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Quebec, 12th Au^st, 1875,

Mr. Octavb Ccissbt,

Quebec.

A copy of the book which you Iiave published under the

title of « Popular Ireatite on Beet Root Culture and Sugar Fabri-

eation in Canada " having been laid before me, I deemed it

adrisable to submit it for examination to Mr. Edouard Barnard,

of YarenneB, a gentleman well versed in studies of the kind,

and you will find, hereunto annexed, his very flattering estimate

of your very interesting work.

I entertain the hope that the public will confirm his opinion

and subscribe liberally for your book, whose practical working

eanoot fail to produce excellent results, in view of the establish-

ment of this branch of industry in this Province.

I have the honor to be. Sir,

Your obedient servant,

P. GXBNSAU,

Commii»8ioner.

TbB floNORABLB Mb. GaBNBAU,

Ckunmissioner of Agriculture and Public Works.

Sir,

At the request of Mr. Moreau, Secretary of your Depart-

meat, I have carefully perused Mr. Octave Cuisset's book inti-

tuled ** Popular treatite on Beet Root Culture and Sugar Fabri-

cmtlm in Canada."

10iS778
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T^iis work, which is easily read, gives very exact iaforai-

atioa on the cnUnre of the sugar beet and its manufactorA. II is

ofa nature to popularize among our fiirmers this industry, whkk,
if established permanently, cannot fail to regenerate our agvicvi-

lural system.

I have the honor to be, Sir,

Tour obedient (tcrvant,

Bo. A. Ba«v4b». The
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INTRODUCTION.

The idea of introducing the manufacture of beet-

root sugar into Canada, has during the last few

years, deeply moved the Canadian puhlic,and asswr-

elly nothing should more attract the attention of a*

essentially agricultural people.

Not only would its manufacture be a source of

profit to those engaged in it and a boon for the work-

ing classes, but the general cultivation of the sugar

beet would necessarily introduce most desirable im-

provements in the agricultural system of the country.

In publishing this small work, I wish to convey

in the first part of it, information to farmers as to

the manner best calculated to succeed in cultivating

this plant, and lYi the second part I will explain th«

principles upon which the sugar is made.

In writing it,I endeavored specially to make my-
self understood by all who are able to read.

It is now by expedience incontestably shown that

the soil of Canada is favorable to the culture of the

sugar beet. The numerous experiments made i»

various parts of the country have sufficiently show*
that with a good system of cultivation 15 or 20 tons

of beets per acre or 600 to 800 bushels, the ton c<ni-



taiuing 40 bushels, could be easily raise^ This

alone would be sufficiently remunerative to satisfy

the ordinary requirements of agriculture, even if no

other results of the greatest importance to its future

progress, should arise therefrom. But it is not

enough that the quantity should appear sufficient

:

for agriculture to be productive and satisfactory the

quality must equal the quantity, and that it should

prodii(ie for the sugar manufacture a raw material

pOf^e^sing all the requisites necessary to be truly

rehiunei*ative in its subsequent making up. In fine,

Iftie beet should contain a suflicieiit q'uantity of pure

sugar to permit of its economic extraction ; and in

ttiis view again, there can be no doubt as to the

excellence and saccharine richness of the beets

raised in various parts of Canada, as well in the

Province of Quebec, as in Ontario. I will say

further : That they have been generally found to be

most uncommonly rich. Thus, whilst the juice Bhat

I had before observed rarely exceeded 7 degrees

Beaum^ and never more than 8"^ or 5", 11 to 5o, 8S

•entiedimals or a^ain i^o, 61 to 14, 42 Brix, it has

been acknowledged that the jiiice of the Canadian

beet generally marked 9« Beaum6, say 6©, 67 centes-

simals or 16p, 24 Balling, which is a maxiifuim t^iat

l^as been rarely met with in aru' country.

It is to be undei'stood that I am here speaking of

mg'dv beets which have been cultivated according to

a goo(ji system and in stciitable groMnd ; and which

i^^i^ sown m proper time s^nd were not takoii up
]»n$i} fully n^atiire^.
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must hei

mean h^

dep^eea h

value of

pressed i

weigh th

use, wh
strength,

instrumf

liar, but

called ar

of the be

first, the

somewh{

areomete

indicates

sequent!;

Balling (

tions of s

d nation

of this \\i

or the »a

It ise

Ifor the s

it can nr

ireomett!

?asy, by

Nilculatu

these are

narks uj



— 7 -

For the perfect underKtandihg of what I Write, I

muHi here speak of areometers and explain what (

mean by degrees Beaume^ degrees Centessimcd and

degrees Brir : in ordinary practice to ascertain thfr

value of a sugar beet, it is scraped, the pulp is

pressed and the juice gathered and then weighed. To
Aveigh the juice, there are several instruments irt

use, which when plunged into liquid show its*

strength, as they sink more or less into it. These

instruments with which no doubt many are fainir,

liar, but which the majority have never seen, are

called areometers. To ascertain the value of the juice

of the beet three kinds of areometers are used : the

first, the Beaume areometer whose graduation i*

somewhat arbitrary ; the second the centesisimal

areometer, generally used in France and Belgium,

indicates directly the density of liquid and con-

jsequently its specific gravity ; lastly, the third, that of

Balling or of Brix, specially designed to weigh solu-

tions of sugar in water, shows directly by its gra.

dnation the quantity of sugar in any watery solution

mf this nature, either the juice of the beet, or cane

I
or the sap of the maple.

It is easily seen that the latter is the most useful

|for the subject which occupies our attention, but atr.

it can not always be procured, whilst the Beaum6
ireometer is known and sold every where, it is

>asy, by the use of comparative tables and simple,

•alculations, to arrive at the degree upon one of

these areometers, given the degree which a liquid

narks upon the other. Thus, I find either by lh«
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Itbles or by calculation, that a juire which marks
Vn the Beaunie areomett^r 7o, 8«, 9o, rosiK'ctively,

marks on the densimeter 5", 11, 5«, 88, G«', 67 and on

the Brix areometer 12o, (H, I4«, 42, IIW, 24.

Aided by the figures just given and the table

which I give on page 89, thos«» who cultivate the

augar beet may ascertain tin* industrial value of

their crop.

If therefore vou have cultivaled the su«'ar beet

and wish to ascertain its industrial value, you must

take one root of the average size, or tv^'O roots one

large and one small, and scrape them in the direc-

tion of their lengtli, so that if yon do not scrape the

whole beet, the pulp shall have been taken equally

from the head, the middle and the point. This pre-

ttaution is necessary to obtain a juice of the average

richness, for all parts of the beet are not equally

rich in sugar; in fact it is well known that the

upper portions are poorer in proportion as the coUai*

is neared. This done, you place the pulp in a press

aod you press it as much as possible
;
you catch the

juice in a deep and narrow vessel and plunge in your

piice weigher^ say the Beaura6 areometer : the point

of contact being noticed, you establish the degree.

Suppose you find 8 degrees and a half
;
you wish

to have the Brix degree, the most rational of all,

you find in my table that 8o Beaum6 corresponds to

14o, 42 Brix and that 9© corresponds to 16o, 23

;

between 14°, 42 and IG", 24, there is a difference of

1o, 82; halve this difference and add the half 0.91,

to 14o, 42 and you have 15o, 33 Brix corresponding

to our
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10 our S'"" and a half dt'^grees neaunu''. Thai is to say

if the juice of the beet exporimcuted upon wore

a solution of pure sugar in water it would contain,

for a hundred pounds of juice, Hi.OT pounds of water

and I't.X] i)0uiids of sugar ; but as will be afterwards

seen these 15.33 pounds of matter in solution in the

water contain in addition to the sugar a variable

quantity of foreign substances, sometimes as much
as 25 and even 30 per cent, so that the absolute

richness in sugar of our juice, at the rate of 75 of

sugar for every 100 of matter in solution, comes to be

11 pounds and a half of sugar per 100 pounds of

juice. If we wish to know from these data the total

quantity of sugar contained in the beet, we would
admit what experience has shown to be the case, that

the beet contains 96 per cent of juice, although in its

manufacture only 80 per cent is utilized and by

multiplying the quantity of sugar ii 100 pounds of

juice by 96 we would have in our case 1 1 .04. I think

these data are sufficiently complete, and it will be

sufficient for me to add that when a beet yields juice

reaching 9^ Beaume it is considered to be extremely

rich, deduction being always made of all physiolo-

gical circumstances that might accidentally tend to

disadvantageously modify the ordinary nature of

the juice; a beet yielding a juice of 8« Beaume is

very good ; that yielding a juice of 7o Beaume is

used with advantage ; whilst beets yielding a juice of

0*^ or less are unlit for manufacturing into sugar,

not because sugar cannot be extracted from them,

but because the cost of manufacture would be too

high in proportion to the results obtained.

2
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To arrive ai strictly accurate results, we have

only to rely upon chemical analysis to give complete

satisfaction. But it is not mv intention here to give

methods of chemically analyzing beets or juices,

this would necessitate entering into details of too

complicated a nature for a work such as the one

that I intend to submit to the public. It is sufficient

if each will be able approximately to estimate the

industrial value of his crop, and 1 think, as I have

already stated, that those who read my work with

some attention will be able to make the necessary

experiments for themselves in a sufficiently accurate

manner, without having recourse to tedious chemical

processes of dilTicult study and comprehension.

H



niSTOPtlCAL NOTICE.

The manufacture of beet root sugar, one of the

fuiest and most important inventions of modern

times, is a project of the nineteenth century, so

fertile in great discoveries. Although the presence

of sugar in the beet had already been knov^'u, it

remained for this age to commence its extraction as

a manufacturing industry, and it was reserved to

France, the agricultural country par excellence, to be

the first to commence this new industry.

The establishment of beet root sugar factories

arose entirely from political causes. In 1806 the

Napoleonic.sway had reached its highest. By his suc-

cessive conquests he had acquired a formidable

empire, of which the other states, Spain, Prussia,

Austria and even Russia were onlv as it were the

satellites ; one power alone counterbalanced tliat of

the great emperor and seeme(J to defy him, even in the

midst of his unheard of glory; the English govern-

ment was the irreconcilable enemy of the glorious

continental despot. Often had Napoleon gathered

formidable armies together to carry the war into

the territory of his uassailable enemy, whose in-

fluence he everywhere felt, but his enemy always

baffled his efforts. The emperor understood that he

could not conquer her, except by attacking her in
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the source of her power, her commerce. This was
in fact England's vuhierable side, lier mmiense
colonies and innumerable manufactures supplying

the world with innumerable quantities of fabrics.

The continental blockade was decreed and the con-

quered powers were obliged willingly or unwillingly

to submit. By this treaty the entry of all raw or

manufactured goods, coming directly or indirectly

from England or her colonies was rigoi'ously ex-

cluded from all European ports.

This measure caused an extraordinary develop-

ment in the various manufacturing industries of the

continent, and gave rise to several new industries,

such as that of artificial soda and of beet root sugar,

which have been abundantly successful. Napoleon

especially encouraged the latter, by generously re-

warding all efforts made to establish it. From that

time it has unceasingly prospered, and has now
spread over all the countries of central Europe.

It will suffice to read the following figures to

show the importance of this enterprise, which has

risen within the last century.

v«i 1
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Production of Beet Root Sugar in France.'.
It

18-25 5,000 tons.

