200 of them pressed together would be no thicker
than a leaf of this book, and it is so duetile that a
single grain may be drawn into 500 feet of wire.
It does not tarnish by exposure to air or any acid
except aqua regia.

(Nores.—1. The various uses of gold are too well known ta
l'equireagxplanﬂtion.
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Gold occurs in nature in the metallic state, sometimes beau-
tlfnl]y crystallized. It is found disseminated in primitive rocks
d in the sands of the beds of rivers, formed by streams from the
mineral veins of rocky monntains, When these sands are washed,
the gold dnst being of greater specific gravity than the sand, is
left bebind, while the sand is washed away.

LESSON XV

KINDS OF SOIL.

(Nore.—I have now given some account of the two kinds of sub
stances—organic and inorganic—which exist in nature; the pro-
portions of these substances in soils, plants and animals; the
organic constituents of plants and animals; the fifteen elementary
substances with which the farmer has to do, their names, symbols,
equivalent numbers; the definite proportions in which they com.
bine to form acids, bases, salte, dc., together with defioitioos of
~various terms and terminations, To the description of the ffteen
non-metallic and metallic substances with which the farmer bas to
do, 1 have added, in lessons X111 and XIV., a brief account of
other useful metals which enter into the commerce and business of
every-day life. There are two more preparatory subjects of which
the farmer should have some knowledge—namely, the kinds of
soils and the structure of plants.)

T4, What is the soil >—The soil is that part of
the earth’s surface which is tilled for agricultural
purposes, and which is reached and stirred by agri-
cultural tools.

5. How is the soil inade up ?—The soil is made
np of various kinds of earth, of which the three
most important are sélicious earth, or sand ; argil-
laceous earth, or clay ; and caleareous earth, or that
made of llmeston?, which has been shown in lesson
X. to be carbonate of lime. The mixture of these
three different kinds of earth with various vegetable
and animal snbstances, forms most of the different
kinds of soils,

6. What is the origin of soil >—As soils consist
of mineral and vegetable substances (as shown in
lesson 11.) they originate in the decomposition of
rocks and the decay of vegetables. The surface of
the rocks Jeft exposed to the action of winds, rains
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and frosts, snmmer and winter, by degrees crumbles
away. The natural crumbling of the naked rock
gradually covers it with loose materials, in which
secds fall and vegetate, and thus a soil is eventually
formed.

7. How is it known that soils originate in the
decomposition of rocks ?—Because the soils of a
country resemble the rocks beneath them. The
geologist, as he travels over and investigates the
nature of the rocks beneath the earth’s surface, finds,
by comparison of the different kinds of rocks, ** that
they are all cither sandstones, limestones, or clays
of different degrees of hardness, or a mixture in
different proportions of two or more of these kinds
of matter;” and on analyzing the soils, he finds that
they have a resemblance to the rocks beneath them.
usion (says Professor Johnston) is there-
i ible, that soils, generally speaking, ha
been formed by the decay of solid rocks”™— that
the accumulation of soil has been the slow result of
the natural wearing away of the solid crust of the
globe.” *The soil thus produced partak
rily of the chemical character an(} compo
the rock on which it rests, and to the crumbling of
which it owes its origin. If the rock be a sand-
stone, the soil is sandy ; if a claystone, the soil is
more or less stiff'; if a limestone, the soil is more or
less caleareons ; and if the rock consist of any pecn-
liar mixtare of those three snbstances, a similar
mixture is observed in the earthy matter into which
it has crnmbled.”

(Nore.—From these remarks may be inferred the infimate and
important relations between agriculture and geology. Sce the
6th chapter of Johuston's Agricultural Chemistry on the  Direct
velations of Geology to Agriculture.”)

8. What is the organic {»art of soils >—The
organic part of soils is that which is’chiefly derived
from the decayed remains of vegetables or animals
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which have lived or died upon the soil; or which
have been spread over it by rains orrivers ; or which
have been added as a manure, by the hands of 1

70, IHow are soils classified >—Some have classifi
soils by their predominant characteristic—terming
that, 7ocky soil which abounds in large boulders,
and that  stoney soil whose surface abounds with
stones of smaller sizes; then clay, sandy, gravelly
loamy, vegetable, peaty soil, &e. The following
is an abridgment of the classification of soils by
r Johnston, based principally upon their
chemical constituents :—

1. Lure clay (pipe clay) consisting of about 60
per cent of silica and 40 of alumina and oxide of
ivon, for the most part chemically combined. It
allows no tree sand to subside when ditfused through
water, and rarely forms any extent of soil.

(Note.—For the constituents of silica, alumina, oxide of iron
and free sand, see lesson XL, nnder the articles aluminum and
silicon, and lesson XII., under the article iron.)

3. Strongest clay soil (tile clay, unctuous clay)
consists of pure clay mixed with 5 to 15 per cent.
of free sand, which can be separated from it by
boiling and decantation.

4. Clay loam differs from clay soil, in allowing
from 15 to 30 per cent. of free sand to be separated
from it by washing, as above described. By this
admixture of sand, its parts are mechanically sepa-
rated, and hence its freer and more friable nature.

4. A loamy soil deposits from 30 to 60 per cent.
of sand by mechanical washing.

5. A sandy loam contains from 60 to 90 per cent.
of sand ; ané

6. A sandy soil contains not more than 10 per
cent. of pure clay.

But the above classification has reference only to
the clay and sand, while we know that lime is an
important constituent of soils, of which they are
seldom entirvely destitute. We have therefore,
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7. Marly soils, in which the proportion of lime is
more than 5 per cent. but does not exceed 20 per
cent. of the whole weight of dry soil. The marl is
a*sandy, loamy, or clay marl, according to the
proportion of clay it contains would place it under
one or the other denomination, supposing it to be
entirely free from lime, or not to contain more than
5 per cent.; and

8. Calcareous soils, in which the lime exceeding
20 per cent. becomes the distinguishing constitnent.
These are called caleareous clays, calcareons loams,
or calcareous sands, according to the proportion of
clay and sand which are present in them.

astly, vegetable matter is sometimes the charac-
teristic of the soil, which gives rise to another
division of

9. Vegetable moulds, which are of various kinds,
from the garden mould which contains from 5 to 10
per cent., to the peaty soil, in which the organic
matter may amount to 60 or 70 per cent. These
soils also are clayey, loamy, or sandy, according
to the predominant character of the earthy admix-
tures.

Norzs.—1, The mode of examining, with the view of naming
the first six kinds of soil above mentioned, is very simple, and is
thus stated by Professor Johuston: “ It is only necessary to spread
a weighed quantity of the soil in a thin layer upon writing paper,
and, to dry it for an hour or two in an oven or upon a hot plate,
the heat of which is not sufficient to discolour the paper—the loss
of weight gives the water contained. While this is dvying, a
second weighed portion may be hoiled, or otherwise thoroughly
incorporated with water, and the whole then poured into a vessel,
in which the heavy sand parts are allowed to subside until the fine
clay is beginning 1o settle also. This point must be carefully
watched, the liquid then poured off, and the sand collected, dried
as before upon paper, and again weighed. This weight is the
quantity of sand in the known weight of moist soil, which by the
previous experiment has heen found to contain a certain quantity
of water.”

2. To determine the quantity of lime in marly and caleareous
soils, the following directions are given: “To 100 grains of the dry
soils diffused through half a pint of cold water, add half a glassful
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of muriatic aid, (the spirit of salts of the shops) stir it occasionally
during the day, and let it stand over night to settle. Pour off the
clear liquor in the worning and fill up the vessel with water to
wash away the excess of acid. When the water is again (‘!ear.
pour it off, dry the soil and weigh it—the loss will amount géner-
ally to one per cent. more than the quantity of lime present. Th

vesult will be sufficicutly near, however, for the purposes of classi
fication, If the loss exceed 5 grains from the 100 of the dry soil,
it may be classed among the marls; if more than 20 grains, among
the calcarcons soils.”

3. “The method of determining (says Johnston) the amount of
vegetable matter for the purposes of classification, is to dry the soil
well in an oven, and weigh it, then to heat it to dull redness over
a lamp ov a bright five, till the combustible matter is carried away.
The loss, on again weighing, is the guantity of organic matter.”

LESSON XVI.
STRUCTURE OF PLANTS AND OFFICES OF THEIR ORGANS,

(Nore.—In lesson IL T have stated the organic constitueats of
plants. T now propose to give some account of the parts and
structure of the plants which it is the chief object of the farmer to
produce. It is scarcely more important for the builder, in order to
o his work, to master the plans and specifications of the architect,
than for the farmer to acquaint himself with the structure, elements
and habits of the plants ou the right culture of which his wealth
80 essentially depends.)

80. What are the principal parts of plants?—
Plants consist chiefly of three parts—the root, the
stem, and the leaves.

SL. What are these parts of a plant called ?—
These parts are called the organs of the plant—the
instruments of its growth, (as the mouth, teeth,
stomach, arteries and veins are the organs or instru-
ments of life and growth in the animal economy)
and are, theretore, called the organs of vegetation.

82. But do not_plants consist also of flowers,
and fruit, and seed ?—Plants produce flowers, from
which comes the fruit, and from this the seed ; but
these take no part in nourishing the plant. Their
use is fo reproduce, multiply and perpetnate the
species, and they ave therefore called organs of
reproduction.
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83. What is the root #—The root is the part
which grows from the light into the carth, gives
the plaut foothold, and the means of nourishment.
The root usually branches into smaller roots, and
rootlets, and fibres, more and more slender; the
cells along the sides and at the end of which are
the real mouths by which most of the food of the
plant enters into its circulation.

(Note.—The roots of plants are as infinitely diversified in size,
shape and form, as the branches and tops. When the roots pro.
duce fruit and die in the same scason, the plants are termed
annuals, as wheat, oats, barley, and many others; when the plants
grow two years from the satne roots, tbey are called bicnnials ;
and when the plants grow for a succession of years from the same
roots, they arc called perennials).

8. What is the stem >—The stem is the part of
the plant which grows upwards into the air and
light, and Dears the branches, leaves, flowers and
fruit.

(Nogs.—1. The point at or near the surface of the ground,

where the roof and stem join, is called the crown or collar of the
plant.
B et roota 01"A plack, greatly.Yary, In kizs, length, form,
duration, &c., so the same variety prevails in the stem, which ix
varionsly named according to the appearance it presents: for in
stance, the stem of a tree i3 termed the trunk; the stems of wheat,
barley, rye, and the grasses, are termed straw; the stems of Tndian
corn are called stalks; the stem of the strawberry is termed the
runner ; the stem of the grape and the melon is called the vine.)

§5. What are the parts of the stem ?~—The parts
of the stem are the pith, the wood, and the bark—
the garment or protecting covering of the wood.

(Nores—1, The forms, offices, and various growth of the differ-
ent parts of the stems of plants, are treated at large in works on
Botany and Vegetable Physiology.

s, "The stemecof anme plants, like the animal body, grow hy the
increase and formation of new material within, a3 Indian corn,
wheat, oats, barley, rye, the onion, asparagus, all the grasses, dc.
The new fibres as they continually form, grow in the inside of the
stem. These plants are called endogenous plants—the word endo-
genous meaning, in plain English, insidegrouers.

3. But those plants whose stems grow by the formation of new
tissue near the outside of the stem, are called ezogenous plants—
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outside growers ; such as the forest trees, the bean, the pea, the
clover, potato, beet, turnip, flax, &c. In plants that live and grow
many years, as trees and shrubs, a new layer is added to the wood
on the outside, next the bark, every year as long as the tree or
slirub lives, The new ring of fibre, always formed on the outside
of the old ones, may be seen in many agricultural plants, as, for
example, the potatoe and bect; but it is more obvious in plants of
harder texture and larger growth, The inner or heart-wood of a
tree soon dies. The sap-wood is the only active part; “and this,
with the inner bark, which is renewed from its inner face every
year, is all of the trunk that is concerned in the life and growth of
the tree.” Gray, in his Botany for Young People, remarks, that
“Plants with exogenous or ontside-growing stems, especially those
that live year after year, almost always branch freely. All com.
mon shrubs and trees of the exogenous class make a new set of
branches every year, and so present an appearance very different
from that of most of those of the endogenous or insidegrowing
class.”