1836
'.

40,000

1852 68^000

18G2 170,000

1868 275,000

1872 300,000

1874 350,000

I here give a table showing the state of Beet

root sugar in Europe in 1866-67.

Table showing the Production of Beet Root sugar in

Europe in 1867.

1Number of
Tfactories

Sugar Product, of

each fact'y

Number of
1 produced acres under cul*

tons. tons. tivatioR.

France.... 434 216,854 499 180,000
Germany.. 296 202,850 685 170,000
Austria.... 140 76,164 544 75,000
Prussia..,. 259 149,000 575 120,000
Belgium...

Holland...
120 60,000 500 50,000
18 . 5,000 355 5,000

Poland.... 41 11,250 276 10,000

L. *

I have no data to show the present state of the

industry ; I only know, that in France there are

600 factories and that 350,000 tons of sugar are

made, that in Belgium there are 200 with a produc-

tion of 100,000 tons; and that the other producing
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countries have since increased their amounts by 50

per cent at the least, so that the present production

of beet root sugar in Europe is :

For France 350,000 tons.

" Belgium 100,000 ''

^' the other countries 600,000 "

Total 1,050,000 tons.



PART FIRST.

BEET ROOT CULTURE.
§1' Choice of Soil.

The beet m;iv be cultivated in the nuHOrilv of

soils which produce cereals ; but the most favorable

places for its culture are vegetable moulds, rather

sandy than argillaceous, deep, friable, soft to the

touch, warm, active, without stones and permeable.

The gr(\ater part of the soil of Canada fulfils these

conditions and is especially adapted to the culture of

the sugar heel ; it is in fact formed of alluvial deposit

or of argillaceous and calcarious earths in favorable

conditions.

Alluvion soils are the best, as well from their

composition as from the assimilative nature of the

matter contained and which furnishes nonrishment

to the plants. Beets sowed in such soil come up

very well : they give the best return to the farm and

a substance of superior quality for manufacturing

purposes, provided always that these lands are kept

properly manured and drained, and are carefully

woiked and cleaned. The sugar beet cannot succeed

in marshy lands, in which it gives only poor crops.

U this plant would grow in such soils and give an
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abundant hnrvest and roots of sometiniej large di-

mensions, still the beet would furnish only poor

juice, not rich in sugar and having a great deal of

water and foreign substances, which would make it

unfit for manufacturing purposes and very difficult

to preserve. With such soils, drainage is absolutely

necessary to render the soil fit for beet culture.

Argillaceous soils are also very well fitted for the

culture of the sugar beet, if they are not too com-

pact and, the subsoil permeable. These soils are in

good condition when with the clay Lhey have a suf-

ficient quantity of sand

For rich lands about 50 per cent.

For sandy soils with clav basis 00 '^

For clav soils with sandy basis 75 "

When these soils drain easily, whilst retaining a

certain amount of humidity, have a vegetable coat-

ing sufficiently friable, are easily worked and do

not get a solid hard crust in dry weather after rain,

they generally give an abundant crop of good quality.

This is not the case with soils in which clay predo-

minates ; these soils are heavy, comx)act and dried

up and get into cakes which are very difficult to

break. The drills are not easily made and the seed

often fails. When properly cultivated and in a fa-

vorable season these lands, however, give larger

crops than argilacious sandy soils; but altno' they

need not be rejected for manii factoring purposes,

still the beets are often of inferior quality. Land of

!
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this nature should be improved as economically as

possible.

Calcarous soils are generallv remarkable for the

fine crops that Ihey yield. The reason is easily given,

the beet requires rapid grov^th, and once germinated,

the sooner it arrives at maturity the better it will be.

Every thing therefore that tends to quicken its

growth would increase the yield. The lime in the

soil makes it more easily warmed, more active and

hastens vegetation. Consequently, in crops gathered

at the same time, we would have from calcarious

soils richer beets- and those giving a purer juice,

than from lands that have no lime. One reason also

of this greater activity in calcarious lands is that

the lime m the soil hastens the decomposition of

the organic substances and of the principal alkalis

that they contain, and sooner prepares these prin-

ciples for absorption by the plant.

There are calcarious soils, however, that are

inert, which become unfit for the culture of the beet

and in which all other plants equally fade or die. I

speak here only of calcarious soils that have in them
in normal proportions, the two other primitive ele-

ments of the soil, sand and clay, and whose vegeta-

ble coating is of sufficient depth and friable, and this

is generally the case as well in this country as in

all others. Compact slate lands are met with, which
at fust sight would seem to be unfit for beet culture.

To improve these lands and make them fit for this

culture tlioy must be prepared.

The greater part of the soil of Canada then, can
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bf advanlagoously employed in the culture of the

sugar beet, and th^^ facts that I liave given are proved

by experience, as in several places many experiments

have been made in cultivating this plant and very

successfully. I would not howev<M' advise the sow-

ing this plant in light and shallow soils which scar-

cely retain the uecossarv humidity for the growth

of the beet; low, marshy, >:old lands must not he

us»h1 in this culture, as in them the bi'et cannot suc-

ceed iii its jTvowth.

j^
'2" CLIMATIC INFLTENCKS.

The beet is a plant which beloiigs to the temperate

regions: it is the s aga r cane oi' northern countries.

ll is cultivated in Enrox>t^ betwe'^n latitude G0° and
40*' north, and specially between Kiew in Russia

and Rome in Italv. It likes warmth and attains a
«

maximum degree of ricluiess and purity luider its

iulluence. Thus a temperate spring, with moderate

rain at intervals causes its lapid growth ; under this

iulluence, the leaves are developed, and soon cover

the ground, from which the roots are obtaining

nourishment, and, preventing it from drying by

intercepting the rays of the sun, they enable the

pi ant to endure without damage the heats of summer.
When the leaves cover all the ground the roots

then conunence to be fully developed ; exterior work
seems to be arrested, and the work inside acquires

the greatest ac'ivity, if the temperature is warm and

if from time to time* the earth is refreshed with moder

ate but not continuous rain. Whilst expanding,

the bee
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the beet, at this period, that is during the month of

August, is forming its sugai\ and this is again an

important period for the final result. If the beets

have grown with favorable surroundings, and the

months of August and September are warm and

dry but not without some frequent showers of rain

we are certain, that with every thing else favor-

able,our beets will ripen perfectly and will yield juice

of great richness and remarkable purity.

We cannot always expect to have such favorable

conditions as that I have just mentioned
; they do

not happen every year. Does this mean that for the

years in which things are not quite so, that the beets

will not be good ! Let us reject all such notions. In

the value of the yield from the earth, there is a

maximum and minimum yield, between which is

found the average. Crops above tho average are

considered as good, and as better the nearer they ap-

proach the maximum. On the other hand there

are, under the average, vario'^^ degrees more
ani more unfavorable. Each year will give different

returns of beets as well in quantity as in quality.

All crops are subject to these fluctuations.

§ 3" PREPARATION OF THE SOU..

I mean by preparation of the soil, all those

mechanical operations which are necessary to adapt

it to receive the seed of the beets, to mellow it, and
to place the fertilizing principles contained in it, in

such a condition that they may be assimilated bj-
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the seed. This work of preparation includes the

ploughing of the land in t" fall and spring before

snving.

The arable coating should be sulhciently deep and

slrong so thai the roots may descend deeply into it

and find new nourishment even down to the subsoil.

To attain this eud, the land must be ploughed in

the fall to the depth of one and one half foot, and
upwards. As the beet should find in the soil a

certain quantity of alkaline salts in dissolution, the

field should bo ploughed deeply in the fall and left

in furrows ; under the influence of the air, the

moisture of the rain and snow, and of tlie frost, the

insoluble subsUuices contained in the soil are dese-

gregated and are brought into the state necessary to

be absjoi'bed by the plants. This mechanical prepa-

ration of the soil is certainly the best method of

rendering the soil suitable for assimilation 'Ijy Ihe

plants. The better the ploughing, the better will be

attained the end aimed at in vegetation. In the fall

care should be taken to plough the same field several

time over. The turning over of the soil and the chang-

ing of that portion in immediate contact with the air

tends to increase in the soil a larger quantity of

soluble matter. When beets are to be grown after a

crop of cereals, whether corn, barley or oats, as

soon as this crop is taken up, the land should be

lightly ploughed over to pull up all the straw and

Tiproot all plants still growing. If this is done these

plants are prevented from arriving at maturity, to

produce seed that would poison the ground the
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following year. This ploughing is intended to hasten

the decay of the vegetable matter remaining from

the preceding growth, which under the action of

the air and moisture is rapidly transformed and

becomes suitable to nourish the subsequent crop.

The roots being thus destroyed, immediately after

the harvest, decomposition has more time to become

complete and it is further favored and hastened by

the still \ny;h temperature of the season. During the

fall, v.'hen the straw, the roots and the plants ai-e

destroyed, the land should be ploughed as deeply as

possible. This deep mellowing of the soil cannot be

too strongly recommended and for boots in particular

it seems to give the best results. The moisture after

penetrating this plongliod strata can not afterwards

evaporate as easily ; it is stored in the soil and forms

a j'oserve whose future action, in dry seasons- ft very

necessary for vegetation. In dry seasons the plant

will draw up by its roots from the sub-soil the

moisture not to be met with in the lavers nearer

the surface. The bases of the arable coating thus

become a permanent reservoir of moisture ; at the

same time being a protection against changes of

t(»mperature, for after rain it absorbs a much larger

quantity of water than the soil which had been only

superficially ploughed. Lastly, general experience

lias shown that deep autumn ploughing is of the

greatest advantage to the growth of the beet and its

inlluence is specially efiicient during dry seasons.

In countries where the soil has never been culti-

vated except to a very small dejjth, and in which



the rotation of crops does not allow of deep ploughing

every year, it would be well to break up the sub-

soil with a sub-soil plough, so as to mellow the

lower courses without mixing them with those of

the surface, richer in manure.

During the winter the furrows made by the

plough are left opcm. The frost tends to break up

the cakes ; the water from thn rain, which has filled

all the small pores of the mass expands in frt^ezing

and reduces the earth to dust. Thus is obtained a

pulverized mellow surface, perfectly prepared for

the reception of the grain whose particles will sur-

round the seed and favor its growth.

From what we have said, it is certain that good

ploughing atproperseasons, notably lendsto increase

the niy,ritive qualities held in solution in the earth.

Such ploughing really takes the place ofmanureand

is thus true economy. A well ploughed field may,

with less manure, yield as much as a field badly

ploughed butb'^tter manured; or which is the same
thing, being equally manured the yield of a field

will be so much the better if the plounhing in the

fall has been carefully and properly done.

By burying the straw in the fall, the soil is

rendered more porous and mellow and thus it faci-

litates the necessary circulation of air and moisture.

Organic substances remaining from the preceding

crop or brought with the manure, are decomposed

in the soil. The gas which they give off causes a

certain degree of fermentation which contributes to

the mellowing of the ground. Each straw and root
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when decomposed or pulrified leaves a canal IhroiigfK

which the air penetrates to forward decomposition

in the lower str ta.