4. By observing the layers of wood, the age of a tree may be

readily ascertained. A striking illustration of this is given by
Adamson, who relates that in visiting Cape Verde in the year
1748, hie was struck with the venerable appearance of a tree 50
feet in circumference. e recollected having read in some old
voyages an account of an inscription on a tree thus sitvated. No.
traces of such an inscription remained, but the position having
been accurately described, Adamson, was induced to search for it
by cutting into the tree, when to his extreme delight, he discovered
the inseription entire under no less than three bundred layers of
wood—proving that each new layer is formed on the outside of
the last preceding one, and that the inscription had been made
three hundred years before.)
86. What are the leaves >—The leaves (which
make the foliage) are generally flat and green bodies,
variously shaped, one side upwards to the sky, and
the other downwards towards the ground ; they are
intersected with ribs or veins, and their surface on
both sides is covered with a coating (called epider-
mis) which is provided with numberless invisible
(to the eye) stomata, mouths, or * breathing pores,”
by means of which the intercellular spaces in the
interior of the leaf arc bronght into direct com-
munication with the outer atmosphere.

(Notes.—1, These stomata or mouths or pores, are Wanting in
the submerged leaves of aquatic or water plants; but are found on
the upper surfaces of floating leaves. They are mostly absent
from {he upper surfaces of land plants, exposed to the heat of the
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sun; while they exist in great numbers on the lower and shady
side of all green leaves. Abont 100,000 may he counted on an
averaged size apple-leaf.

2. The colour of the leaves, as long as their vegetative activity
continues, is green; the loss of activity in autumn, on the maturing
of the plant in case of cereal grains, or in case of the foliage of
deciduous trees, is connected With the cessation of growth and
death of the leaf.

3. There are, however, some plants whose foliage is other than
a green colonr during the period of active growth, such as red,
browa, white, &e.; but these ave mostly cultivated by florists for
ornamental purposes.

4. Leaves are attached to the stem, for the most part in two
ways; alternately, when they follow each other one by one as in
the Morning Glory; or opposite, when they are in pairs, two on
cach joint of the stem, one opposite the other, as in the Maple.
But in some instances three, four, or more leaves ara found on the
same joint of stem. The variety in the forms of leaves in differ-
ent plants affords easy means for distingaishing one species from
another,

87. What are the ofices or the functions of the
leaves ?—T'he leaves are the Jungs of the plant, and
pertorm the same offices in the vegetable kingdom
as the lungs in the animal kingdom; they are the
organs through which the air, and light and heat of
the sun act upon the sap which comes into them
from the ground throngh the roots and stem.

(Nores.—1. In lesson I11. I have described the organic con-
stituents of plants; and in lesson VII. I have shown that these
constituents are composed of oxygen, hydrogen, carbon and nitrogen.
The air consists of oxygen and nitrouen, and water of oxygen and
hydrogen. The nitrogen is supposed to be obtained directly from
the s0il by the roots of the plant; hut the carbon (in the form of
carbonic acid) oxygen and hydrogen and chiefly absorbed by the
Jeaves, thongh in part by the roots from the soil. Through the
surface of the leaves the superfluous moisture from the water im-
bibed by the roots is evaporated, and oxygen gas is thrown ot
into the air, and carbounic acid and other gases for the nourishment
of the plant are absorbed. The sap changed by these actions of
the elements, is carried back down into the stem, and converted,
by the vital action of the plant, into wood, bark, new branches,
branchlets, leaves and fruits, and whatever else is produced by the

lant,
) 2. The leaves apart from their offices of nutriment, growth and
froitfulness, afford beavtiful and refreshing shade from the heat of
the sun. The removal of green leaves from a tree would destroy
its growth, as well as its shade.)
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88, What is the flower 2—The flower is an organ
or collection of organs, by means of which the seeds
are prepared ; one great object of the plant bein :
the production of fruit containing seeds.

(Nore.—There are peculiar attractions to the study of flowers
so universally admived and chevished from their beauty and
fragrance, the exquisite arrangement and forms of their parts, and
the endless varicty they exhibit,)

89. What arve the parts of the flower >—By ex-
amining a rose, one will see that the flower consists
of calyz, corolla, stamens and pistils.

90. Describe each of these parts of the flowers 2—
1. Outside of the leaves of the flower, is the calyw,
(a Latin name for a cup) which consists of several
(usually five) leaves, which form a cup, to protect
all the parts of the flower before they are ready to
open. These leaves are called s¢pals, and are gen-
erally green, thongh in the Fuchia they are white
or red.

2. Inside the calyx in the corolla (crown), con-
sisting of flower leaves, called petals, of delicate
texture and beautiful colonr, and these chiefly give
beanty to the flower.

3. Next inside the corolla ave the stainens, which
grow fast to the bottom of the corolla or crown,
and are slender thread-like organs of a pale yellow
colour, Each stamen consist of two parts—a fila-
ment and anther. The filoment is the stalk of the
stamen, and the anticr is a little sack, full of yellow
powdery matter, called pollen—essential to the fer-
tility of seeds.

4. Inside the stamens, in the middle of the flower,
are the pistils—the organs in which the seeds are
formed.” The pistils are various in form and num-
ber; but each pistil has at its base a seed-vessel,
called ovary, which contains orules (little eggs) or
yonng seeds. The ovary, or seed-vessel, tapers into



PREPARATORY KNOWLEDGE. Kl

a slender body called the style, tipped with a deli-
cate crest called the stigma, which is usnally tender
and moist when the flower is in perfection.

(Norrs, —1. These are all the parts which any flower has; but
many flowers have not all these parts. Some have only one
flower-cup, or one set of blossom leaves, as the lilies, Some have
no corolla, as the flower of buckwheat; some have neither calyx
por corolla; some stamens have no filament, and some pistils have
no style. The style and the filament are not essential parts of the
flower; but the anthor, the ovary, and the stigna, are essential
Everybody is familiar with the root, stem and leaves of plants;
if the reader will commit to memory and become as familiar with
the names of these parts of the flower, calyx, corolla, stamens,
pistils, and the parts of these also, and learn to distinguish them
in all common blossoms he may meet with, he will have mastered
the germ or rudiments of floral Botany, and will have acquired the
means of much _entertainment and pleasure inthis visits to every
garden and his labours in every field and forest.

2. Thegrand fanction of the flower is fructification, and the parts

essential to’this are the stamens and’pistils. = The fertilizingdust,
or pollen of the anther, carried by the wind,,insects;or other agen:
cies, falls upon the moist stigma or naked tip of the pisti/, and
sends out & slender microscopic tube or root, which penetrates the
interior of the pistil to the style or base until it cnters the ovary,
or seed-sack, and comes in contact with the ovnle (little egg) or
young seed, which it fertilizes, by producing within it an cmbiyo,
or minute future plant.
113. When the seeds ave fertilized, the flower, having fulfilled its
functions, begins to fade ; the corolla and stamens usually fall off
or wither, while the base of the pistil, the ovary and included ovules
(egg seeds,) swells and rapidly increases in size until the sceds are
Tipe, or become fruit, when the ovary or seed-sack,falls to the
ground, or opens to release its contents,

4. Whatever contains the sced is calledjthe fruit of the plant.
In case of some seeds each kernel is at the same time both a seed
and fruit, as wheat, rye, barley, &c; but for the most part, the
fruit contains several o many sceds, as the bean or pea pod, apple,
“pear, melon,

5. The fruit is the ripened ovary, or seed-vessel with its appen-
dages, and may be a berry, a grain, & pod, & nut, such as the
acorn, chestunt, beech-nut, hazel-nut (the cup of the acorn and the
burr of the others being a sort of fleshy calyx; a stone fruit, such
2s the peach, cherry, plum, walnut, butter-nut, and_hickory nut.
Thus the ovary or seed-vessel ripened, consisting of the base of
the pistil in its matured state (says Johnston), exbibits a great
variety of forms and characters, which serve chiefly to define the
different kinds of fruit.
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6. In this summary notice of the flower—one of the most beau-
tiful creations of divine goodness; the reader can hardly have
failed to admire and even adore the display of infinite skill and
benevolence, as also in the works and laws of nature referred to
in preceding lessons. The reason, and principle, and even modes
of many of these operations, are beyond the search and compre-
HEnEIon afimi liat avh B OGS [k i) R S r Y
1f every page of the flower book of nature abounds in mysteries,
the higher book of revelation could not have orginated with the
Author of nature were it without mysteries.
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notes, in i
preceding lessons, T now proceed to the more formal and extended
application of them to tho business and interests of tho farmer
and in doing so I will embody in the plainest and hricfest manner
T can the results of my own observations, and examination of the
latest and most accepted works on agricultare published both in
England and America, (it being always understood that I pretend
to advance no further than first lessons,) with a view of dignify-
ing agricultural pursuits, and of prompting farmers to improved
S o AT AL A A (s T T RS
practical science of agriculture, - Having. explained the nature of
the elementary substances with which the farmer has to do, and
organic and mineral constitueats of hoth soils and plants, the first
step in the practical application is, to ascertain the proportions,
of these substances in hoth soils and plants, and the relations of
the one to the other.)

(Norz.—~Though I have made many practical remarks in the
with the definiti and i of the

LESSON XVII.
COMPOSITION OF SOILS AND PLANTS /ND THEIR RELATIONS TO EACH
ommER.

91, What has been shown by chemical analysis to
be the composition of rich and poor soils >—The
following table shows the composition of soil fertile
without and with manure, and very barren:
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Wirnou: WITE
ANURE,

L3 OxE HUNDRED PovsDs,

Organic matter .............
silica ... 000000
Alumina ..

Lime .
Magnesia .
Oxide of Tron .
Oxide of Manganese.
otash
Soda......
Chlorine .. ...
Sulphuric Acid
Phosphoric Aci
Carbonic Acid

4.
Loss during analysis ........ 1

(Nores,—1. By turning to lesson II., page 17, the reader will
see that I have shown how to distinguish between the organic and
inorganic parts of plants, and that the average per cent. of organic
matter in good soils is from 5 to 10, the proportion of organic
mater stated in the above table—the remaining 90 to 95 per cent.
of the soil being inorganic or mineral watter, except in peat lands,

2. 1t will also be observed that the inorganic substances named
he above table, are the_same which 1 have mentioned in lesson
, page 27, in describing acids, and in lessons IX and X., pages
43-47, under the heads of Lime, Potash and Soda, a3 contained in
farm productions,

3. Iivery farmer knows the existence of the differences of soils
wentioned iu_the above table. In the third column one half of
the inorganic bodies present in the first column are entirely want-
ing, and iwo others, lime and magnesia, are reduced to a minimum,
To apply a sufficient quantity of mannres to make the very barren.
soils fertile, would not pay, except in places where produce is high
and manures cheap. The above table shows clearly the differences
in soils which cause fertility and barreoness. The barren soil is
barren because of an excess or deficiency of certain substances.
Agricultural chemistry’is competent to ascertain the defect and
prescribe the remedy, the application of which becomes simply a
question of expense.

92. What has been shown to be the composition
of the chicf productions of the farm ?—The ap-
proximate composition of the most common culti-
vated crops is shown in the following table, which
has been constructed chiefly by Srreseer, and
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partly by Joknston, quoted from the New Ainerican
Book of the Furm :
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(Notes.—1. By comparing the preceding two tables, it will be
seen that soils contain the same substances as the crops which grow
in them.

2. But it will be noticed that the ashes of the different grains
and roots vary much in composition. Phosphoric acid is the chief
ingredient in the ashes of the grains, wheat, corn, rye and oats,
but not so with the vegetables, potatoes and turnips ; while potash
exists in large proportion in all, but more largely in the vegetables
than in the grains. Phosphoric acid is the largest ingredient in
rye and oats’; and the same is true of barley and buckwheat ; but
& very small per centage of it is found in the straw. In the grain,
there is less than one and a balf per ceat. of silica, while in the
straw there is a very large percentage. It is silica that gives
strength and elasticity to straw. Wheat straw, on account of its
baving to bear a heavy head, requires more strength than that of
hay; the silica in the former is nearly twice that of the latter,
in addition to the straw being hollow for obvious reasons, this is
one of the many indications of design and wisdom in the works
and laws of nature, though more strictly speaking in the works
and laws of God.

3. Without eatering into further details, I may remark, that b
comparing the preceding tables, it will be seen that in the ashes of
grains, phosphoric acid predominates, but in those of roots, potash
and soda abound; that lime is all important to the grasses, and
silica to the straws ; while the other ingeedients, though small in
quality, are, nevertheless, essential to the growth and perfection
of both grains and vegetables, as will appear more fully hereafter.

4. From the analysis of soils and crops in the two tables, the
intiinate relation of the one to the other is manifest. The soil
supplies the food of plants which can po more grow to luxuricance
and perfection without an ample supply of appropriate food, than
can animals become strong and fat withont a sufficiency of proper

rovender. Hence the necessity of sceing that the soil of each

eld possesses the requisite supply of the substances essential to
feed the crops which are growing upon it.)

LESSON XVIII

SOILS ADAPTED TO DIFFERENT KINDS OF GRAINS AND VEGETABLES.

(Nore.—In lesson XVI, T have stated the classification of soils,
and how they maybe ascertained, In the preceding section, X VIL.
T have, in two tables, given an analysis of rich, common and bar-
Yen soils, and of the most common grains and vegetables grown by
the farmer. It will now be proper to show how the different kinds
of soils arc adapted to the growth of different kinds of grains and
vegetables.)

98. How will a farmer obtain good crops >—The

farmer will obtain good crops by selecting soils
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adapted to the different kinds of crops, and then
cultivating his crops as he wonld take care of his
cattle—according to the laws of nature.

4. But if his soils are not_good, what is he to
do ?—He is to improve his soils, by culture and
manures, the best way possible for this purpose.

95. What is said of clay soils >—The strongest
clay-soils are suitable for wheat and beans, and the
less stiff clay-soils are suitable for oats and clover.
They are so excellent for meadows and pasturage,
that they are styled grass lands. They are strong
and lasting soils for their special purposes.

96. What is said of sandy soils >—Sandy soils
are pecnliarly fitted for the growth of barley and
Indian corn, turnips and other green crops. The
lighter sandy soils are the best for growing rye
and buckwheat.

97. What is said of loamy soils >—Loamy soils
are intermediate between clay and sand, and are
the richest natnral soils, uniting all the materials
necessary for the growth of crops.

Nore.—Clayey soils are often called heavy lands, and sandy
solls, light lands. Loamy soils are called clayey, sandy, or cal-
careous loams, as they incline to clay o sand or lime in their
composition.)

98. What are alluvial soils >—Alluvial soils are
such as are formed by the washing of streams, on
the low banks of which they are formed, and they
vary in their characteristics from a mixed clay to
almost pure sand ; but in general they combine the
components of loamy soils and sandy loaws. When
the streams on the banks of which they are situated,
have their sources among mountains and hills, and
bear in their current the dissolving portions of vari-
ous rocks and quantities of leaf and other vegetable
mould, and overflow their banks winter or spring,

4
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the bottom lands formed and enriched by such de-
posits possess almost inexhaustible fertility.

99. What is said fol)m’-'/ soils ?—Peaty soils
consist almost wholly of decayed plants, and are
frequently called vegetable soils, They generally
ocenpy low, swampy levels; the peat exists in
various stages of decay, from the partially decayed
fallen trees, stumps and leaves to a woody mass of
impalpable powder.

(Norzs.—1. In this natural state, peaty land is mostly unfit for
any profitable vegetation or culture; but should the Act of our
Legislature for draining swamps and marshes, passed in the Ses-
sion of 1869-70, be successfully carricd out, hundreds of thousands
of acres of most valuable land will be added to the domaius of
agriculture,

2. Though the soils mentioned above are thus distinguished by
external characters, and therefore by peculiar qualities of different
value and special productiveness, they pass into each other, like
the colours of the rainhow, by such minute gradations, that it is
sometimes difficult saying to what class they belong. The inter-
mediate classes arc the most numerons, as they are the most useful
—another indication of the wisdom and bountifulness of Divine
Providence.)

LESSON XIX.
HOW TO CONSERVE AND 1MPROVE SOLLS.
(Soils—how wsed ; contents of good soils ; olject, nature, clussification
of manures.)

100. Zow showld a farmer conserve his soils ?—
By using and feeding them well, as Le would his
horses, it he would conserve and keep them fit for
labour.

101, How should a farmer use and feed his soils
well #—By so tilling and cropping them with dif-
ferent grains, grasses and vegetables in succession
as to exhaust his soils least, and by restoring to
them, in the form of manures, what he takes from
them in the form of crops.



PREPARATORY KNOWLEDGE APPLIED. 83

102. But will not the same crops grow in the
same soil year after year >—Yes, if the soil receives
an annnal coat of manure by the overflow of some
stream like the banks of the Nile; or if the soil is
annually supplied by artificial manure with the
substances extracted by the crop, as gardens; but
if the same kind of cropping be carried on in the
same soil year after year without the addition of
manures, the land will yield less and less, until it
becomes poor or barren.

103. Are there any eramples of this ?—Yes;
there are many examples in almost every County
of Canada, where farms have become unproduc-
tive and poor by this hard usage. They have been
worked to death without being fed, like hardly used
cattle.

104, Why do lands thus become impoverished ?
—Because the crops draw so largely certain sub-
stances from the soil, in a shorter or longer time,
that it cannot furnish a sufficient gnantity of such
substances to the growing crop. A cistern from
which water is daily drawn for family use will, in
time, become dry, unless replenished s or
otherwise. If a man, from time to time, is taking
money out of his purse, and putting none in, his
purse will at length become empty. A farmer will
inevitably reduce his land to poverty if he con-
stantly takes out of it the money of his crops
without paying anything into it in return.

105, But where is the farmer's profit, if he puts
as much into the land as he takes out of it ?—He
takes off the land wheat, oats, potatoes, turnips,
&e., which he sells for much more money than
pays for the manures which he puts into it. * He
puts in the land what is cheap, he takes off what is

ear.”

106, What elementary substances should the soil
contain for the nowrishment of plants ?—The soil
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should contain the various elementary substances
which are found in plants.

(Nouk—These aubatancer, organic and inorganic, have been
stated in Lesson 11L., and the composition of them explained in
R following lessons.)

107. Name thesc substances.—They are, 1. Oxy-
gen; 2. Hydrogen; 3. Nitrogen, in the shape of
Ammonia ; Carbon; 5. Sulpbur; 6. Phospho-
rus; 7. Chlorme, 8, Silicon ; ; 9. Sodium, in the
shape of common salt; 10. Calcium ; 11. Potas-
sium ; 12. Magnesium ; 13, Iron; 14 Manganese;
15. Alummum as the basis of elay

(Notes.—1. In some plants there is also a minute guanht} of
Guorine, and certain marioe plants contain ioding and bromine.
But with these Canadian farmers have wothung to d

2. The first four of the
elements, but are always found in camhmatwn—sulphnws phos
phates, silicates, nitrates, carbonates and fuates of lime, soda, pot-
ash, magnesia, iron, alumina, manganese, or in other more complex
combinations.

.B.—For the meaniug of these terms and terminations sce the
cxplanations given of them. Lessons V. and VI.—pages 21-32.)

108. But does every plant contain all these ele-
mentary substances >—They are all found in the
ashes of some plants, and are therefore essential to
them; but many plants contain only a part of
them ; very few contain them all. Some plants
contain also more of certain substances than other
plants, and require, of course, a larger supply of such
substances in the soil.

109. What ave the substances called which the
Jarmer thus uses to remedy the defects and improve
the qualitics of the soil ?—They are called manures,
and are anything which furnishes food for plants,
and thereby enriches the soil.

110. How are manures classified >—They are
divided into two classes, organic and inorganic,
but are usually treated under the heads of vegetable
manuves, enimal manurcs, and 7zineral manures.
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Some mention another class called 7ized manures,
consisting of mixtures of vegetable and animal
manures, with the addition also, in some cases, of
mineral manures.

LESSON XX.
HOW 70 CONSERVE AND INPROVE THE SoIL. (Continued).
(VeaEraBLE MANURES).

111. What are the veyctable manures >—They are
snch parts of plants as are put into the soil to make
it more productive ; such as different kinds of clover,
buckwheat, cabbage leaves, radishes, turnip-tops,
potato tops, stalks of Indian corn, rye straw, hay,

ay-stuff, &e. The former of these are green ma-
nures, the latter are dry.

112. To what kinds of soils are the green crops
best swited ?— The green crops are best suited to
light and sandy soils and ealeareous soils, which
need no lime.

113. Why ?>—Green crops are best suited to light
and sandy soils, becanse they supply such soils with
what they are deficient in—vegetable mould, re-
tentive of moisture, and containing ammonia and
nitric acid ; they add to the land organie substances
which it did not before possess, and are therefore a
clear gain to the soil in every respect.

(Note.—Jolnston says, “ A green crop plovghed in is believed by
some practical men to enrich the soil as much as the droppings of
cattle from a quantity of green-food three fimes as great.” (Agri-
cultural Chemistry.)

The author of the New American Furm Book remarks, that
“Lands in many of our Eastern States which have been worn ont
by improvident cultivation, and unsalable at $10 an acre, have by
this means (of manuring with green crops), while steadily remu-
nerating their proprictors for all the outlay of labor and expense,
b[v their returning crops, been brought up in value to $50.” Of
clover for green manures, the same author observes, “ This is suited
for all soils that will grow anything profitably, from sand if posses-
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sing an adequate amount of fertility to the heaviest clay, if drained
of its superfluous water” (pp. 82,

114. What is said of dry vegetable manures #—
Straw and hay are usually fed to cattle and horses,
or trodden upon by them, and afterwards put upon
the land, mixed with their manure. But long straw
}ﬂoughed or buried into stiff clay soils serves to
oosen and mellow the clay, and let in the air, and
cause the decay not only of the straw, but of other
organie matter previously existing in the soil.

Nores.—1. Nortox, in his Blements of Scientific Agriculture (to
which the prize was awarded by the New York State Agricultural
Society), says—* It has been fonnd good practice, in many parts
of the country, to draw out straw in the autunm, and lay a thin
covering of if over winter grain. This serves a protection during
winter, and retains moisture when necessary during a dry spring
or early summer. By the time that the stubble is ploughed, it has
decayed so as to turn’ under easily, and forms quite a rich coating
in the way of manure.”

2. Tn the Manual of Agrieulture, by G. B. Emerson and C. L,
Flint (the latter Secretary of the Massachusetts State Board of
Agriculture), it is remarked, that “ Straw and leayes of particular
vegetables are the best manure for those vegetables—wheat straw
for wheat, potatoe tops for potatoes, and the leaves and pruning
of grape vines for those vines” The leaves of different trees
have different degrees of value, Poplar leaves, oak, chestmut.
leaves, beech and maple leaves, are rich in nutritive matters, while
thinner leaves and pine leaves contain very little nourishment for
plants.

115, What is said of hay-stuff or swamp or
wmarsh mud as a manwre >—It is applied to light
soils, or such as contain little organic or vegetable
matter; and is applied with most advantage when
mixed with barn-yard manure, in the proportion of
about one-third of the latter.
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LESSON XXI.
HOW TO CONSERVE AND IMPROVE TR SotL—( Continued).
(AxvAr, MANURES.)