Formerly, the fields in whidi lxH)ts were intended

to be sowed wore worked over several times, either

with the spad(j or hoe. Ploughing is a more certain

and rational operation and the only one that can be
employed in working to any great extent. Here, as-

evei'y where, machinery is better than hand laboi%

wliich is always more expensive. The plough is.

a(lapt(^d to all agricultural labor and is more efficient

llian unskilled hand labor in opening up the soil

regularly and to a constant depth. If required, the

land may bo alternately ploughed across its lengtli

and breadth and the soil thus equally mixed. Tho
rapidity of the work, due to the use of the plough,

allows a larger surface of ground to bo prepared, an

essential condition for beet culture.

It will be seen by that wdiich precedes what arc

the advantages to be derived from careful ploughing,

in the autumn, and the intlueuce it has upon the

growth of the beet. Its intlueuce is none the less^

felt upon other crops, raised from the soil under a

good system of rotation. The earth contains an in-

exhaustible quantity of substances adapted to assist

the nourishment of plants. To be assimilated, these

substances must become soluble and everything

that tends to this end, will increase the immediate

richness of the soil and render it capable of returning

a maximum yield to the farmer. Laud is capital,

real capital, unvaVying capital; cultivated in any



24 —

way, it will give interest of some sort; but we must

not be content to receive interest of soitie sort, if by

earnest work this capital may be made to yield two,

three or four fold, &c. The industrious farmer is

amply repaid his efforts by the results he obtains

;

agriculture and the branches depending upon it are

the only really staple industries upon which we can

at all times depend. Farmers, love your occupation,

cherish your farms, work them and labor upon them,

they contain inexhaustible riches, which they will li-

berally bestow^ upon you. In this connection I cannot

avoid quoting one oi the apologues of the great french

fabulist, Lafontaiae. An old man. on his death bed,

speaks to his children :

*^ Travaillez, prenez de la peine,

C'est le fonds qui manque le moins.

Vn riche laboureur, sentant sa moi't procliaine,

Fit venir ses enfants, leur parla sans temoins :

*^ Gardez-vous, leur dit-il, de vendre I'heritage

" Que nous ont laisse nos parents,

" Un tresor est cache dedans.
*' Je ne sais pas I'endroit, mais un peu de courage
*^ Vous le fera trouver, vous en viendrez a bout.

'^ Remuez votre champ des qu'on aura fait Taout

:

*^ Creusez, fouillez, bechez, ne laissez nuUe place

'* Ou la main ne passe et repasse."

Le pere mort, les fils vous retournent le champ,

Deya, delu, partout ; si bien qu'au bout de I'an.

II en rapjwrta davantago,

I)'argent, point de cache-, mais le pere fut sage

De leur montrer avant sa moi*t.

Que le travail est un tresor.'"
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" W«rk, do your best, the farm is the only thing which

will not delude you."

A rich farmer, feeling that he was about to die, called his

children to his bedside and spoke to them in private.

" Do not said he, sell, the inheritance whicn has c ome to

us from our ancestors : a treasure is hidden therein. I don't

know the exact place, but with a little courage, you shall find

it ; Work up your field immediately after harvest turn it over,

search into it^ dig into it, leave no place unturned."

When father filed, his sons plowed and worked the field

here and there and every where, so much so that at the year's

end, it yielded a large return. Of money none was hidden, but

the father was wise in teaching them before his death, that labor

in itself is a treasure.

I will not comment upon this apologue, it is

easily understood by any one that reads it.

I think that I have sufficiently enlarged upon

tlie preparatory ploughing in the fall. I must now
speak of preparing the ground in the spring for the

seed.

Generally the harrow and roller are solely used

in preparing the soil for the seed, and this with a

view of retaining in the soil all the moisture possible.

This method, however, is not sufficieut unless for

highly cultivated lands. In other places, the winter

furrow is first smoothed bv the harrow or roller.

The cakes are as much as possible broken and

smashed, then the ground is grubbed and harrowed.

The sowing then takes place and the land is after-

wards rolled.

But in fields, in w^hicli noxious weeds are easily

produced,a light ploughing would be the best means
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of causing these parasites to disappear. It would also

mark out more mellow ridges for the seed. It is true

that by so doing, the land would through the inva-

riably dry winds of the spring lose a great portion

of its moisture ; but one fall of rain will restore the

soil to its normal state of moisture. From the more

rapid growth thus secured to the beets the weeds are

killed off bv them, and a more abundant harvest is

assured. A multiple share plough which would give

a smooth surface for the seed :ould be advanta-

geously employed.

In terminating this section I will give a general

rule, which should always be a guide to farmers.

Tha land must be worked as well before as afler hav-

ing been soicn^ but it must never be worked except

WHEN DRY. -1// wo)'k ui land when It is wet is more

hurtfid than usefid. The ground cakes and becomes

compact, instead of mellow and remaining subject to

atmospheric influences ; and the growing plant entrusted

to it can only grow under unfavorable conditions.

§ i. Rotation of Crops.

Rotation is the system which deternjines the suc-

cession of crops in a Held.

The choice of a good system of distribution or

rotation is of vital inipoi'tance to agriculture and .it

is especially necessary when the sugar beet is ex-

tracted. The object of rotation is so to arrange the

crops that each shall draw from the earth the subs-

tances necessary for its growth and under the most

favorab
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iiies the suc-

favorable conditions, (f all plants draw from the

earth the same elementary principles they do not

draw them in the same proportions nor in the same

combinations, and their regular succession allows

each in its turn to draw the nourishment best fitted

for it. Every one knows, without it being neces-

sary for me to explain, the little advantage to be

gained by cultivating the same plants in the same

fields for several years in succession : the land soon

loses all the substance required by the plant and

the crops gradually grow less and less. It can

hardly be objected that in uncultivated lands we see

indefinitely reproduced, with equal strength of vege-

tation, plants spontaneously produced, for we can

find in their very diversity a simultaneous rotation

which prevents the destruction of the equilibrium

of the soil. In a good system of rotation, care must

be taken to take a natural order, that is to say

the preceding crop prepares and gives way to the

succeding one.

For example beets require a clean, mellow, and

deep soil: to have clean soil, for any given year, a

plant mast be cultivated the preceding year, which
by its vigorous growth has choked the greater part

of the weeds or which has allowed them to be des-

troyed by being cut before their seed has arrived at

maturity.

A rotation of three or four years is often followed.

In Europe, I have often observed the following

four year system.

•i
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Rye or corn,

Beets,

Spring cereals.

Glover with dressing in autumn.

Glover issov^n in the spring of the third year and

dressing is applied in the fourth year for fall plough-

ing. Herein Canada, ihe three year system might be

adopted as follows

:

Rye, oats, potatoes,

Fodder plants with dressing,

Beets,

or

Fodder plants with dressing,

Gorn, rye or oats,

Beets.

This latter mode would perhaps give smaller

crops, but the beets would generally be better.

When dealing with very rich lands, a beet crop

must always be preceded by a crop of cereals, and

the land mast not be manured between thh^m if it is

desired to secure good beets giving excellent juice.

The crop of the preceding year is in itself a sort of

dressing. That which is left in the soil, the straw

for example,is buried in ploughing, and when decom-

posed gives its elements to the new generation of

plants that are developing. It is thus easily under-

stood that a good system of rotation is important in

cultivating the beet, which in great measure profits

by the quantity often large of the various leavings of

jmtorio

and the

sition t(

the moi

giving

hv aim

the ad^

prod uci

tation a

elemenl

It w
agricult

limits o

the infi

ai'tificia!

Europe,

agricult

have of

those pr

bv the c

has not

rich anc

farmer,

ly and c

only ad^

of his ca

It it not

I for a I

to malv



— -29

anterior crops. The more numerous these leavings

and the more they bring organic matter in decompo-

sition to the earth, that is to say the more manure^

the more do they assist in mellowing the soil and

•giving to it a greater adaptability to be influenced

by atmospheric changes. But although important,

the advantages of a good system of rotation in

producing sugar do not end here. Preceding vege-

tation also serves to extend and dilnte the nutritive

elements of the soil nnd thus improve the beet.

§ 5" MANIIRE.

It would be superfluous in the present state of

agriculture in Canada, and within the confined

limits of such a treatise as th^ present, to spAik of
the infinite number of manures both natural and
artificial that are in use in the old countries of
Europe. In these countries, where for a long time

agriculture has been forced, very many substances

have of necessity been used to return to the earth,

those principles which are annually taken from it

by the crops to prevent its being exhausted. Canada
has not yet arrived at this state ; its soil is naturally

rich and abundant, and it will be sufiicient for the

farmer, at least at present, to plough his land careful-

ly and collect such manure as he can. It would be

only advantageous to him to increase the number
of his cattle, to produce a larger quantity of manure.
It it not manv years since, in the countries in which
I for a long time lived, agriculture was not obliged

to make u-e of all those manures mors or less

•
\

I
i

II

( n1

till
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arlificial vvliich are now sold ; it had oiilv to learn

iiovv to make a prolltaljle use of all the riches which

were being lost everywhere on the farm. Within

reach of the farmer there were numerous precious

substances which they have learned to collect with

ihe greatest care. As soon as there was need he

eiideavourd to increase these substances. Cattle had

heretofore been only considered from a commercial

point of view, they were soon to be considered as a

factory for manure and they were increased as much
as possible. The old useless and even hurtful fallows,

nurseries of seeds of hurtful weeds, were replaced

by hue crops of fodder plants v/hich served to feed

the cattle and improved in place of deteriorating the

land.^he amount of fodder to be used was increased

:

the manure, from the stable,was placed in watertight

'jditches or placed in contact with purin where decom-

;
position set in, and it thus became more suitable to

give up in a shorter time its nutritive qualities to

the plants. The stale was directed to these manure

heaps to increase tlieir value, or collected in separate

vcisterns to be distributed over the natural or arti-

ficial grass lands. All the stray and hurtful farm

rubbish was gathered together and mixed with

lime to form valuable compost, to be applied, in the

fall, upon the fields being prepared for the culture of

lihe beet or in the spring upon artificial grass lands.

Under the influence of these improvements agri-

'i'ulture soon atti'acted to itsL'lf large capital, and

when the time came that the land required an

increase of man ire, wh'cli w;is not just at hand.
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the farmers were enabled to produce the necessary

funds for its purchase.

Thus, as I have said, the Canadian farmer in the

mean time need only turn round to find about him
a valuable and sufficient source of riches, for his

present use and future enjoyment. Let him work
his fields carefully, not lose any sort of manure, let

liim increase the quantity of manure within his

reach and make a judicious use of what he has, let

him adopt a good system of rotation, and if he is

active, careful and economical, I may guarantee

that he will not long fail to enter upon the

road that leads to fortune. Let him attach his son

to the farm, it is better for the son to remain a far-

mer than to vegetate in large towns, there to lose the

love of his family, the habit of working and spend

a life often useless both to himself and to society.

The principal manures that we have at our im-

mediate disposal are green and stable manure.

Green manure has been employed at all times

and in all countries ; it consists in plants that are

allowed to grow and are afterwards buried in the

earth. In North America red clover is not mowed,
it is merely buried as a manure. In this country

maize is often repeatedly grown on exhausted lands

for the same purpose. The green plant is each time

buried in the soil with its leaves and thus makes
more manure for the land. In France, England and

Belgium, buckwheat, vetch and theafter growth of

clover, &c., &c., are used for the same purpose.

These crops are buried when just about to flower.

11

il
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The wirmth of the air and soil tends to the rapid

decomposition of these organic matters full of sap

which snreads more evenly through the land than

any other manure and brings to it a rich provision

of nonrishment gathered for the most pari from the

atmosphere.

Green manure in being transformed in the soil

gives rise to such gaseous products, as ammonia, car-

bonic acid which can be almost entirely absorbed

by the land*, whilst the decomposition of nearly all

other manures is attended with serious loss.

These gases retained by the moisture of the land

afterwards give nourishment to the plants.

Green manures are specially advantageous for

beets, as they do not burn and do not introduce into

the root any excess of matter which might tend to

prevent the extraction of sugar. In the interests of

the manufacturer, we value the beets grow*
with green manure at a higher rate than those

grown with any other manure.

Green manure may be advantageously employed

in sparsely settled countries, in which there is a

great quantity oJ aid at disposal, because it avoids

expense in labor and cartage.

This manure may be also used in conjunction

with stable manure
;
manure is often spread over

the plants before they are buried.

Green manure produces the same effect as would
the manure of a herd of cattle who had consumed

three times the amount of fodder.
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Stable manure is the most used. It contains nearly

all the elements necessary for ordinary farming,

which the crops take from the soil. For beets, a fresh

dressing of this manure gives a more abundant crop,

but the juices of the roots are less pure and more
charged with organic and mineral substances which
prevent the extraction of sugar; it is therefore in

the interest of manufacture, bettei* to raise one crop

between the fresh dressing and the culture of the

beet, either a crop of corn, rye, barley or oats.

The manure, before application, must be kept in

such a way that it shall not become heated or dried

up, so *hat all its fertilizing qualities may be re-

tained.

Liquid excrements are an ex(;ellent manure easily

assimilated. It is estunated that urine has a value

equal to live times its weight of good stable manure.

To facilitate its preservation and use, it is collected

sometimes upon dust or dry earth. A pulverulent

and inoderous manure and one very suitable for

beet culture is thus obtained.

Lime has a very efficient action upon beets, it

fixes the free acids of the soil and prevents their

hurtful eflects; it also decomposes the insoluble

organic and mineral combinations contained in the

soil, and makes them soluble and adapted to vegeta-

tion. Lime thus revivifies and renders profitable the

inert treasures of mother earth, and brings about a

more rapid return of capital, a result everywhere

regarded as » considerable advantage. Lime is,

tkerefoi^. for the manufacturer an important meaas
3

I
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of securing good beets in as short a season as pos-

sible. It cannot exercise a hurtful action even if

employed in too large quantities so as to extract

from organic substances more ammonia than can

be retained by the earth. Lime does not exhaust the I

soil by prematurely subtracting therefrom, but

rather returns to the earth the interest of the dead!

capital lying enclosed in it.

Naturally lime is only useful when the soil has iiil

it large and undecomposed quantities of mineral andl

organic substances, and when the land is of itself!

neither active nor warm enough to extract all these!

necessary substances without assistance. Lime is

therefore a method of assuring the most prompl]

utilizing of the manure, and it is for this purpose

that it is mixed in compost. Lime decomposes organic

substances and it is through it that the hurtful

decomposition of plants is transformed into fermenj

tatior . which is necessary for vegetation.

Lime is used in various ways. Quicklime ij

mixed with vegetable refuse, cleanings of streamj

and ditches, and dust from roads. When the liinj

is quickly slacked, it is mixed as much as possiblj

with the other matters by moving the mass with

shovel. This manure is applied to fodder crops i|

the spring or on the same crops in the fall befo(

ploughing ; or, and very advantageously, upon tl

fields in preparation to receive thv<> seed of the beJ

Sometimes small heaps of lime are made regj

' tafly in the fields and they are covered with a fej

shovelfuUs of earth, and when the lime is slack)
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il is spread over the lield. This motliod is appli«?d

to lliu fields under cullivalioii and specially in llie

spring before sowing beets. The lime also is finally

slacked in a covered [dace and il is spread indiist

over the Held which is to be or has just been sown.

Tiie quantity of lime to be used per ar{M?nt is

generally from \ to 5U00 pounds or about 'tO bushels.

^ 0. sow INC, THK BEET.

All beets contain sugar, but all cannot be advan-'

tageously used in the manufaclure of sugar. In fact

the beet which is generally cultivated for cattle cannot

be used in manufacture. In addition to containing

only a small proportion of sugar, it contains in

greater (juantities albuminous matter which itself

is antagonistic to the extraction of sugar. The
presence of this foreign substance would not make
the beet unlit for distilling purposes, but it cannot

be employed with advantiigc for this jturpose on
ac(;ouut of its scarcity in sugar,and consequently its

poor return in alcohol. Thus, as I stated in the intro-

ductory portion of my work, beets to be suitable for

manufacturing into sugar, should contain a juice

which will show a strength of at least 7 degrees on
the Beaume areometer ; and further that these

juices must be sufficiently pure, so as not to hinder

the extraction of sugar.

In the manufacture of sugar several kinds of

beets are cultivated, the chief of which are :

Tktf SUeskn kel with the rose eelkr.

i
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The Silcsian beef uiilh the (jveen collar.

These beots arc originally from Silesia, an eastern

province of the Kingdom of Prussia. They are most,

generally cultivated in Belgium and France. They
are the richest in sugar, their tissue is ilrm and they

are better able to resist the influences of cold and

the like, and the firmness of their tissue permits

of their being easily kept. I have always seen

this kind used. I have known some farmers and

manufacturers to prefer the rose collar and some the

green, but their preference did not seem to me to be

based upon any industrial advantage. The yield of

the one cannot be considered to be better either in

quantity or quality than that of the other. For my
part, both for growing and manufacturing, I have

always preferred the green collar, and I must admit

that I can find no reason whatever to justify my
choice. Some however think that rose collar beets I

are apt to degenerate, but no positive experiment has

given rise to this opinion. It would also appear that

green collars are better able to withstand frost, but|

this again is a very rash assertion. However, farm-

ers often sow both separately and sometimes mixed I

half and half. The reason for this mingling, whose

necessity is not very apparent, seems to be easily,

explained, that influences might arise which would

be contrary to the one and not affect the other,!

and thus a good crop would be obtained at any rate.l

Beet seed consists in a hard envelope whichl

contains several small germinating seeds, sometimesi

3 and sometimes 5. Each small seed is made up of
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the germinating particle and another substance to

serve as the first nourishment of the plant, the fecula.

When the seed is exposed to moisture for a certain

time, the envelope is softened and the moisture

reaches the germ itself. Under the influence of this

moisture the germ swells and bursts the envelope,

the fecula is gradually transformed and is the first

nourishment of the germ, as milk is the first noarish*

ment of mammals. During this time, the germ
develops and the root shows itself and is soon

enabled to draw from the earth the nourishment

suitable to it. Two small leaves are then noticed

making their appearance and the root descends

vertically into the earth. When the two leaves

appear, the root has attained a length of about

2 inches. This root develops very rapidly and soon,

after one or two weeks, the leaves are strong enough
to assist the growth of the plant by a sort of breathing

or respiration of the air.

The influences necessary for germination are

air moisture and moderate heat. If one of these in-

tluences is absent the seed cannot germinate, or if

it germinates, vegetation languishes and the germ
will soon die. Thus you may keep the seed in dry-

air and in any heat, without it ever germinating
;

a too low temperature prevents germination. For

as a seed can germinate in vacuo or in water,

although apparently deprived of air, it does so, be

Gauss water always contains to a greater or less

degree a certain quantity of air, and the vacuum
could not have been altogether absolute, so that a

fl
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small qiiaiilily of air iiiiist liave vcmaiiiod. sufficient

for gorminating the seed, but which in a short time

is insufficient for growth and the young plant soon

languishes and dies. .

At first heavy moisture does not seem to hurt
•J

germination, but if prolonged the plant is soon seen

to wither. Too great i:eat would prevent germi-

nation and growth : both heat and moisture must

be within the ordinary natural limits.

Some seeds of plants retain their germinating-

X)Ower for many years, others again lose it in

a very short time. Beet seed for example germi-

nates less quickly at the end of two years, and

becomes more and more slow until it at last loses this

power altogether. In this connection I will mention

what occurred to myself as an example which

those who intend to undertake the culture of the beel

may profit by : it happened in 1869 in Belgium.

I then managed a factory in the province of Hainaut

and had to supply seed to sow 600 arpents of land,

the contracting farmers being obliged by their

agreement to use onlv the seed furnished to them.

The quantity of seed required was about 8000 lbs.,

say 14 lbs. per arpent. I had grown on account of

the factory the seed required ; but 1 had 200 lbs.

remaining over from the preceding year which I

intended to supply to these farmers whose land

»eeiT\ed more adapted to hasten germination, or|

which were early ready for the seed. I was more-

over certain from experiments made that the seed I

had in no way lost its germiRSitii)§: qu^litjr. But
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during an absence of a few days, one of the factory

hands, whom I had entrusted to serve out the seed

to the farmers, mixed this seed with an equal quan-

tity of the new seed. The error was irreparable,

as the seed had been delivered before my return.

I took note of the farmers to whom it bad been

delivered and observed the consequences : a portion

of the seed, undoubtedly the new, came up in ten

days, and every one, except myself was surprised

that the plants were so far apart : eight or ten days

afterwards liowevtu* the balance of the seed sprang

up. Unless under favorable climatic circumstances

this would have caused great inconvenience, but

nothing came of it, as on thinning out sufficient

plants were found to cover any vacancies and the

crop did nol suffer. However the case seemed to me
of sufficient impGi'tance to put me on my guard in

the future against its repetition. I must also warn
my reader's against such an inconvenience. They
must endeavor to secure seed grown the preceding-

year or at least not more than two years before
;

and specially if thoy have seed of two different

years let them take care not to mix them, but sow in

different fields the seeds of different growths, and

place the oldest in the most active fields and in

those that are soonest sown.

On this subject of seed I would ask those who are

engaged in the culture of the beet not to neglect

trying it first. Fur this purpose, before sowing, u

small box with proper earth is placed in a room and

a ceitain number of seeds, carefully counted and at

ly. 'I

if

i

a

;:i
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proper distances are placed in it. If after ten or fifteen

days this seed has for the most part sprung up, it

may be concluded that the seed is good ; but if

after three weeks the seed has not sprung up, it

would be hazardous to make use of it, and it would
in such case bo better to lose the seed than risk the

crop. The temperature of the room in which the

experiment is to be tried should be from to 60o to 70*

Farenheit.

Beet seed is sown when the earth has become
sufficiently warm, has reached from 50^ to 54" and
when the later spring frosts are no longer to be

dreaded. This sowing takes place in France during

the later part of April and the month of May. It

would be about one month later in Canada. As I

have already stated, as soon as the fipe weallier

commences in the spring the land is prepared by
superficial working, so as to make the top soil very

fine, a harrow and roller being used for the purpose

/ must again insisl that in no case must the tund be

tvorked^ for this purpose^ unless dry. The sowing is then

proceeded with, also in dry weather. When sowing

is done by machine 14 pounds of seed per arpent

are required ; this quantity being reduced to 8 or

10 pounds if hand sowing is used. Some farmers

sow beet seed as it is, without any further prepara-

tion ; others with a view of hastening germination

use certain preparatory processes, so as to make the

seed have more vigorous germs and to preserve the

seed and young shoot from the attacks of insects.