116. What is said of animal manures >—This
class of manures is far more powerful than the vege-
table manures.

Nore.—In lesson TIL I have stated the organic constituents of
animals as well as of plants. Animal manures contain a great
quantity of nitrogen aud the important salts. The nitrogen unites
with the hydrogen and forms ammonis, and this the ammoniacal
salts, These dissolve other mineral substances, and are absorbed
by water, which carries them down to the roots of plants, and
constitute their most nourishing food. The dry flesh of dea
animals—including adrap Birds, fiches, ‘ontains 50 per
cent. of carbon, and from 13 £ 17 per cent. of nitrogen, besides
S R e e 2 o erarors
one of the best manures. Doctor Dana, of Massachnsetts, s
“The body of a dead horse ean convert twenty tons of peat into a
manure richer and more lasting than stable manure.”)

117, Why ?—B $ animals live almost
entirely on substances d(nved from the vegetable
kingdom, these substances restored to the eartl
from which and from the air, they have originally
come, must contain the most \mpnrmnt element of
the food of plants.

118. What parts of aninals cmzsnh/!e manures ?
—All parts; the blood, flesh, bones, hoofs, hair,
feathers, wools, skins, and the bodies and offals of
fish.

(Nowes.—1, Hoofs, hair, feathers, wool, skins, and blood, contain
more than 50 per cent. of carbon, and from 13 to 18 per cent. of
nitrogen, besides sulphur, and salts of lime, of soda, and of mag-
nesia—thus constituting fir<t class manure. Hair (says the Boston
Manwal of Agrieulture) spread upon the meadows, augments the
crop three fold ; and the Chinese, who know its value, collec
every time’ they have their heads shaved—and the operation is
performed once & fortnight—and sell it to the farmers. Tae crop
of hair, from the head of each individual, amounts, in a year, to
about half a pound. Every million of persons, therefors affords
two hundred and fifty tons of hair, that is, of manure of the most
valuable kind, since it represents two thousand five hundred tons of
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ordinary barn-yard manure, and which might be collected, without
trouble, but which is now invariably lost.”

. It may also be remarked, that the BLooD, besides its carbon
and vitrogen, contains soluble salts, such as common s lt, phos-
phates, sulphates, and carbonates of potash, soda, &e., water, and
Some insoluble salts, namely, phosphate of lime and of magnesia—
the chiefest element_of fertility in soils. (Let the reader bear in
mind the meaning of these chemical terms, and the substances they
import, as explained in the siafk lesson.)

3. But Boxes are one of the most important of animal manures,
Bones consist of about 66 per cent. of earthy or inorganic matter,
which remains as asbes when the bone is burnt, and about 34 per
cent, of organic matter, which bur . The organic part—
called gelatin, or glue when boiled out by the gluemakers,—is
extremely rich in nitrogen, and therefore an excellent manure.
The earthy share is for the most part a phosphate of lime, that is,
lime in combination with phosphorie acid—two of the most valua-
ble substances to enrich the soil,

4. Tt has been justly remarked, that part of bones of animals, on
being borut, leaves an ash corresponding with that of plants in the
substances which it contains with the exception of silica, which
does not enter into the composition of the animal. Hence the
table—

“The soils contains silica and alumina ;
The plants contains silica, but no alumina ;
The animal contains neither silica nor alumina,”

LESSON XXIIL
HOW T CONSERVE AND DMPROVE THE Sott (Continued).
(Mrxep MANURES.)

119. What ave wmived manures >—By mixed
manures are here meant the excrements of animals
mixed with the straw of cultivated plants, such as
is usnally found in the barn-yard.

120. What is said of wmnized manures >—Tt is
said as the uniform experience of farmers and gar-
deners, the world over, that the manure which
comes from the stable, the cow-house, the sheep-
fold, the pig-sty and other similar places, is, on the
whole, the most valuable and the most beneficial of
all known manures. Other manures are nseful for
particular purposes; this manure is useful for all
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purposes, and is the only manure which keeps up
the fertility of all kinds of land.

121, Are these varieties of baru-yard manure of
e%mzl value?—No, when fresh that of the horse is
the most valuable, as it contains much nitrogen, but
is liable to lose ammonia by fermentation. ~That of
the hog comes next, and then that of sheep. That
of the cow stands at the bottomn of the list, as the
enriching snbstances of her food go chicfly to form
milk,—the mannre thereby being rendered poorer.
This remark, however, does not equally apply to
the manure of cattle not yielding milk.

(Nores,—1. It is said, as a general rule, that the manure from
cows and oxen is more fit for very dry, light soils; and that from
the horse-stable, for stiff, clayey oils. The scrapings of the sheep
fold and the contents of the pig-sty are better suited to meadow
lands, as they often impart a disagreeable flavour totable vegetables.

2. The manure of all these animals is much richer than the food
they eat, as it contains much more nitrogen. The manure from
animals fed on rich food is much stronger than that from animals
poorly fed. This is the reason why human excrements are better
wanure than those of the animals above mentioned, from the richer
qlmli%%' and variety of the food of men,

3. The contents of the stables and barn-yard must undergo
decomposition before they are fit for use as manure. For the fermen-
tation necessary to decompose them, moisture and warmth are requi-
site, as keeping them cold and dry will prevent decomposition.
The decomposition takes place in consequence of the attraction
‘which the elements have for the oxygen of air and of water, which
is always ready to unite with other clements. The carbon of
organic bodies combines with oxygen and forms carbonic acid.
The hydrogen unites with the oxygen, and forms water, or with
nitrogen and forms ammonia, and with sulphur and phosphorus
forming sulphuretted and phosphuretted hydrogen. The manure of
all animals is particularly rich in the phosphates and in mitrogen.
Professor Dana says: “ The urine of a cow for a year will manure
one and a quarter acres of land, and is more valuable than her
dung two to one.”

4. All kinds of manure, as to both their liquid and solid parts,
should be carefully collacted, and profected from the sun, the air,
and the rain, If it be exposed to the open air, or drenched by the
rain, or parched by the sun, a great quantity of the useful products
of its decomposition will be volatilized, washed away, and lost,
When heaps of manure exposed to ferment, are without any cover.
ing, ammonia is always formed and given off; which may often

4x
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be perceived by the smell, especially in horse manure, Where
the manure heap is not under cover, the escape of the ammonia
may, for the most part, be prevented by shovelling two or three
inches depth of earth over the heap; aud if this does not arrest
the escape of so valuable a substance, sprinkle a few handfuls of
plaster upon the top of the heap; the ‘siphuric acid of the plaster
will unite with the ammonia and form a sulphate of ammonia, and
thus remain to enrich the manure.

Geveras Remark.—From what has been said on vegetable and
animal and mixed manures, it is clear that each farmer” bas on his
own premises the most essential mannres for the conservation and
improvement of his land. This contimuous home supply of these
‘manures is, s a general Tle, ample to avswer his prposes,
this latent wealth of fertility is by many farmers (so called)
utterly neglected and left to waste, while their farms are becoming
less and less productive, if not, in many places, already reduced to
barrenness !)

122. What is said of the evcrements of bivds as
manwre >—They are distinguished for their fertiliz-
ing properties, as they possess the united virtues of
both lignid and solid excretions of other animals,
and are therefore particularly rich in nitrogen, and
also in phosphates. The manure of turkeys, geese,
ducks, hens and pigeons is very valuable—three or
four hundred pounds of such manure (that has not
been exposed to the rain or sun) being worth at least
14 or 18 loads of ordinary manur

123. What can you state respecting Guano (pro-
nounced Goo-ah-no) as « manure?—~Guano consists
of the accumulated excrements and remains of sca
birds in tropical rainless latitudes of both Africa and
South America. But that which is best in quality
and best known is found on some of the islands of
the Pacific and Atlantic Oceans near the coasts of
South America. It is found in the Pacific, near the
coast of Peru, between the 13th and 21st degrees of
south latitude, where the rain never falls; and
where, in some places on the islands and islets, it is
said to have accumulated to the enormous height of
from 60 to 80 feet. It is the remains of the dung,
feathers, eggs, food and carcases of innumerable
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flocks of marine birds which have made these islands
their place of resort for rearing their young throngh
many centuries.

(Notes.—1. The London Cyclopedia of Practical and Scientific
Agriculture remarks—* Guano is primarily derived from the occan,
in the fish consumed by sea-fowl, whose execrements, having accu.
mulated on ixlands aud rocks, furnish an almost inexhaustible
supply of a manure so powerful and_concentrated as fo bafile all
artificial attempts at imitation.” Many millions of tons of this
‘manure have been imported into England since 1844, at an aver-
age value of $40 per ton, It has been taken, but in much less
quantities, to other countrics in both Europe and America.

2. The New American Farm Book (1869) remarks as follows on
the use of guano as a manure: “It is applied to roots, grain and
other coltivat:d crops, and as a topdressing for grass ; but it has
thus far proved of most value to the former. Before using it as a
top-dressing, it is mixed with twice its bulk of fine eartl;, ashes,
plaster or charcoal dust, The proper quantity is from 200 to 400
pounds per acre, sown broadeast and harrowed in; or it may be
supplied in two dressings—the first sown after the plants appear,
but not in contact with them, the last, ten or fourteen days after,
and immediately before moist or wet weather. For hothouses
and many minor purposes, it is prepared by dissolving 4 pounds
in 12 gallons of water, tweuty-four hours before using as an occa-
sional dressing. On account of its volatile character, it should be
closely covered until wanted )

124, What is the relutive value in nitrogen of the
Jarmyard and animal manures ?—Professor John-
ston (in his Zlements of Agricultural Chemistrt
and Geology) has given the relative value of thesc
manures in the following order—the number oppo-
site to each representing (as he expresses it) the
weight in ponnds, which is equivalent to, or wonld
produce the same sensible effect upon the the soil &
100 1bs. of farmyard manure :

Farmyard manure Ao By . 100
Solid excrements of the cow. . . 125
- < “  horse. .18
Liquid excrements of the cow 91
o « « s 16
Mixed excrements of the cow 98
e “ “ horse 54

4 d “  sheep e, 86
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Mixed exerements of the pi 3 64
Dry flesh..... Dococ b o 555280 3
Pigeon’s dung......... oo 5
Liquid blood .......... 15
IDRTANTh o5 060 66 00000 +
Feathers ..... 3

Cow hair.......
Horn shavings
Dry woollen rags

(Note.—Dry substances are longer in dissolving and becoming
decomposed in the soil, and do not show so immediate and sensible
effect upon the crop as more flnid manures, but continue to evolye
fertilizing matter much longer. It is thus scen that a few pounds
of some of the manures mentioned in the above table, or two
pounds and a-half of woollen rags, are equal in virtue to 100 pounds
of farmyard manure. Vet most of these manures, so valuable as
fertilizors, are neglected by many farmers!)

LESSON XXIIT.
HOW TO CONSERVE AND TMPROVE THE sott—(Cantinued.)
(IxorGanic or MINERAL MANURES.)

125. What are inorganic or inineral mansres ?—
These are various substances belonging to the min-
eral kingdom which promote the growth of plants
and contribute to the fertility of soils.

(Note.—Many of these manures are called saline manures, as
they consist of salts of certain minerals, such as carbonate of pots
ash (pear] or potashes), carbonate of scda (or common soda of the
shops), sulphate of potash, sulphate of soda (or Glauber salts),
sulphate of maguesia (or Epsom salts), sulphate of iron (or green
vitriol), nitrate of potash (nitre, or saltpetre), nitrate of lime,
chloride of potassium, chloride of sodium (or common  salt), sili-
cate of potash, silicate of soda, sulphate of ammonia, chloride of
ammonium (or sal-ammoniac), carbonate of ammonia (or smelling
salts), and several others,

N.B—F¥or the chemical meaning of the terms carbonate, sul-
{hau, ‘mitrate, chloride, and salts, and how they are formed, see

esson VI, pages

126. What are the chicf manures of @ saline and
mineral character ?—They are lime, marl, gypsum,
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common salt, wood and coal ashes, peat ashes, &c.,
in the form, for the most part, of nitrates, sulphates,
phosphates, and other chemical compounds.