If good beet seed is sown in soil well prepared,
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Ill prepared,

that has a natural temperature of from 50 to 54o, it

will take 10 or 1 5 days to spring up^ but this time may
be shortened by one half, if the grain before sowing

is exposed to suitable moisture and an equal tempe-

rature, if the temperature is increased to a mode-

rate degree not exceeding from 65o to 68o during

this preparatory operation, the time required for

germination may be further shoi'tened by two or

three davs.

Steeping the seed in water at 65" causes incon-

venience, as the water carries off from the seed cer-

tain soluble substances necessary to it ; but this is

no longer the case if it is streeped in urine or purin

at the same temperature, which instead of abstracting

nutritive qualities, impregnates it with fertilizing

principles ; aqd it has been noticed that plants from

seed subjected to this process are from the very first,

much stronger and more capable of resisting the eoii-

trai'y influences that may arise. Another advantagt

is that the employment of purin prevents the drying

of the seed if a short time only elapse between the

operation and the sowing.

A good fresh seed, soaked in purin at 65^ during

H days and afterwards sown, rises in 5 days or at

the most in 7 or 8 days. But the great advantage of

this preparatory process is that it gives special energy

10 the growth, more particularly during the first

fortnight, and it is thus of the highest importance
;

in fact at its first appearance, the plant is very

flelicate and may easily be injured by insects, or

changes of temperature and it is absolutely essential

'i-m

i

i
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lliat it should in as short a time as possible, acquire

sufficient strength to resist these influences. The
importance of this proceeding being thus shown, it

is performed as follows :

The seed is steeped for 48 hours in juice of ma-

nure, and afterwards kept damp for two or three

days in thin layers of 4 inches(in sacks for example).

In this way it remains without heating five days at a

temperature of from 60" to G5'>.

As an example of the effect of this system, T will

cite one instance : the same sort of seed prepared and

unprepared had been sown, otherwise rmder iden-

tically the same conditions; on the [•2th april the

unprepared seed and on the 1 8th those that had been

prepared. The prepared seed sprang up on the "2Gth

april, that is to say at the end of 8 (tays, and the

unprepared on the ^nd may, that is to say, at the

end of twenty days, sav a difference of 12 davs.

If prepared seed is employed, care must be taken

l)efore sowing, to mix it with dust, so that it may
pass througli the machine easily.

Whether prepared or unprepared seed is used,

it must be sown.

The soil has received all necessary preparation,

and presents a well evened surface of fine earth,

free from lumps, in fact it is ready to receive tlie|

seed.

The time for sowing cannot be fixed bv absolute!

rules, for each region and eacli year even, special

circumstances arise which mav modifv the choice!

of the

land :

frosts

witho

Be
rows.

mg on
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seed is used,

of the time. As I have above stated, as soon as the

land is sufficiently warmed and the later springy

frosts are no longer to be dreaded, the sowing must

without further delay be commenced.

Beets are sown in clusters, or in ridges or fur-

rows, by the hand or machine. Let us first notice

hand sowing which can only be used in farm-

ing on a small scale.

There are two methods of proceeding : In the

first, we commence by laying out the field by tracing

either with a pallet or tambour, drills that cross one

another. The points of intersection mark the places

in which the seed is jilaced.

It is to be noticed that the most suitable depth

is about one inch. The distance between the drills

should be from 12 to 18 inches. Several seeds ar«

placed in each place so as lo ensure su< ''ess.

In the second process, two parallel eords are

stretched from the extremities of the field witfe

knots to indicate the divergence of the lines. Between

these two cords are placed other threads at right

angles, also with knots showing the places in which
tlie seeds are to be sown. The farmer makes a hoi*

in these places in which he deposits several seeds, 4

or five, and covers them over with a little earth,

lightly pressed down.

This process is called cluster sowing. The seeds

thus sown together spring quicker on account of

the heat generated in germinating. The young shoots

are better able to resist the night chills, and give *

*11



u

sufficient provision for the insects, so that at least

one plant will remain and the harvest be thus

assured. However there is one inconvenience, that

is, the young roots often get entwined together and
on being thinned out, they are liable to the danger

of being uncovered.

But I repeat that hand sowing is suitable only

for restricted operations at the best, and the use of

Tneclianical sowers is a necessity, if beet culture is

to bo at all carried on, on a reasonable footing. At

any rate the work done by the machine is more

regular than that done by hand, even when most

carefully performed. The sower always deposits the

seed at an equal depth, which is very important in

regard to the regularity of the crop, and further its

use is more economical.

A great number of mechanical sowers more or

less perfect are in use.

A few days after putting in the seed, when the

land is sufficiently dry it is passed over with the

roller. The top soil is rendered smooth so that it cov-

ers the plant better, which insures the success of the

sowing. The roller again makes the surface more

even and consequently the isolation of the plants is

better secured and each root can thus sprout sepa-

rately.

Sowing by machine is generally in uninterrupted

lines, that is to say the seed is deposited all along

the.line.

When the seed has missed in certain places and
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there are vacant spaces, these are filled by plantings

in young shoots when setting out and even after-

wards.

NoTi.—The distances between the drills of beets are from

one foot to eighteen inches. The lesser distance for very rich

lands, and the greater for those less lich. In general 15 inches

is the distance in use. The distance between th« beets in th«

drills is from 8 to 10 inches and the rule is governed by the same

tircomstances as for the drills. The reason of the rule of greater

or less distances as the soil is poorer or richer is, that the root

increases on account of the richness of the soil, and the apace

left each to germinate, so that with the same distances a rich soil

would give larger beets. But the larger a beet is in size, the less

rich is it in sugar, and the juice contains a larger quantity of

water and foreign substances. By diminishing the distances for

fertile soils, the beets are forced to ripen in better condition as

to size, and the return is not diminished, for if the root i«

«liminished in size there are mere of them and of a better

quality.

§ '7" Culture of the Beet.

Beet culture, properly so called, includes every-

thing that should be done both to the ground and

plant from the time of the appearance of the shoot

until its final maturity. It includes the destruction of

the weeds, the clearing of the young plants and the

various ploughings or delvings which tend to soften

and make pervious to the air and moisture, the

upper coating of the soil.

The young plants, being elastic and vigorous,

soon rise from their confined posilie*; caused by the

seed and stand upright. Two small and tender

^1

m

ill
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leaves first rise from the earth and seek the light.

In favorable circumstances this should accur in 15

days. At this time the sprout and roots are about 3

inches long, in all. The position of the plants is thus

easily noticed in the ground, and it is at this time

that the hoe should be first used to destroy the weeds

on their first appearance, and assist the growth of

the beet. This work should be very superficial and

should not descend further than the thin hard rust

which covers the ground, that is to say, at most

one inch in depth. In countries densely peopled and

where labor is plentiful, it is easy to have this work
performed, which is done with great rapidity, by

children. But in countries w^here labor is scarce, it

must be omitted. This operation destroys useless

plants, which would deprive the beet of a porUon

of its nourishment and might later on retard its deve-

lopment. However economy here is to be regarded.

This work should be attended to as much as possible,

but must be omitted if too expensive on account of

the scarcity and cost of labor.

When the beet has four or five leaves and has

attained a certain strength, it is next submitted to

an operation which is called : mettre en place. This

operation is specially for beets in drills; it consists

in rooting out with the hoe, in the drills, useless

beets, and in leaving in proper places only two, three

or four plants. The spaces between, should be from

8 to 10 inches, and are made with two strokes of the

hoe, of an ordinary size. As soon as the mise en

place is completed the final clearing up is proceeded

8"i
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wilh : for thib purpose-, tho plant that appears to be

the most vigorous is held in the left hand, and with

the rightallthe others are removed, care being taken

not to uproot the plant that is to remain. This should

be done in damp weather, so that the plants lobe

uprooted will come up (s'lsily.

Immediately after the separation of the roots; the

land is carefully ploughed over so as lo destroy ....

weeds and render it softer. The soil is thus separated

and the air more easily penetrates it and gives new
nourishment to the roots. This second ploughing,

in separating the soil, increases the earths power of

absorbing the moisture of the air which penetrates'

that portion of the soil in which the rools are, gives-

new principles to the beet and assures a vigorous

growth. At the same time the softening of the earth,

allows a more vigorous growth of leaves and this-

again causes more speedy and abundant produc-

tion of sugar, for sugar is not secreted until the

leaves have attained their full growth.

From this time until the leaves attain their full

maturity this operation should bo repeated as often

as possible, due regard being had to ecimomy. Some
times it is twice repeated, at others, three or four

times. The oftener this work is done, the qnickerwill

be the growth of the l)eet. To economise time and

labor, machines are used for this work. During the

month of August, when the leaves hav(^ attained a

sufficient growth all work is stopped. The plant

then seems to sleep, as it has then no exterior

i

m
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growth. Up to this time the root will not be a great

size, the leaves alone being developed. Now the

leaves become stationary and the root rapidly

increases in richness of sugar, until complete matu-

rity. I must observe that in the various ploughings

and especially in the first, care must be taken not to

disturb the earth near the young roots, which if

done would cause an increase of the green portion

of the head, which contains less sugar than those

parts which have not been in immediate contact

with the light and exterior air. And here, I will also

remark, that the uppei' portion of the beet, that

wbich rises out of the earth, is always poorer in

sugar and more rich in foreign substances than the

other portions ; the advantage therefore of culti-

vating a beet whose head rises little above the earth

is apparent; the Silesian beet is the one that best

answers this purpose.

Before closing this chapter 1 will give two tables

showing the value of the different parts of the beet

and the value of the Ix'ets at the different periods of

its growth.

Head of the root 9.38 per cent of sugar.

Other portions 13.13 '• *'

If the large quantity of hurtful matters contained

in^the outside of the beet is taken into account, it

will be seen bow muc'.i less is its value than the

other portions.

Quantity of sugar, "n i hundred beets, during the
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different periods of their growth and the correspond-

ing weight of the roots.

20July 5 2Joz.

9 August 5,8 10 ''

31 August 8 1 lb. 4

l;^ September 10 1 lb. 8

20 September 10,5 lib. 9

11) October i'2,'1 2 lbs.

§ Harvesting the Bmr.

The beel in ripening gains its maximum of rich

ness in sugar. Then is the time to take it up, to

pull it out. This ripeness, which comes about the

end of September or middle of October, manifests

itself by the yellow appearance of the leaves, which

get covered with red or brown spots and droop. To

pull up the beets, a fine dry time is chosen, eare

being taken that the beets have previously had a

few dry days so that the skin be less watery and

more firm. The beets will only increase in vahi«

if they remain 'later in the ground, as long as tha

thermometer does not decrease to 40<\

The beets are taken up with a spade or plough
;

they are lightly shaken to take off the larger part of

the adherent earth, and the head is cut off with a

sharp knife. Until they can be carted ?iway, they

are placed in small heaps or in lines on the ground,

and are covered with the leaves that are cut off.

When pulling up or Cc'*i ting the beets, great ear*

i
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must be taken not to hriii&e or wound Ihcni, as it

would tend to Iheir being spoilt on being kept.

Beets should be kept secure from frost, for manu-
facturing purposes. This root is very susceptible lo

•iold and it deteriorates if exposed to a temperature

higher than 40 degrees ^ at 'io^^ and 50" it germinates.

Frost softens the beat and destroys its sugar. A frozrn

beet stays good, as long as it is not thawed, but as soon

as this sets in, tlu; beet is useless for uianufacturiug

purposes.

In Belgium and in France, beets are kept in pits:

For this purpose, a ditch is dug in a dry place, i feet

in depth and 5 feet in breadth, with a varying

length. Along the bottom there is a drain to air the

pit and drain off the water. The ditch is covered over

with long be^^ts, and the pit is then filled up with the

roots, the top being arranged in the form of a roof

about two feet above the level of the ground. The

upper part is covered by about a foot of earth and it

is smoothed down with a shovel. To ventilate the pit

cJiimneysare placed at the ends or at regular distan-

ces, connecting with the drain, and *these may be

closed at pleasure.

Beets are often kept in the open air in heaps

5 or 6 feet in height and of irregular lengths and
widths, ventilating shafts being set up, and the

heap is covered with a layer of bad hay, and at the

time of the frosts, a thick coating of earth is laid

against the end walls.

But these precautions would be insufficient in

this country to ensure the beets against the rigors
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or the season, and it is absolutely necessary to liave

recourse to I he plan in use in Russia, of keeping

them in cellars. If tlie expense of this method is a

little high, it also economizes considerably the cost

of labor and further insures that the beets are better

kept, as they can be daily watched I saw, in IHT'i,

at Gobourg, Ontario, a similar system which fully

answered the purpose, and the beets that I saw, at

the end of March, were in a perfect state of preser

vation, which is almost unheard of in France, at

such an advanced i)eriod.

^ 9 Value ok thk Beet.

A beet is all the better for being regularly grown,

that is to say sown in a pmper field, properly pr<^-

pared. .'uid th.it the season has b(;en favorable to its

gpi'minalion, growth and maturity.

Beets grown in web lands, immediately after

fresh and too heavy manuring are larger, but they

are far from having the same value as beets grown

in drier lands and after a crop of corn has been

raised between the manuring and the crop of beets.

They contain relatively more water and foreign

matter and less sugar. A rainy season also favors

vegetation, but only gives very watery beets, rich

in foreign substances but poor in sugar.

Among the foreign matters, contained in beets

and which must be considered in the manufacture,

are azote substances and alkaline salts of potash and

soda which flow with the juice as well as the sugar.

$aUn« ^ubfUinces do not destroy the sugar bistt |»r«-
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vent its crystallization. We will see that the elimi-

uation of these substances is the greatest difficulty

to be encountered in the extraction of sugar from

beets. Beets for manufacturing purposes are better

in proportion as they give a juice, richer in sugar,

rs compared with the amount of juice and also to

the quantity of soluble matter which is contained

in the juice.

I here give a table showing the composition of

the beet at the various periods of its growth and

maturitv.

Table of the matter contained in the beets in an acre of

}<ind^ at the various periods of their growth and

maturity^ calculated in pounds.

s§ s

00

o

July so I 66

Augo«t 9...

" 31...

fteptemb. 15

" 30.

October 16..

239

445

671

en

736

90 ae

im '-! M a ^,

i Miners

ubstanc

^1

37

IB

26

BO

82145 356 2310

128 582 86 281 1266 9077

246 1727 197 343 2958 169Y2

408 2440 202 245 4066 20000

679 3203 209 887 6150 23315

921 3891 214 398 6029 25371

o

26^6

10343

19930

24066

£ -»3

5.

5.8

8.7

10.

28466 11.5

31400 12.4

I must here add a few observations concerning

the keeping of beets.
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ns concerning

After being taken up they are left for a few days

on the ground, in heaps covered with leaves, before

being carted away. This is done so that they may
lose a certain portion of their heat and be less exposed

to ferment in the heaps. Too much care cannot be

taken of beets, when in heaps. They should be pro-

perly ventilated so as not to become heated, but care

must be taken not to open the ventilating shafts,

except when there is no danger of frost getting in to

the heaps. In France, after January, the beet wakes
up and has a tendency to grow and consequently

it gradually loses its value as this vegatation is at

the expense of the sugar itself. All manufacturers

thus so regulate their work, so as to finish by the

commencement of the new vear, that is in three

months. In Canada, beets can be very well kept until

the end of March, without any great loss, so that

with a factory fitted up similarly to those in Belj^ium

and France, double the quantity of sugar could be

here manufactured. Every one will understand the

advantages thus derived. Instead of being prejudi-

cial, the long winter of this country will thus really

become an advantage.

With proper care, beets in heaps are seldom

heated or fermented. If this does occur, the evil

should be immediately remedied, if it is only local,

by removing the beets where fermented and culling

out those already commencing to spoil.

§ 10. PRODUCTION OF THE SEED.

The beet is a biennial plant, th.it is, it only com-
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l)l<3tuly tiiiishes its vejieLatioii in two years, and it is

in the second vear that it bears seed.

grei number of dillerent varieties of beets are

met with whose .ueneral qualities do not change, so

ihat fodder beets do not l)ecause sugar beets and

vice versa.

If seed of I he sugar beet is wanted to be repro-

duced, the best sorts must be selected, at the time

of harvesting the crop of the first year, and tliese

must be carefully preserved. This choice must be

regulated by the form and nature of the root.

Beets are cliosen that have tlie following charac-

teristics, tap rootL^d, clean and with a resemblance

to a [)ear.

Leaves ci'isi) and serrate, and not too numerous.

A medium size.

A specilic gravity i-elatively high.

The Jieets, whose head rise as little as possible

above the eartli, should be chosen. •

When tbc beets are being taken up, the dille-

rent corn sowed lields, wliich appear to have sue

ceeded the best and which give beets very rich in

sugar should be visited. Sandy clay lands in good

heart, which have not received a fresh coat of manure
immediately jjefore the beet crop, give the best beets

for seed. Having made a proper choice, one of the

liands is stationed to overlook tiie taking up and

picks out and lays aside those beets which seem to be

most favorable for the olyect in view. Great care

should lie taken not to hurt the roots^aad the leaves
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only are to be cut off with the knife by taking

off the head without touching the flesh of the beet.

These beets are then carefully placed in pits or in

cellars and withdrawn the following year, to be

replanted.
,

The land to be used should be a good beet land

prepared as for sowing. It should be in good heart,

but should not be strongly manured, as a strong

manure would induce too quick vegetation," which
would retard the ripening and render it unequal.

Good compost and lime will do perfectly well, if

applied before transplanting, the lime to be lightly

turned in with the harrow. The beets are then plant-

ed in squares, with a distance of two and a half feet

between the rows and two feet in the rows, so that

there will be about 3200 plants in an arpent. It is

well to cover lightly the head of the root with earth.

One thing that must be particularly guarded

against, is that there should not be in the vicinity,

any field sown with seed bearing fodder beets, for

the wind alone might bastardize the kind and take

away the greater part of its value.

When the seed is ripe, which is recognized by
the brown tinge, taken by the extremities of the

stem, the plants are cut and laid carefully on the

ground to finish the drying, they are then beaten

with the flail or otherwise.

The seed is then cleaned and placed in a dry place

secure from mice, to be kept.

Each stock of seed bearing beets will give about
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a half a pound of seed, say for one arpont of 3'200

feet, 1600 pounds. If we calculate the value of this

seed which in France averages 100 francs for 100 Av7o.s

or cents per pound, the crop will be worth $1 44.

The cost of production, &c., amounting at the

most to $44, leaves a clear profit of $100 per arpent.

§11. ECONOMICAL CONSHIERATIONS

th(

resent

Before terminating this important chaj

cultivation of the sugar beet, I will

economical considerations.

Admitting that the sugar indu .( -y be estab-

lished in Canada, the culitvation of the sugar beet

itself for manufacturing purposes will pay those who
engage in it. To establish this, it will sutTice to give

a table showing the expenditure necessitated by its

cultivation and to compare the expenses with the

receipts.

An acre will yield from 16 to 20 tons of beets,

with their heads off, or 640 to 800 bushels at the rate

of 40 bushels to the ton. These beets could be sold to

the factories at the rate of $4 a ton or 10 cents a

bushel.

This is the average price paid in the different

countries in which the sugar industry is established,

and is in fact the real value for manufacture, so that

this price could hardly be increased without gravely

compromising the interests of the manufacture and

«ven perhaps its existence ; and since the sugai

industiy is called upon to assist the a§^icuUu?al, the

latter

impos!
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latter must not by ex-aggerated notions render this-

impossible.

Let US suppose the average yield to be 18 tons or

720 bushels ; at 10 cents per bushel the receipts would
be $72.

Rent, manure, preparation of the soil.. .$12.00

Seed 14 lbs. « 18 cents 2.10

Sowing, hoeing, transplanting, planting

out ; 8.00

Taking up 6.00

Cartage 6.00

Total expenditure $34.00

Balance... 37.90

720 bushels of beets a 10 cts $72.00

We therefore have a clear profit of $37.90.

It is to be noticed that I include in the sum of

e.xpenses, the rent of the land, manure, preparing the

soil, expenses which are the same as for cereal crops

or for potatoes. The sum of the other expenses is no
doubt less for other crops, but these will be more
than compensated by the high figures of the receipts.

As to estnblishing the price. of 10 cents per bushel,

it has often been objected that in the town markets

table beets are sold at a much higher price. This is

perfectly true, but the production of sugar beets for

manufacturing purposes, does not nelong to market

gardening as that of table beets, but to growing on*

a large scale. In fact, it will not require less than

5 or 600 acres of beets to supply one factory, whilst
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"1ii

the crop from 10 acres of red beets is probably more
ihan sufficient to supply the whole of Quebec city.

On the other hand, tliose who have a little expe-

rience in this matter very well know that where

700 bushels of sup^ar boets could he raised, 3(10

bushels of red tiiMe beets con Id not be grown.

An equal basis (if comparison cannot then be

established betwucn these two products, destined for

such ditferenl purposes.

If beets ai'e considered as fodder for cattle, so as

o determine the.r value, (Experience has shown
that 1000 pounds ol j,'ood hay are equal to 4000

pounds of beets or 71 bu:diels as a nutritive agert.

Hay is sold on an average at $10 per 1500 pounds,

(100 bundles) the e<juivalent in beets of these 1500

would be 601)0 pounds or 107 bushels and we would

thus have a cornparative value a little over 9 cents

per bushel.

On the other hand, the culture of the sugar beet

is not in any way intended to supplant any of the

other usual crops; it should take its place in the

rotation and tend to the establishment of a regular

system of rotation of crops, and it is destined to im-

prove the whole agricultural system by the special

care which it requires.

After the crop of beets, the heads that have been

cut off with the leaves remain on the ground. These

may be taken, for an average crop, as weighing

iO.OOO pounds.

This refuse is always ploughed into the land and



obably more
Quebec city.

. little expc-

that where

raised, 300

^ruwn.

not then be

,
destined lor

• cattle, so as

has shown
]nal to 4000

iritive agert.

1500 ponnds,

if th<^se 1500

id we would
over 9 cents

e sugar beet

any of the

ilace in the

|of a regular

itined to im-

the special

it have been

)und. These

weighing

Ihe land and

— 50 —

thus forms a natural manure. But, when required,

they can be fed to the cattle or the cattle can be

pastured on them as they are. Their nutritive value

is one sixth that ofgood hay ; so that 1 0,000 pounds of

this waste used in this way, would equal 1600 pounds

of hav.