128. Give some account of lime as o manure—
Lime has been called “the prince,” and is the most
abundant of all mineral manures. It is usually
found in the form of common limestone, which is
the carbonate of lime, being a combination of lime
with carbonic acid. Every 100 pounds of pure lime-
stone contains about 44 pounds of carbonic acid
gas and 56 pounds of lime. The carbonic acid is
separated from the limestone by burning it, as in
lime-kilns, when the lime that remains is called
caustic or quick-lime, but is slacked (or its thirst
satiated by about onefourth its weight of water
being poured upon it, when it swells, cracks, heats
and finally crumbles to a fine powder. The heat
during slacking is caunsed by the chemical union of
water and lime.

(Nores—1. Different kinds of limestone, differing in purity,
such as magnesian limestones, or dolomites, dic., are found in
varions districts, In Lesson XI. pp. 46, 47, under the head of
calcium (of which lime is the oxide), the mechanical uses of lime
are mentioned, also its compounds.

2. Tn all cases lime is better after {han before burning, because
the burning reduces it to fine powder, more fitted to be dis-

. solved in the soil and to be taken up by the plant through the
roots, Quicklime, in consequence of its absorbing moisture from
the atmosphere, may be slacked by exposure to the air, as well as
by the application of water,

3. Mortow's English Cyclopedia of Agrieulture says—“Tf a plain
farmer is asked Why he lays lime on his fields, he will at once
polat to the practical results by way of answer—thicker, more
uxuriant, and sweeter grass, larger and more equal and firmer
turnips, bulkier and more abundant crops of barley and wheat ;
and above all, the almost tota] disappearance of couch grass and
other weeds.” The New American Farm Book remarks—* Lime,
next to ashes, either as a carbonate or sulphate, has been instru-
mental in the improvement of our sofls beyond any saline
manures, Like ashes too, its application is bencficial fo every
soil, not already charged with it—as calcareous soils). It makes
heavy land lighter, and light land heavier, it gives adhesiveness
to creeping sands or barley gravel, and comparative openness and
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and porosity to tenacious clay : and it has a permanently benefi-
cial effect where generally nsed, in disinfecting the atmosphere of
any noxions vapors in it. It is observed by Jomystoy, that
“Grain grown upon welllimed land, has a thinner skin, is heavier,
vields more flonr, and that richer in gluten than if grown on un-
imed land. On flax alone it is said to be injurious, diminishing
the strength of the fibre of the stem.”

4. From the table in Lesson XVIL, p. 79, it ix seen how largely
lime enters into the compoxitions of various kinds of grains and
vegetables, The shells of the lower animals contain lime, com-
bined chiefly with carbonic acid; and the mineral portions of the
skeletons of the higher animals consists of lime combined with
phosphoric acid.

5. It is not upon wet and swampy, but upon drained or

dry land, that the ication of lime is so marked and
permanently beneficial.

“Much money (says the English Cyelopeedia of Agriculture) was
at one time wasted in liming imperfectly drained land, and there
is even still very considerable scope for amendment in this respect.
Drain first, and (where necessary) lime afterwards, is an agricul:
tural axiom that should form the motto of every farmer who would
wish to derive the full advantage of his outlay.” While lime
should not be laid on wet aud swampy land, it should not be mixed
with fermenting farm-yard manure, as it expels ammonia, a most
valuable element of fertility,

6. As to the quantity of lime per acre to be applied, the English
Cyclopadia_of Agriculture says, that “fifty years ago, the nsual
quantity of fime applied ranged from 100 up to 300 bushels per
acre; and in the first liming especially, the larger quantity was
generally employed—the maxim being to give a good dose at once,
50 that a second application might not be needed for some years
afterwards.  This practice, especially on new soils, certainly
worked well in practice; but on old cultivated land, however,
the older practice entirely agrees with that of the present day,
namely, to apply small doses at frequent intervals. About 100
bushels of lime per acre was considered a sufficient dose, fifty
years ago, for old cultivated land; and even yet the majority, of
Tight land faruiers, especially, will agree in considering this to be
enough for profitable application.” Z%e New American Form Book
says: “In the United gtntes, the average for a first dressing is
from 50 to 120 bushels per acre ; which may be renewed every
four or six years, at the rate of 20 to 40 husheﬁ.”)

129. In what cases is it best to apply quick-lime
or slaked lime as a manure ? W%ere the soil is
cold and stiff, or is newly drained, and contains
much of acid organiec compounds, or if there are
tough, obstinate grasses to eradicate, it is best to
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apply caustic lime; in other cases and in light soils
it 1s best to apply mild lime,

(Norrs.—1. The reason for using caustic lime in certain cases is,
as stated by the New England Mantal of Agriculture, that “caustic
lime amends the soil by decomposing some of its ingredients, and
by setting at liberty the potash and other alkalies which exist in
combination with clay and in particles of sand. It also hastens
the decay of organic substances and combines with some of the
gaseous products given out during the process. It should be in
& state of powder before it is scattered upon the soil.” It also
(whether caustic or mild) acts upon plants by diminishing the
evaporation from their surface, and thus husbands the moisture in
the soil, and males it last longer than it would without lime. 7%
New American Farm Book: says that * Lime should be spread upon
the ground immediately after taking off the last crop, %o as to allow
all the time possible for its action Lifore the next planting.”

2. The principal compounds of lime are the carbonate, the wul-
phate, and the phosphate. The carbonate of lime has been shown
ahove to be limestone; the sulphate of lime is gypsum, as has
been shown in the 11th Lesson, p. 46; the phosphate of lime is
nearly the same as bone-carth, and has been noticed under the head
of bonemanure, p. 88.)

LESSON XXIV.
HOW TO CONSERVE AND DMPROVE TUE Sott—(Continucd),
(InoraANIC or MINERAL MANURES.)

130. What is said of wmarls? — Marls consist
chiefly of lime and clay, or lime and sand, or lime
and loam, and frequently with sulphate and phos-
phate of lime, in varying proportions, and presenting
a great diversity of substance, colour and property.
Thongh less energetic, marls have all the permanent
effects of lime, and are valuable as an amendment
to soils—clayey marl for sandy soils and sandy marl
for clayey soils.

(Nom . The New American Farm Book says—* Marls are
adapted to the improvement of all soils, unless such as are already
sufficiently filled with lime, and they are more generally useful to
meadows than the pure lime. Their benefits will be greatly
enhanced if the clay marl be used on light or sandy soils, and
sandy marls on clay and heavy lands. From 20 to'400 cart loads
of marl per acre have been applied according to its quality and
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the character of the land to he benefited. Circumstances must
alone determine the proper quantity to bo used. Marl should be
carried out and exposed in small beaps before spreading on the
land. Exposure to the sun, and especially to the frosts of wiater,
is necessary to prepare it for use.”

2. Marl of any sort is good in composts, but chiefly so in those
in which peat and decayed vegetables are mixed with' if.

3. In order to ascertain the presence of lime in what is supposed
to be marl, or in any soil, it has been recommended to put somie
of the soil, or supposed marl, in a glass, and pour upon it vinegar,
or spirit of salt (muriatic acid), when a bubbling or effervescence
will take place if lime is present, caused by the escape of carbonic
acid gas contained in the soil or marl.)

131. What is Gypsuim ?—Gypsum, or plaster of
Paris,—the common name of the snlphate of lime,
or plaster-stone—is a combination of snlphuric acid
and lime. When pure, gypsum is composed of 43
per cent. sulphnric acid, 33 per cent. lime, and 24
per cent. water.

(Nor.—The name of the plaster of Paris was given to this sub-
stance from its abounding in the neighbourhood of that capital,
where it was first burnt into powder, and extensively nsed for
making cornices of rooms, ornamental figures and designs upon
the walls, called stucco-work, and for making casts of statues and
medals, and for varions other applications.)

132. What is said of the use of Gypsum as @
manure >—Gypsum is used, both in the United
States and Canada, more extensively than any other
artificial manure; and many of the most experienced
farmers consider it indispensable to good farming.
In many instances a few bushels per acre have
brought up land from poverty to a very good bear-
ing condition; but crops require other food than
that with which gypsuin supplies them; and if a
farmer takes by his crops from his land a variet;
of substances, and adds gypsnm only, he will injure
and exhaust his land. What has been said of lime
manure alone, is eqnally applicable to the exclusive
use of gypsum manure :

“Lime and lime without manure
Will make both land and farmer poor.”
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133. On what soils is gypswn used to most ad-
vantage ?—The New American Farm Book says:
¢ Like all saline, and indeed like all other manures,
gypsum acts beneficially only on soils which are tree
from standing water, or which may be satnrated with
such water. It is felt most on sandy, loamy, and
generally on clay soils, requiring more for the latter,
and for all such soils as contain a large proportion
of vegetable matter. From two pecks on sandy
soil, to fifteen bushels on clay soil, have been applied
per acre ; but from two to four bushels is the nsual
quantity.”

134, On what kind of crops does gypswan produce
the greatest effect —Those crops of which gypsum
is a constituent. C. W. Jonnsrox, in his Planter’s
and Farmer's Encyclopedia, says —“ Wheat, bar-
ley, oats, beans and peas do not contain a trace of
this salt; and the farmer tells yon that gypsum
is of little or no service to these crops, however the
application may be varied.” DBut on the growth
and productiveness of such plants as corn, potatoes,
turnips, and on clovers, its effects are most beneficial
and profitable, increasing the crop to twice, and in
some instances, to thrice the quanty produced with-
out it.

125, When and how should gypswimn be applied >—
The New Awmerican Farn 1300k says—*1t should be
sown broadcast as soon as the leaves have expanded
in the spring. = For corn, potatoes, tnrnips, &e.,
gypsum is ngnally put in with the seed, or sprinkled
upon them after the first hoeing.”  When the soil
does not contain natnrally any sulphate of lime,
(says the New England Munuval of Agriculture) or
when it is exhansted by cropping, the addition of
that substance, [snlphate of lime, that is, gypsnm]
may prove of great value in two ways; Ist, by fur-
nishing food for the plants mentioned, and 2ud, by
fixing the ammonia of the atmosphere and laying 1t
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up in store for the future use of plants by decom-
posing the carbonate of ammonia contained in rain
water, and making soluble sulphate of ammonia and
carbonate of lime. Where apﬁlied, plaster should
be scattered, in the shape of the finest, impalpable
powder, in the sl)ring, Just as vegetation is begin-
ning, and while the dew of the morning or evening
is on the plants, that it may stick, but not in rainy
weather.”
LESSON XXV.

HOW To CONSERYE AND DITROVE THE soti—( Continued).

(AsuEs AND OTHER ARTIFICIAL MANURES).

136. What s soid of ashes as a manure P—
Nearly all varieties of ashes are valnable as ma-
nures.  Wood ashes are most commonly nsed, and
form a manure of great value, while the ashes of
anthracite and bitmmninous coal are not without
value, especially npon cold, stiff soils, and are said
to be an excellent top-dressing for grass, even on
light soils.