By what precedes, the importance of introducing

the sugar industry can be seen, in an agricultural

point of view and the great advantage to be derived

from its establishment. This importance and these

advantages should of themselves stimulate farmers

to make serious attemps to plant beets, even although

factories have not as yet been established. They
would thus know what to depend up on, as to the

return to be received, when they are established, and

in the meantime their efforts would not be lost,, as

they would always have as a crop, a fodder root

whose nutritive value would recompense them for

their labor.

I conclude hy repeating thai the land of Canada
i-equires only a little elfoi't, work, courage and ac-

tivity on the part of its farmers Lo secure to them
a foi'tune. Let them sincerely advance in the way
ol" progress, and tiiey will soon see their fields co-

vered with rich harvests, their stables tilled with

fat cattli!, their hovels changed into small chatea^is,

Hud their empty cotfers overllowing with dollars.

My prediction is by no means hazardous
; I hav»

seen the same things happen in other places.
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SKCOND PART.

Of ME! ROOT mkl

GllAPTEH FIIIST.

GENERAL REMARK-?.

The s€>oond part of this work is divided into

three chapters, subdivided :ito sections.

Although nriy work is intended specially for

those who Ii.'ive not made special studies, I think it

my duty In include a few ideas on chemistry,

which I will endeavor to bring within the compre-

hension of all those who may read it. These expla-

nations are, at any rate, requisite for the necessary

mnderstanding of this part of my work.

§ lo EL.EMENrARY mEAS ON CHEMISTRY.

Every thing that can be perceived by the senses

is called a body. Bodies are solid, liquid or gaseous.

Atoms are infinitely small particles which have

altogether the identical properties of the body itself,

and which together compose the body.

Solid bodies are those whose molecules cannot be
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separated, except by tho use of more or less force :

exaniple : sugar^ imn.

Liquid bodies are those whose liiole, dies do not

particularly adhere together, but move over orw ano-

ther and are separated without efffuM. Kx. wnHfir and

alrnkol.

Gfiseoas bodies are those whose molecules, far from

adhering, have a tendency to separate and to fill a

larger space. Ex. oxygen^ aii\ steam, carbonic acid.

Bodies are simple ov compound : Ihey are simple

when composed of only one element ; such as

orygen^ hydrogen., azote^ carbon., rMoral, sulphur.,

phosphorus, potassium, sodium, calcium., iron.

Bodies are compound.^ when composed of the

Junction of two or more simple or compound bodies

commingled together. Ex. water is composed of

oxygen and hydrogen
;
carbonic acid ol" (jxygen and

carbon ; sugar., of carbon, hydrogen and oxygen
;

lime of calcium and oxygen ; carbonate of lime or

lime-stone, of lime and carbonic nr'id. These com-

pound bodies have special properties different from

those of the simple or compound bodies which
compose them.

Affinity is the property of bodies to combine and
form other bodies ;

it is this propfty which gives

carbonic acid a tendency to combine with lime to

form corbonate of lime.

Cohesion is the property which retains atoms to

one another in solid bodies.

Solubility is the property of solution, possessed *1>7
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J)odies, of mehiiig in liquids, to form a mixt'ire and

not a combination ; for in combination, bodies

unite to form oth^r totally distinct bodies, and in a

mixture, the bodies although intimately bound up
retain their own properties, that is do not change
their nature.

Oxygen unites with different bodies to form acidm:

with sulphur it forms sulphuric acid, with carbon,

carbonic acid. Acids .n^dden the blue tinge of

litmus.

In uniting with other bodies, it forms oxides as

lime, potash, suda, composed of oxygen, and cal-

cium, potassium and sodium.

These Vi'^n- bodies are called alkaline ba.sea and

are the b.is s oi alkaline sails. They brinj* back to

litmus th ' !i iie color, reddened by acids.

Acids and oxides unite to form combinations,

which are called salts. Ex. limestone or carbonate

of lime, carbonate of potash and oi* soda are the re-

sults of tl^^ combination of carbonic acid with lime,

potash and soda.

Sugar sometimes acts like an acid and unites

with lime to form sugar of lime.

Bodies are dissolved, are melted in liquids and
form soluiions. Sugar dissolves in water.

The solution of a body is called concentrated., when
the liquid which contains it, contains all of the body,

that it can dissolve and no more than it can dissolve,

at a given temperature. In this case the liquid is

said to be sahuuttd with the body held in solution.
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Thns we say a roncentrated solution of sugar i»

water, or water saturated with sfij^iir.

At a tern pf*rata re of 58" F.ihr., water dissolves

three times its weight of sugar. The higher the

t'»mperatun» is raised, sugar bi'conies more 60-

hible
; so that at boiling point, that is to say at 2!>,

water dissolves six times its weight. Pure alcohol

does not dissolve sugar, but ordinary alcohol, at 8,S

per cent of pure alcohol, and I") of water, dissolven

one fourth of its weight.

This property in sugar of dissolving in water, ii

greater or l»,'ss (juantity, as the tf>m[M'ratupe is mor«

or less elevated, brings us to the isnLaii".! <*\' sugar

when dissolved ;
and as this is one of ih' general

principles upon wliirh the nianufachirer .-is, ( shall

enlarge upon it.

I iiavejust stated that water is saluraled witk

sugar lor with auv hodv whatever) when it dissolves

all that it can c«ntain. If we have 1 00 pounds of

water saturated with sugar at boiling ijoiut, this

water would contain 600 pounds of sugar in solution.

Let our solution cool down to 58" Fahr and notice

what occurs ; at this temperature ov^^r I DO pounds

of water will hold in solution 300 [)ounds of sugar,

and can only hold these 300 pounds. We would

then have 300 pounds of sugar not in a state of so-

lution. These 300 pounds of sugar become depo-

sited in the liquid in the shape of crystals, and if

we were to drain off these crystals, if we were to dry

them, we would have 300 pounds of dry sugar, that

is to say one half of that which the water contaiiied
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dv contaiDbed

at hoiling point, and the other half still in tke

liquid. If we wish to gather the rest of the sugar,

we would raise the temperature of our solution

again to boiling point, then by evaporation we would
bring it back to a state of concentration. Cooling

would give us 150 pounds of sugar.

A fnrther evaporation of 25 pounds of water

would give 75 pounds of sugar, and so on.

By continuing this process, all the sugar conUined

in a solution oi pure aufjar ia extracted.

Notice that I have underlined the words pure

su(;ia>\ designedly. In fact, a solution of sugar may
contain certain foreign substances which more or

less retard crystallization, and this is the case, as

will be seen fnrther on, with the juice of the beeft.

This does not occur in making maple sugar, as the

sap of that tree is a solution of pure sugar. ' In this

latter case the temperature of the juice of the maple is

raised until it no longer contains any vegetable water,

so that in cooling it gives a solid mass of very small

crystals, without ev*'n a drop of syrup.

Sugar crystals are much increased in size if they

are formed by a slower cooling and from a weaker
solution. This explains the fineness of the grain of

maple sugar in cakes. By proper processes, grains

as large as those of candy could be obtained, or

grains similar in size to those of loaf sugar.

The details just given explain what takes place

in evaporating the juice and bailing the sirup, and

will facilitate the understanding of these opera-

tions, when explained.
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J 2. COMPOSITION AND DKC0MP08ITI0N OK BODIKM.

"We have seen that simple bodies combine to

form compound bodies (acids and oxides) and that

^hjSfie latter combine to form other more cpniplex

bodies called salts^ as carbonate of lime ^ suerale of lime.

ySQ will see that one of the most important opera-

tions in the manufa(!ture of beet root sugar, the

purifying and clarifying of the juice, depends on

these principles.

Ail my readers have observed another pheno-

menon, by which two compound bodies in sohition

in a liquid may act one upon the other, not to com-

bine together, but each to take from the other one

of its elements and to form new and distinct bodies-

This is often done, when an acid is placed iii contact

with a salt and that the bane of this aall has more

affinity for the other acid than with which it is in

combiuaticn. This is everv dav noticed in the

manufacture of gaseous waters. It is known that

the distinctive quality of this water is carbonic

acid, retained in solution in water. To produce

this carbonic acid gfis, water is dissolved in tartaric

4iciU and soda or carbonate of soda, tartaric acid has

piore affinity for soda than carbonic acid, that is to

^ay, it has a greater tendency to unite, to combine

with this base. As soon as tartaric acid is found in

presence of carbonate of soda in the solution, the

l^XUiT is decomposed, the tartaric acid drives away
Jjhe caibonic ^cid and takes possession of the prin-

cipal ingredient, and forms tartrate of soda and the

carboni

water,
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carbonic acid gas is liberated and mixes with the

water. The reaction becomes apparent by the effer*

vescence of the liquid, due to the bubbles of car-

bonic acid that have been liberated.

One stage in the manufacture is explained by

this fact, which is the principal basis of our system

of working.

As will be afterwards seen, bnet juice contains,

in addition to sugar and water, different foreign

substance s which must be first eliminated, as they

U»nd to decompose and to destroy tlie sugar and

prevent it from crystallizing. These substances are

first azote matters, as albumen, which destroys the

sugar by causing fermentation
; coloring matters

and different substances held in solution in the

liquid. There are also salts of pvjtash and soda of

which we will speak later.

To purify the juice, milk of lime is used, which,

under the influence of heat, decomposes, destroy*

and precipitates the azote principles and coloring

substances, in an operation which we call defecation

We have also seen that sugar forms with lime

salt called sucrate of lime.

When the juice is to be purified, it is mixed witk

a (juantity of lime sufficient to combine with the

sugar and an excess of lime capaole of having

complete action overall the foreign azote substances

The sugar is thus detached and the action of the

surplus lime on the foreign substances produces all

its effect. But the action of the lime cannot be pro-

I



— 68 —
Jonged the purifying, and beyond it must be detaclied

Jfrom the sugar for which purpose the action of car-

bonic acid must be employed, which has a greater

alJinity for lim" than sugar. To effect this, a current

of carbonic acid is directed into the liquid mass which
takes up the lime and forms with it carbonate of

lime. This carbonate, when being pre^ nitated to

the bottom of the vessel in which the operation is

carried on, diaws with it all the impurities con-

tained in the Jiiii^e and when settled, leaves the

latter colorless and limpid on the top of the muddy
deposit of carbonate of lime and decomposed matter.

This juice then only contains sugar and salts of

potash and soda, and a small portion of organic

matter which escaped the action of the lime.

In establishing this new jH-inciple which serves as

a basis for tiie manufacture, I wished to avoid

entering into embarassing details, when explaining

Ihe purifying process. To complete my explana-

tions I will show the manner in which carbonic

acid is manufactured.

§ 3. PRODUCTION OF CARBONIC ACm GAS.

To prepare carbonic acid for manufacturing pur-

poses, lime stone or carbonate of lime which is com-

posed of 56 parts of lime and 44 of carbonic acid

is used.

, This prepaiation is made by decomposing lime

stone by heat. It is simply the preparation of lime,

^•with this difference, that the gas produced during

^the operation i collected. Thus at the same time,



be detached

ction of car-

as a greater

is, a current

mass which

arbonate of

Bcipitated to

operation is

iirities con-

leaves the

' the muddy
osed matter,

md salts of

of organic

ime.

ch serves as

id to avoid

explaining

ly explana-

:h carbonic

GAS.

ituring pur-

lich is com-

rbonic acid

)0sing lime

on of lime,

ced during

same time.