Notes.—I. It has been shown in lesson IL.p. 17, that ashes
are the mineral part of plants, and constitute from 1 to over 12
per cent. of the whole weight of plants. The ashes of difforent
plants, and of different parts of the same plant. vary in quantity
and quality, as also the same plants in different kinds of soils.
Thus plants which grow on low, wet, peaty soils, give a less
proportion of ashes than those which grow in dry and rich soils,
and the bark, twigs and leaves give much moré ashes in pro-
portion than the trunks of tracs and stems of plants, and they
yield a Jacger proportion of ashes when they are young and grow-
ing than after they have attained maturity. The ashes of some
kinds of wood and plants are also much stronger than those of
other kinds of wood and planis. Jomsstoy, in his lectures on
agricultural chemistry, gives the following composition of the
ashes of oak and beech trees, and these may be given as illns.
trating the general character of wood ashes :

Percentag: of Oak. Beceh,
tas! 8.43 15.83

Soda .
Common salt,
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Por contoge of Beech.
62.37

summe of Time 2.31
Magnesia.. . . 11.29
Oxide of iron, 019
Phospboric acid 11010l 3.01
ilica. . 182

100.00 100.00

Nortoy, in his New York State Prize Essay on the Elements of
Scientific Agriculture, after quoting the above table, remarks—
“The substauces composing these ashes are seen at a glance to be
of a valuable character for applying to the soil, 1t will be notiged
that the proportion of potash and soda is very con X
sides these, there is quite an appreciable proportion of phmphouc
acid, and a very large quantity of lime: part of this was in com.
bination with phosphoric acid. The potash, soda, lime and ma
mesia were doubtless for the most part combined with carbonio
acid, forming carbonates

2. Ashes, it is thus seen, are made up of salts, such as silicates,

hosph ates a b The carb
phates of potash and soda, as found in_ashes, are soluble or may
be dissolved out by boiling. The silicates, phosphates and car-
bonates of lime, maguesia, iron and manganese ave insoluble, and
thus remains in leached ashes. A portion, also, of silicate of pot-
ash remain undissolved. Tar the larger part of leached ashes is
carbonate of lime, The next is phosphate of lime, or bone dust.

It is remarked in the New Enugland Manual of
that “ unleacked wood ashes are of great value in the cultivation
of many crops, especially Indian coru, turnips, beets and potatoes,
because of the great amount of carbonate and other salts of potash
which they contain; and so important is potash to these plants,
that they are often called potash plants. Liached ashes are of less
general value, but still are a very valuable fertilizer, by reason of
the salts which they contain, and_which, though not soluble in
simple water, may be reudered soluble by the influence of other
salts, of air and of the vital power of plants) aud may be thus taken
up into the circulation, and again pecform the service they had
performed in the plants from the combustion of which they come.
hey have important effects when mixed in compost heaps.

4. Tt is also interesting and important to note the selativa quan-
tities of different elementary substances contained in the aslies of
the wore lmportant objects of cultivation. Tl will be socn by
referring to the table, given in Lesson xvill, p. 79, From that
table the farmer will readily sce the great value G aitakiia
orops,and that good husbandry dictate to i not 1o osea pound

. They are cstcemed the best of all saline manures, and in
b T L5 180 o oot i oua thel e s
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of fuel they are produced in every household, and more or less
abundantly on every farm.

. Somé of the substances which form the constituents of the
ashes of plants may seem very small in comparison with the whole
weight of the vegetahles; so the nails in a box, and the spikes and
caulking for a Vessel, may seem small in comparison with the other
materials which enter into the construction of a box or a ship, but
are nevertheless essential to their completion. The arteries and
nerves constitute a very small part of the liviog human body ; but
without them it conld not exist. The soil contains these sub-
stances in very small quantities; and the annpal exhaustion of
such salts from large crops of grain, roots and grass, must soon
impoverish the soil, unless they are replaced by manures, of which
ashes are one of the most important,

137. In what quantitics should ashes be applied
1o the soil ?—The New Awmerican Farm Book says :
“The quantity of ashes that shonld be applied to
the acre must depend on the soil and crops culti-
vated. Potatoes, turnips, and all roots, clover,
lucern, peas, beans, and the grasses are great ex-
hausters of the salts, and they are consequently
much benefited by ashes. They are used with
decided advantage for the above crops in connection
with bone dust; and for clover, pease and roots,
their effects are much enhanced when mixed with
gypsum. Light soils should have a smaller, and
rich lands or clays, a heavier dressing. From 12 to
15 bushels per acre for the former, and 30 to the
latter, is not too much ; or, if they are leached, the
quantity may be increased one-half, as they act with
less energy. Leepeated dressings of ashes, like those
of lime, and gypsun, without a corresponding
addition of wvegelable or barn-yard manures, will
eventually echaust tillage lands.”

138. How should ashes be applied as manure >—
The same aunthor remarks, ‘ﬁ\at, “They may be
drilled into the soil with the roots aud grain, sown
broadcast on meadows or pastures, or mixed with
the muck heap. They improve all soils not alread_?'
saturated with the principles which they contain.”
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LESSON XXVI.
HOW 70 CONSERYE AND IMPROVE TuE S01L—( Continved).

(OraEr INorGANIC oR MiNERAL MANURES.)

(Nore.—There are several other mineral compositionslittle, if at
all, used in this country as manures (except common salt), though
‘much used in Europe and in the United States, especially as gar-
den manures. I must not omit a brief notice of them.)

139. What is said of soot as a manure ?—Soot
is considered a very valuable manure, as it is made
up of carbon in a state of the finest powder, and
contains other rich ingredients. The soot from the
bituminous coal is still better than from wood. Salt
enhances its effects. It produces its greatest effects
in wmoist weather. It may be sown broadeast over
the field or harrowed in, or mixed with other
manures for immediate use. Tn England it is scat-
tered upon the meadows, where it promotes the
vegetation of grass, while it destroys moss, Three
large crops of clover are said to have been got in
one year by the use of it.

140. What is said of comnon salt as a manure?
—Common salt has been used as a manure from
ancient times. Tt should not be used in large quan-
tities, nor in the neighbourhood of the sea coast,
where the sea breezes carry quantities of salt spray
and deposit them on the land. For some plants, as
asparagus, for example, it is of the highest value as
a fertilizer, and may be employed in large quanti-
ties,—both enriching the soil for asparagus, and
killing nearly all the weeds, It is also a valuable
addition to the farmyard and to the compost heap.
Salt that has been nsed in curing fish or meat is
cheaper and far better than pure salt. The New
American Farm Book says, “When used at the
rate of from three to sixteen bushels per acre, the
crops of grains, roots, or grasses, have been increased
from 20 to 50 per cent. It may be applied in
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minute }l)om'ons in the hill, or scattered broadcast,
or mixed with the muck heap.” “The compound
thus formed (says Nortox) is very energetic in its
action upon vegetable substances, and has been
found an admirable application to many soils, par-
ticularly on those where there is much inert vegeta-
ble matter, that can only be decomposed with great
difficulty.”

(Norz.—It has been shown in Lessons V. and IX., pp. 25, 39,
that common salt is the chloride of sodium containing 60 per cent.
of chlorine and 40 per cent. of sodium. Sodium chemically con-
bined with oxygen forms soda, as has been shown in Lesson X., p.
43. It will be seen by referring to the table which I have given
in Lesson XXV. pp. 98-9, that salt furnishes two essential constitu-
ents in cvery vegotable. Its composition, therefore, as well as
experience, evinces its importance as a manure,

141, What other combinations of sodivin are good
manures *—Besides the combination of sodinm with
chlorine, its combination with sulphur and nitrogen
form excellent manures,

Norzs.—1. The combination of sulphur and sodium forms sul-
phate of soda, the common name of which is Glauber’s salts; the
combination of sodium and nitrogen forms nitrate of soda, com-
monly called saltpetre. The reader is reminded of the explana-
tions” given in Lesson VI. of the import of the termination ate.
signifying a salt, which alvays involves the combination of at
least hree elementary substances, one of which is always oxygen
as explained in Lesson VL, p. 31, It will be remembered that the
combination of oxygen with a metal, forms an oxide or a base
(Lesson VI, p. 28), and that the union of an acid and a base forms
4 salt, which is indicated by the termination ife or afe. Thus the
union of oxygen and sulphur forms sulphuric acid, and the union
of sulphuric acid with the oxide of sodium (called base, see p. 31)
forms the sulphate of soda, or Glauber salts, It will be observed
that there is ozygen in both sulphuric acid and in the oxide of
sodium, 50 that in Glauber’s salts there are oxygen sulphur and
sodium, Thus also in the nitrate of soda there is oxygen in the
nitric acid (the uaion of oxygen and nitrogen), and in the oxide of
sodium, or soda, forming nitrate of soda, or soda-saltpetre. The
same remarks apply to carbonate and phospbate as to sulphate
and nitrate, substituting carbon and carbonic_acid, phosphorus
and phosphoric acid, for sulphur and sulphuric acid. I repeat
these remarks, and refer to the exslanaﬁons given of them in the
preparalory part of this book, in order that the reader may become
perfectly familiarized with their import and the relations they
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imply, as the clear understanding of them aud even familiarity
with them are requisite to the mmzlhgont reading of nn work on
and , and to the. its expla-

nations, recommendumns and renson

2. Nitrate of potash and uitrate of wda being found in a crnde
state, in native beds, are sometimes sold at a price that may justify
their use—both yielding not only nitrogen but potash and soda to

lants, and are said to be p'\rhﬂlhrh beneficial to wheat and
gaﬂey They give a dark green color fo the leaves, promote more
rapid growth; they increase the weight of clover grass and the
straw of grain, increase the yield of grain, and produce a marked
jmprovement in grass crops and pastures.

3. On the use of these saline manures, Mz, Norrox, in his priz
essay on the Elements of Scientific Agriculture, bas the following
suggestive remarks: * When the farmer intends to use any of thesa
manures, it s in nearly every case better to make a mixture. One
hundred weight of the nitrate of potash and sods, of common salt,
sulphate of soda, and sulphate of magnesia, all mingled together,

it applied with & few bushels of gypsum, would be much more
hkely to meet the wants of any soil, than a hundred weight of
either one alone. Such mixtures are found remarkably effectual,
and they are the basis of the artificial manures now gradually com
ing into vogue, These manures are very excellent, if the price is
reasonable, and the farmer assured of their purity. The farmer
should not buy these manures unless he has perfect confidence in
the manufacturers, or unless, as was recommended with regard to
uano, they furnish analysis by competent chemists, and warrant
the manure sold ro be equal in quality.”

142. What is said of old lime plaster from the
walls and roous of buildings as a manure ?—This
is formed mostlv of sand and lime, chemically com-
bined, and is thelefole the true silicate of lime.
This 15 worth twice its weight in hay for meadows,
and for most other cro 15, especially on clayey and
loamy soils ; and it wil uce a large growth of
grass for years in suc (,esswn thhont other manure.

143, Are not broken brick and burnt clay also
used as manures?—Yes! being composed mostly
of silicate of alumina, mixed with the silicate of
potash and other substances, they are valnable as a
top-dressing for meadows. It is said, that, “In
addition to their furnishing in themselves a minute
quantity of the food of’ plant like old plaater they
serve a much more purpose by
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ammonia, nitric acid, and the gases of the atmos-
phere 2

(Note—The farmer should, however, remember, that old lime
plaster, vy R e clay, as well as all other saline ma-
nures, supply but a part of the ingredients which enter into the
composition of vegetables; and withont the addition of the others
the soil will sooner or later hecome exhausted. The authors of the
New England Manual of Agriculture have well observed, that
“The object of manures is to give the soil whatever is wholly or
partly wanting to it, whether of a combustible or an incomhustible
nature. The use of organic manures is to furnish with Zumus,
geine or mould, which shall serve as a reservoir, to hold in readi-
Dess, for the use of plants, all the kinds of food necessary to their

owth. And the use of Aumus is to furnish and keep a ready
supply of carbonic acid, ammonia_snd water, which three are the
ast vesult of the decomposition of vegetable substances.”

144. But, is it not discouraging that after all
the pains the farmer takes to fill his soil with valu-
able manure, it should all be washed away into the
deep earth h/ the rains >—To this question which
has agitated the minds of so many farmers, the
Manual of Agriculture (published under the sanc-
tum of the State Board of Agriculture for Massa-
chusetts) returns the following satisfactory answer :

“It would be very discouraging if it were true,
but fortunately it is not true ; as is made very appa-
rent by a simple experiment or two. If a funnel
be filled with the soil, and a dilute solution of the
silicate of potash be poured mpon it, there will not
be found in the water which passes through it, a
trace of potash, and, only under certain circum-
stances, silicie acid.

*¢If a fuunel be filled with earth, and water hold-
ing in solution ammonia, potash, phosphoric acid
and silicic acid, be poured into it, none of these
substances will be found in the Waler, escaping from
the funnel. The soil will have completely with
drawn them and incorporated them with itself.

Or make another experiment. Take a portion
of garden soil full of potash, silicic acid, ammonia
or phosphoric acid, put it info a funnel and pour
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water upon it. The water will not dissolve out a
trace of it. The most continuous rain cannot remove
from a field (except mechanically, that is, unless'it
carry off soil and all) any of the essential constitu-
ents of its fertility. ~ It is a common fear that the
nourishing substances in liquid manure and in guano,
will, if not immediately taken up by the plants, be
Jost. But the fear is wholly unfonnded. From
liquid manure diluted with much water, or from a
solution of gnano, soil, when used in sufficient quan-
tity removes the whole of the ammonia, potash, and
phosphoric acid which they contain. Not a trace of
these substances can be found in the water which
flows from the soil.”

LESSON XXVIL
HOW TO CONSERVE AND INPROVE So1Ls—(Continued.)
(AMENDMENTS — IRRIGATION — DRAINAGE.)

(Nore.—I have spoken of the different kinds of soils—their
composition, the vegetable and mineral manures adapted to im-
prove them, and the_several kinds of grains and voots for which
they are suited. I now devote a Lesson to consider how defective
soils may be amended by modifying their physical qualities, by
irrigation, by deep ploughing, and by drainage).

145. How may defective soils be amended ?—By
Jessening the tenacity of heavy soils and increasing
that of light soils, by diminishing the humidit(fr of
moist soils and increasing that of dry soils, and by
other changes of their texture.

146. How can the texture of clayey or argilla-
ceous soils be improved —As the defects of clayey
soils are their stiffness, compactness, and consequent
coldness and often wetness, these defects are reme-
died by the addition of an‘jything that will render
them more open, loose, and penetrable by air and
water, such as sand, gravel, broken brick, chips,

5
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corn-stalks, straw, &c,, and by deep ploughing and
drainage.

(Notes.—1. In England, elayey land is often much improved
Dby burning over the surface, or by burning a portion of the clay
and scattering it upon the land. By burning, the clay changes
its properties, and it becomes move like sand, and in this state
loosens the soil.

2, In the previous Lessons, I have stated how clayoy el are
ameliorated by manures, both vegetable and wineral; but one of
the most cfectaal methods of improving the clayey soils, is under-
draining, which draws off, imperceptibly but rapidly, the excess
of moisture, opens the soil to the frce admission of atmospheric
uir, and this in its passage throngh the soil imparts heat and such
of the gases it contains as are nseful in sustaining vegetation,
The clay is mellowed, made less retentive, dries sooner in the
spring, and does not bake so hard in summer.)

147. How are the defects of sandy soils reie-
died ?— As the character and defects of sandy soils
are mostly the reverse of those of clayey soils, the
treatment of sandy soils should be the reverse of
that which has been recommended in regard to
clayey soils. Sandy soils possess not the property,
of adhesiveness, have little affinity for water, which
escapes from them almost as soon as it falls ; they
are loose in their texture, and have but a slight
liold of the manures diffused through them. As
clayey soils are imuproved by a mixture of sand, so
are sundy soils improved, but in a much higiler
degree, by the addition of clay. Clay and sand are
necessary to each other, as they both contain quali-
ties which are essential to a good soil; and that is
always found to be best which has the proper propor-
tion of each. The frequent use of a heavy roller also
improves sandy soils, as any treatment which ren-
ders them more compact is advantageous to them.
It is said that “ sandy soils can never be profitably
cultivated till they have acquired sufficient com-
pactness and fertility to sustain a good crop of grass
or clover; and when once bronght to this condition
they are among the most valuable.”

&
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(Nore.—It is said that sandy soil amended by the addition of
clay becomes permanently betier. The clay can never be ex-
hausted, and will always give to the soil the power of absorbing
and retaining the elements of food for the sustenance of plants. In
previovs lessons I have sufficiently referred to the manures best
suited to sandy soils. 1 have also sufficiently referred to the treat-
ment proper for peaty soils.)

148. Wat other mcans are employed to improve
the texture of soils >—There are three—irrigation,
subsoil ploughing, aud draining.

149. What is meant by the irrigation of land 2—
The irrigation of land is watering it by means of
little streams, which overflow it at certain seasons,
when in grass or growing grain. It is remarked,
that  all water, except rain water, even that from
the purest springs, has mineral and organic sub-
stances in solution. As it flows over the snrface
among living plants, and in sinking through the
soil comes in contact with their roots, it yields up
these substances for food. Beside such solid bodies,
it contains in solution carbonic acid and oxygen,
both of which the plant reccives with avidity.”

1. Notton thus deseribes this method of irrigating
land :—* The surface of the field to be irrigated must, of course, be
somewhat sloping, and the water is brought on by a main diteh at
the bead of the slope. In this main diteh, at proper
gates to regulate the flow of water into smaller ditches,
sides and ends of which again run small euts; these are so arranged
that every part of the field shall ke flowed over by a thin but regu.
lar sheet of water. At the foot of the slope is another ditch, tor
the purpose of conveying away, such of the water as may not sink
into the earth, Where water is searce, and the ﬂlope%nng, it is
oeeasionally used several times in succession, When the flow has
continued for ten days or a fortnight at a time, the supply gates
are shut down ; and the field allowed to dry. The operation is
repeated once or twice in a season. Here there is no stagna-
tion, s in swamps and wet land ; the water is always running and
fresh. Land that is intended to be irrigated should have a porous
subsoil, or, if not, should be underdrained; in cither case, the
water sinks away as soon as the flow is stopped, the soil dries,
and the plants get at once the full benefit of the fertilizing matter
tod

(Noes,

that bas been deposited.
2. The productiveness of much of the low bottom lands on our
Canadian streams, is largely owing to their annual overflow from
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the streams on which they are situated ; aud this is the case with
the Jands on the low banks of many rivers and streams in America.
Such waters as flow out of the sewers of cities and towns, or past
slanghter houses and certain aoufactories, and receive the rich
vegetable food thereby afforded, are the most beueficial to vegeta-
tion. Tt is said that meadows thns irrigated in the neighbourhood
of Edinburgh, have rentcd by the acre at the large sum of $250
per annum,

3. In the countries where rain seldom or never falls, the large
demand by vegetable life for water, though partially supplied by
heavy dews, has given rise to extensive irrigation, which bas been
practised from ancieot times where husbandry has attained in any
rank, as in Egypt and the Barbary States of Africa, Babylon,
Syria, and in some countries of Europe; also in parts of both
South and North America. It is said that when the Mormons first
settled in Salt Lake Valley, the country was a barren wilderness,
from perpetual drought in the growing seasons of vegetation; but
by aid of irrigation, it has become one of thefmost productive
countries in the world—the Fgypt of America in productiveness,
though without the Nile.)

150. What are we to understand by subsoil plough-
ing 2—Snbsoil plonghing is loosening the soil?some
distance below the ordinary furrow. The snbsoil
plough is an implement designed to follow the fur-
row after the common plongh, and to loosen and
break up the lower layers of the soil without bring-
ing thew to the surface. The subsoil plough, made
expressly for the purpose, goes down as deep as it
can be forced—in some cases to the depth of
eighteen to twenty-four inches. In the first sub-
soiling, it is difficult to go down more than a few
inches below the ordinary furrow ; but the depth is
increased at each subsequent subsoiling wntil the
greatest depth possible is attained. The process is
repeated once in five or six years, d

(Note.—The objects proposed by subsoling are to loosen the
hard carth below the reach of the ordinary plough, and permit
the ready escape of the water which falls upon the surface, the
circulation of air, and a more extended range for the roofs of
plants, by which they procure additional nonrishment and secure
the crop against drought, by penetrating into the regions of per-
petual moisture. The roots of some plants, as, for example, those
of corn, potatoes, beets, d&c., penetrate two or three feet when the
coll permits. Subsoiling is said, in some? cases, to add from 80 to
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50 per cent. to the crop; but its greatest influence on stiff soil is
only reached where the land has been thoroughly under-drained
(DrAINAGE oF Sorrs.)

(Nore.—Many volumes have been written on_the subject of
drainage. In what follows on this subject, both in the text and
notes, will be found acondensed abridgment or summary of what
Thave collected from the most recent and practical works on
Agriculture.)

151. What is drainage of the soil >—Drainage is
an operation by which we draw off the surplus
water from the soil and from the sub or nnder-soil,
where it would not otherwise eseape.

152, How is this effected ? — It is effected by
means of drains, covered or open, dug from: two to
three feet in depth, and running in parallel lines
from 20 to 40 feet distance of each other, and with
a descent of at least an inch per rod.

153. What are the cffects of drainage upon the
s0il >—1. Drainage takes away the surplus water
that exists in heavy and tenacions soils, which in
wet seasons is a serious impediment to_the snecesstul
growth and perfection of vegetation. 2. It allows
of early enltivation in spring and antumn, by fur-
nishing a dry, warm soil, which would not'admit of
cultivation except in the warm part of the season ;
thus enabling the farmer to grow a greater variety
of products where only a few were adapted to the
soil before, and to these it gives several weeks
additional growth, 3. It saves all the trouble and
waste of surface drains and open furrows, which
require that much of the land be left almost in an
unproductive state, to serve as conductors of the
surplus water. 4. The dense mass of saturated soil
is impervious to air and remains “eold and elammy.
By draining below the soil, the warm rains pene-
trate the entire mass, and thus diffuse their genial
temperature through the roots. linmediately press-
ing after these, the warm air rushes in and supplies
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its portion of angmented heat to the land. Porous
soils thus readily imbibe heat, and they as readily
part with it; every portion of them radiating it
when the air in contact with them is below their
own temperature. This condition is precisely what
is adapted to secure the deposit of dews, so refresh-
ing during a season of drought, and so indispensable
to the progress of vegetation. 5. Rain water is
charged with some of the most important elements
of nutrition to plants, and especially contains con-
siderable proportions of carbonic acid and ammonia.
It these be permitted to percolate through the soil,
the roots of the plants, or in their absence the
elements of the soil itself, absorb and form perma-
nent cowmbinations with them. Air holds, also,
vegetable food, and it is necessary that this should
penetrate through every portion of the soil where
the fibres of the roots exist. 6. The earth being
rendered less moist at the surface, far less evapora-
tion takes place there. Whence, as evaporation
always cools the surface very considerably, a drained
field keeps the heat better than one not drained;
and the natural consequence is that the erops ripen
earlier. The grain on a drained field is geuerally
fit for the sickle some days, often some weeks earlier
than that on other fields, 7. Lands well drained
and deeply tilled, bear the dronght better than
others. Tlie reason of this seems to be, that the
Fores are always open in deeply tilled, well-drained
and, to an unnsual depth. Evaporation caunot
reach to a great depth, and, in season of drought,
the open pores allow moisture which has been kept
in the deep earth to rise by capillary attraction.
8. In a well-drained field, the spring rains, instead
of being allowed to run away and be‘iost, are saved,
a8 in a reservoir against the heats and drought of
summer. 9. Another essential benefit of under-
draining arises from advantage thereby conferred
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in subsoil ploughing. If there be no escape for the
moisture which may have settled below the surface,
the subsoil plough is of little benefit ; but by
loosening the earth it admits a larger deposit of
water, which requires a longer time for evaporation
and insensible Araina;re to discharge. When the
water escapes freely, the use of the subsoil plough
is attended with the Dest results. The broken earth
thus pulverized to a much greater depth and incor-
porated with the descending particles of vegetable
sustenance, affords an enlarged range for the roots
of plants, and in proportion to its extent furnishes
them with additional means of growth. The far-
mer thus has a means of angmenting his soil and
its capacit{ for prodnction wholly independent of
increasing his snperficial acres ; for with many erops
it matters not in the quantity of their production,
whether he owns and cultivates one hundred acres
of soil, one foot deep, or two hundred acres of soil
half a foot in depth.  With the latter, however, he
has to provide twice the capital in the first purchase,
is at twice the cost in fencing, planting and tillage,
and pays twice the taxes. The underdrained and
subsoiled fields have the further advantage of security
and steady development in seasons of drought, as
they derive their moisture from greater depths,
which are frequently unaffected by the parchin;
heat. This secures them a large yield while aﬁ
around is parched and withered.

(Nore.—The effects of dvainage have been illustrated by the
following comparison :—* Plants which are kept in fower-pots
would soon rot at the root if the water with which they are watered
were left to stagnate at the bottom of the pot without any means
of escape, For this renson, the bottom of the pot has a hole in it,
to let the superfluous water ruu out. Now draiuage does the same
service for the field that the hole in the bottom does for the earth
in the flower-pot.”

Nore ox TaE DRAINAGE OF SwAnPS AND PEaT Bups.—In different
parts of the Province there are extonsive plots of wet, bogzy lands
‘whose only use now is to mire cattle, and bear certain kinds of
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wild berries and a small quantity of inferior bog hay. Our Legis-
lature has appropriated a large sum of money to reclaim, by drain-
age, these swamps and marshes to the purposes of agriculture, as
has been done with great snccess and with large profit in siilar
circumstances in other countries. Therc is many a farmer a por-
tion of whose land is uselss, and often worse than useless, from
thesame causes. Swamps, peat-beds, and marshes occur frequently
in a hilly region of country, forming low, level, wet lands, whose
constant saturation with water prevencs their cultivation with. any
useful plants. Tae first object in cffecting their improvement is to
find an outlet for the escape of the waier from three to five feet
below the surface, and then to intersect the land to be reclaimed,
with drains accordingly. If the water in the swamp has its origin
in numerous springs from the adjoining hills, a ditch should be
dug aronnd the entire outer edze of it, Where it meets the ascend-
iug land, and the water conveyed in a drain sufficiently deep to a
ravine or rivulet.)

154. What s said as to the construction of drains
for the drainage of lands 2—There are two kinds
of drains—open and covered. But open drains, or
ditches, occupy mnch ground which might other-
wise be productive, leave a great deal of water in
the soil, and carry off with the water that enters
them wany substances of fertility to the soil. They
are now generally disapproved of by practical agri-
culturists, Covered drains are constructed of stones
of brush, of logs, or of pipe tiles made for the
purpose.

(Nores.—1. To lay a stone deain, it is necessary to dig a large
trench, which involves much labour, and would not be done unless
there were many rubble stones on the land which the farmer

desires to get rid of; and even then the tile drain costs less, and
i3 better.

2. Where ncither tiles nor stones can be procured the brush
drain is sometimes made by digging a trench, and filling it up to
a certain depth with small brush, When this is done, the sticks
ace or should be laid with the lacger ends down.  The brush is
then pressed down and covered over with suds with the grass side
down. This is better than none. The same may be said of log
drains, which are mde by laying down two logs in a trench,
within two or three inches of each other, and a third log npon the
other two. The earth must he pressed down solid over the stones,
brush or logs, which are, of coursc, always balow the level of the
plough.
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3. “But two recent improvements,” says the New Awmerican
Farm Book.” “ have been introduced, which greatly enhance the
Dbenefits of draining. They consist in sinking the drain three feet
in deptb, and then using pipe tiles one and a half to two inches in
diameter, an 0 eighteen inches in lengtl mnected by

laying them simply end to end, or better, by short collars made %
sections of a size larger tile. The trifling opening at emh]ﬂhﬂ- is
found to be sofficient to admit all the water whi e drain can
carry; while the increased depth at which the dr,«\nngvl:kew place,
draws the water from a mnch greater distance. With the depth
of three feet, it ]nas been found that the dmmi instead of being
required once in sixtecu to twenty-five feet, may be placed at
intervals of thirty to forty feet, and accomplish the object with
equal success and in less time. 1t has of late been a-certained,
that in beavy soils, three feet is a sofficient depth and thi
is aboot the proper distance apast forthe most effctive drainage.”

. The best shape for the pipe tile (which is made in many of
our brickyards) is fovud to be a simple round tube. For the
interior drains which enter into the large main drains, a tube of
two inches in diameter is said to be about the right size, Tbe fall
should not be less than onme inch to the rod. ~A drain properly
laid in this way may be expected to Jast and answer a good pur-
pose for halfa century.)

fcet

LESSON XXIX.
ROTATION OF OROPS.

153. What is meant by the rotation of crops ?—
The word rotation signifies turning round as a wheel
on its axis, until a cumplete revolution is made; and
when the term is applied to agriculture, it denotes a
succession of different crops, instead of a succession
of the same crops, and the order in which different
crops are made to succeed each other on the same
soll as, for example, (as in the county of Norfolk,

ngland ,) & crop of turnips is followed by a crop | of
bar ey, and this by a crop of clover, and this again,
after one or two years, by a crop of wheat, when
the rotation again commences with turnips.

154. What is the object of the rotation of crops #—
The object of the rotation of crops is to economize, in
the best manner, the resources of the farm, so as to
make each field yield, with a certain amount ‘of labour

5
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and maure, the greatest possible amount of valuable
crops with the least possible exhaustion to the soil.

155. What reason is given for the rotation of
crops 2—The reason for the rotation of crops is, that
1o two plants of different kinds require the same sub-
nces in the same proportion for their nourishment.
I'have shown in the table on page 115 the substances
of which the different plants, and the different parts
of the same plants, cultivated on the farm, are com-
posed. It will there be seen that the grasses, and
the straws of different kinds of grain, contain a large
proportion of silica, and they therefore soon exhaust
the soil’s supply of it, and they should not, there-
fore, immediately sncceed each other in rotation in
the same soil, and they shonld be each followed by
a crop which needs less of silica but more of porash
or some other mineral salts. A field which would
not yield a second good crop of wheat, may, even
without manure, yield a good crop of clover, or
turnips, or carrots.

Nor. —In farther illustration of this important subject, may be
properly added the following remarks taken fron the New Ameri-
can Farin Book : *The system of rotation is one of the first and
most important principles of general husbandry, and it cannot be
omitted withont manifest disadvantage an; The place of
rotation was formerly supplicd by naked fallows. This practice
consists in giving the soil an occasional 7est, in which no crop is
taken off, and the soil is allowed to produce just what it pleases,
or nothing at all, for one or more years, when it is refreshed and
invigorated for the production of its accustomed useful crops. This
system, it will be perceived, implies the loss of the income of the
soils for a certain portion of time, and it can be tolcrated only
where there is more land than can be caltivated. Modern agricul.
tural science has detected, in part at least, the true theory of the
mecessity for rotation. It has been discovered that every crop robs
the soil of a portion of its clements, fifteen or sixtecn elementary
substances contained in various forms and proportions,) and
that no two dissimilar crops abstract these clements or their
compounds from the soil in the same proportion. Thus, if we
consider the amount of the salts talen out of the soil by a crop of
turnips, amounting to five tons of roots per acre; of barley,
thirty-eight bushels; one ton cach of dry clover or ryo grass, and
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of wheat twenty-five bushels, we shall find the exact proportions
of the various elements which the different vegetables have appro-
riated.  As given by Jomssow, they will be in ponuds as fol-
ows

| Straw

_3‘ 0.
.5, 0
57
5| 1.
.4 2,
L0 86
Sulphuric acid 8 1.
Thosphoric acid . 86
Chlorine 2.0

Grand total (m lusive of turwip tops) .

e doa i clomanta sbove noiad, all crogs sontain oxida. of
iron, and nearly all oxide of mangancsa and iodine; and of the
organic elements associated in varions combinations, they appro-
priate about nincty-seven per cent, of their cntire dried” weight.
Now it is not only necessary that all the above materials exist
iv the soil, but they must also exist in a form preciscly adapted
to the wants of the growing plants. If a succession of any
given crops are uthered und carried off the land, without the
oceasional addition of es, they will be found gradually to
dlminieh in quantity tll they reach & polat when they will scareely
pay tho expensor of cultivation. We mean to be nnderstood as
ficring this of all crops and of all soils, however naturally fertile
i BT be, unless they are such as receive an aunual or
oceasional ing from the overflow of enviching floods, or are
artifictally irrigated with water, which holds the necessary fortil-
izing matters in solution and such are not exceptions, but receive
their wanure in another form, unaided by the hand of the hnsband-
man.”—(Pp. 296-299.)

156. On what fact ds the theory of the rotation
of erops founded ?—Saome of these facts are the
following : 1. The soil contains only a limited sup-
ply of the mineral food nevessary for a_particular
plant, though it may contain all the wineral sub-
stances necessary for the nourishment of every
variety of plants. 2. Some plants, as the grains
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for example, draw their nonrishment from near the
surface ; while others, like carrots and parvsnips,
draw much of their nourishment from a greater
depth. 3. Sowe plants, as those which have abun-
dant foliage, draw much of their food from the
atmospherc; while others, as the grains, depend
more upon the materials contained in the soil.
Partieular insects live upon certain kinds of plants,
for example, eertain flies live on grains and grapes,
and continue to multiply as long as the same crop
ocenpies the soil from year to year; but when a
crop intervenes on which these insects eannot live,
as beans or turnips after wheat or oats, then they
perish for want of proper nourishment for their
young.

157. What benefits result from the rotation of
crops ?—Some of the benefits resulting from the
rotation of cropsare the following: 1. The preserva-
tion of the soil from being impoverished by a sue-
cession of the same kind of crops. 2. The develop-
ment of all the various fertile clements of the soil
in the production of different kinds of agricultnral
plants. 3. The mannring of such crops as eannot
receive it withont hazard or injury if applied directly
upon them. Thus wheat and the other white grains
are liable to overgrowth of straw, and rust and il-
dew, if mannred with recent dung ; yet this is applied
without risk to corn roots, and most of the head
crops; and when tempered by one season’s ex-
haustion, and the varions changes and combinations
which are effected in the soil, it safely ministers in
profusion to all the wants of the smaller cereal
grains. 4. By bringing the land into hoed erops at
proper intervals, it clears it of any pernicious weeds
which may iofest it. 5, The cutting off the appro-
priate food of insects and worms which often become
numerous and destructive under the continuance
from year to year of certain kinds of crops. A
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change of crops, and exposure of insects to frosts,
and the change of cultivation which a rotation
of crops insures, will, in all cases, greatly diminish
their numbers, and, in most instances, effectually
destroy them. 6. Kach crop, in succession, may
find in the soil valuable matters which were unne-
cessary to the preceding crops.

What is the period assigned by agricultu-
rists for a complete rolation of erops >—The period
depends upon the crops that constitute the rotation,
upon the fancy and experience of different indi-
viduals, upon their need of certain productions,
upon the different kinds and qualities ot soils culti-
vated, and there is, therefore, no fixed period fol-
lowed by all. TFive, six, or seven years is the nsual
time, unless in case of lands that may advantage-
ously remain a long period in grass.

159. What s the order in which crops should
succeed each other ?—It has been laid down as a
principle of husbandry that the two classes of crops
— culmiferous and leguminous —should uninter-
ruptedly succeed each other. The former include
wheat, oats, barley, rye, Indian corn, and most of
the grasses—all of which have stems mostly joined 5
the latter include peas, beans, and other pulse;
also, by some writers, potatoes, turnips, carrots,
beets, cabbages, &c., especially in reference to rota-
tion of crops.

(Notes.—1. Culm, among botanists, signifies straw, and is the
proper stem of grasses and plants which elevates the leaves,
Howers and frait. This sort of stem is h