— 69 —

both the lime and the carbonic acid which are to

used is prepared.

A kiln of mason work in form of a cone is used,

with a height of three or four times the di«ameter of

the base. At the apertures, there are two furnaces com-

municationg with the interior by two square bases

;

at the base also is a hole to discharge the kiln. The
opening at the top is hermetically sealed by a cap

of cast iron with a tube to which is fitted a pipe of

from 8 to 10 inches in diameter, through which the

gas escapes into the cylinder of the pump, which
sends it into the juice to be operated upon.

Tlie kiln is charged from the top, by first throw-

ing in broken sticks, faggots, then alternately, the

lime broken in small pieces and coke in the proportion

of one tenth of the latter. When completely charged,

fire is set in both furnaces, but the cap is not closed

until the operation is well under way, that is to say

during two or three days. The fire in both furnaces

must be carefully kept up. When the operation is wel 1

under way, the upper part is closed, so that the air is

excluded, the openings or cracks are closed with

soft clay, and the draft is regulated by the pump
which draws the gas produced by combustion and

calcination.

As the carbonic acid gas is not pure when
leaving the Kil", it, before reaching the pump, tra-

vei-ses a washing apparatus, which frees it of its

impurities.

The daily consumption oflime stone for a factory

I

I'
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working 200,000 pounds of boets in 24 hours, h
1 0,000 pounds or 5 per cent, and that of coke for

charging and for the two furnaces is 200 pounds.

Of course the coke may be wholly or partly replaced

by wood, if for economical reasons it maybe deemed

necessary.

I will add, so as not to have to return to this sub-

ject, a few words on the preparation of the lime for

purifying.

§ \. PREPARATION OP THE Mfl.K OF MME FOR PlJRIPYFNft.

This lime is first cari^fiilly slacked in a ba-sin,

and the thick milk is passed through a sieve of wire

cloth which retains the pieces of uncooked stone or

coals that might bo in it, then the milk is put into

another basin to such a thickness as that it mav mark
t'

20 degrees on the Beaume areometer. In this state it

is ready for use. Before using it, it must be well sha-

ken so as to put all the lime which has a tendency to

precipitate rapidly, in suspension.

The milk of limp contains one ounce of qui<'k

lime per gallon and de<^ree Bfvnim^, so that our pre

pared milk contains 20 ounces.

§ 5. PURIFICATION OF JLICES AM) SYRUPS.

When the beet juice has b(»en treated with lime,

it is freed from the greater part of the foreign matters

contained and specially those which are more di-

rectly hurtful to sugar. These are the azote matfcers

which, if their action is not destroyed as soon as (ho
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juice is extracted from the beet, would act indirectly

on the sugar, destroy it withoiit delay and hurt the

manufacture. There are other substances not at-

tacked by the lime whose action does not imme-

diately seem hurtful to sugar, and which do not

prevent manufacture, but which later prevent pari

of the sugar from crystallizing, without thereby des-

troying the sugar, but which entering into the cry-

stallized sugar, causes it to be less valuable. These

are alkaline salts, or salts of potash and soda.

Although, as T have stated, these substances do not

appear immediately to atl'pct the sugar, \v:ien it is

not submitted to further processes, tJK.'y may discolor

the juice and the syrups, if a part of the sugar has

been rendered useless for crvstallization, either on

account of the bad quality of the Ixud or for any

other reason. In fact, it is admitted that a sucrate

solution, containing liquid s..gar. (»ven in small

proportion, is rapidly discob)red, when boiled, when
an alkali or alkaline salts are present. On the other

liand these substances are more easilv removed in

the first stages of the operation and it is then that

the syrups and juices must be freed from them.

To attain this separation, we have only one me-

thod, the use of animal charcoal or bonf^ black.

But before enlarging on this subject, I will con-

tinue to give a few chemical explanations on sugar,

|lj 6" OF SUGAR.

Sugar is specially qiialified by its property ol^

being decomposed, and reduced in alcohol and

M
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carbonic acid by fermentation and it is the only

substance, in nature, which possesses this quality.

This decomposition takes place when it is in solution

with 10 or 12 limes its weight in wa*er, when fer-

menting at a temperature of from 59" to 67o Fahr.

and the solution is exposed to the air.

There are two kinds of sugar :

Prismatic or crystallized sugar.

Glucose or uncrystallizable sugar.

The first is extracted for manufacture in warm
countries from llie juice obtained by pressure from

the sugar cane aud in temperate regions from the

sugar beet. It is also extracted in Canada and the

Northern Stales IVom the sap of the maple. The
second is met with in a great number of fruits, and

especially in dried raisins, where it is found in its

natural state. It is also produced by the action of

certain acids on the starch of potatoes, the fecula

of cereals and cellular tissue.

Grystallizeil sugar wlieu acted upon by acids

may be changed into liquid sugar or uncrystallizable

but the latter can never be changed into prismatic

sugar. Often, as in fruit, a sort of crystallization

appears, but it is confused, and may in appearance

be compared to the head of the cauliflower, whilst

prismatic sugar shows regular crystals, in regular

prismatic forms, and is best seen in the large crystals

of sugar candi. I have stated that sugar is composed

of carbon, oxygen and hydrogen. These elements

enter into 100 pounds as follows :
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Carbon 42 lbs.

Hydrogen 64 "

Oxygen 5lJ
"

At 50" F. sugar is soluble in one third of its

weight of water. It melts and becomes liquid, whem
submitted to a high temperature and when cooling

becomes a mass of confused crystals, as in loaves of

maple sugar. If the temperature is raised a little, on

l^ing cooled it produces baricy sugar ^ and finally if

heated still further the mass browns and gives

caramrl.

By hcafiug sugar, until completely burnt, it does

jiot give riiiders if allogether pure. This latter pro-

p+u'ty is us< d to ascertain whi^ther the sugar does

uot contain mineral substances.

When crystalized sugar is found in solution with

organic substances it rapidly transforms into liquid

sugar and is destroyed. This explains the necessity

of purifying, immediately after extracting the juice.

A solution ofpwe pi isnm tic iiugar, containing lime,

]>otash, soda, does not change even if the liquid is

kept at boiling point. These substances, it is true

prevent the sugar from crystallizing but they do not

change it, so thnt once eliminated, the pure sugar

remains and it can then crystallize.

But if the solution of sugar contains deteriorated

sugar, or liquid sugar, then boiling in presence of

alkaline matters will produce a color that cannot be

removed and ttie sugar produced will be more or

less dark.

/I
m
r.-l
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These alkaline substances, lime, salts of potash

and soda, prevent the crystallization of a certain

portion equal to about 5 times their weight, so that,

if beet juice contains 12 pounds of sugar and one

half pound of these substances, the latter prevents 2J

lbs. of sugar from crystallizing.

Thus we have seen that sugar forms with lime a

sucrate of lime : th^s sucrate contains per 100.

Lime.... i i parts.

Sugar 86 '^

KM) ''

This property as we have seen is used for purify-

ing purposes.

5j 7. OF BKET JUICE.

Beefs reduced to pulp and heavily pressed give

about 80 per cent of highly colored juice. The

average components of this juice are

Sugar ' 12 lb.s.

Azote substances 1^ ''

Salts I ^'

Water 86 "

100

The azote substances niust be eliminated before

the sugai' can be extracted. Azote substances are for

the greater part eliminated by the use of lime. But

notwithstanding the care taken in purifying, a por-
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Hon always remains: there especially remailis a

coloring substance which darkens the juice in pro-

portion as it is concentrated by evaporation.

On the other hand, the treatment of the juice by

carbonic acid, is not so complete but that it leaves a

certain quantity of lime. When the juice has been

treated by lime and carbonic acid there still remains*.

Some azote substances,

Some coloring matter,
,

Lime,

Salts of potash and soda.

So as to eliminate the greatest possible portion of

these substances, the juice and syrup must be filtered

in broken charcoal.

Charcoal in fact,

Takes away the azote substances,

Renders colorless the juice and syrup,

Absorbs the lime,

Absorbs the greater part of the alkaline salts.

1 finish this section by giving the average com-

position of a sugar beet.

Sugar 12.00

Azote combinations 1.50

Ashes (salts) 1.00

Cellular and other matters 4.70

Water 80.80

100.00'
A
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It then follows Ihat in the proas^^d pulp there

remains.

Sugar 1.00

Azote combinations 0.25

Ashes 0.25

Cellular and oth«M' nmttni*s 4.65

Water 13.85

20.00

•
§ 8. OF ANIMAL CHARCOAL.

Of Us manufarlure and rcvivifiration.

Animal charcoal is obtained by calcining bones of

animals in closed vessels until all the gases have

escaped. The product of this calcining is a coal of a

deep black, light, porous.

It is made in large kilns : and to cilcine the

bones they are brukon and placed in cast or sheet

iron pots, containing about one hiisiiel. The pots

filled with the bones are piled on the bottom of the

furnace, so that they cover one another : the upper

pots being covered.

In sugaries where th(;y manufacture their own
charcoal, they have kilns that can hold 100 pots or

more, so that each kiln gives 3 or 4,000 pounds of

charcoal. When the charge is complete, the fire is

lighted and it is stirred so that are the pots gradually

acquire a deep red tinge. Once the fire is going, an

abund,an» quantity of gas is noticed coming out of the

pots, arising from the organic substances in the bones.
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pulp there
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The process going in inside is watched through .1

lioie in the door of tiie kiln, and wh(^n it is observed

that the gas has ceased escapiii.i; from the pots, the

0[MM'ation is fliiislied. With a projierly managed
lire, it shonld lake from 1) to 8 hours to complete the

calcination.

For the charcoal to i)e good, it must be properly

burnt\ unbuinl bones are easily noti(;ed on accomit

of theii' wei;,'ht, wliii'h is ;jr»'alt'r and (heir densily.

The insufHci(Mit,ly bnriit bon*>s must be picked out

and burnt ovci'.

When an expiM'L views \v\\ animal cliarcoal and
has to test it at si.ii^ht, he takes into atcount i(s

weight, its color, \\ hieb sbould be a fine dull black

and at the srinie he should put a piec(^ in his mouth,

if the cbareoal adJKU'es stronmlx to bis tougU(^ and

bila^ it, and if the coloi- is good, be says that I be

charcoal is L,n)od.

IJoiies give about (>w [i:u' cent of tlunr w.igbt iu

animal ch;u'co;iI.

When the bones have beeu calcined, tbecbarco.-il

is not yet ready for use ; it sbould be broken intr)

pieces of about 3 or '\ eighths of ;»u inch in diameter,

this is done in a pounding mill. W(^ then liave what
is called nvir en (/ruins ^seed charcoal), and it is iu

this form that it is used to liiter juice and syrups

Charcoal that has been used for liltering, sbtmld

before being again us<m1, be cleaned and revivified.

In fact it has absorbed from the juice and syi'up

certain azote substances, coloring matter, lime, salts

of potash and soda, whicdi must be taken out.
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'rh(»se siibstaiic(»s are retnovpil from it by hydrcv

rloric acifl, l»y riMiiUMitinj; il, wasiiiiiy it in hot water

.111(1 by rebii riling.

Tiiu charcoal after Ixjiug iis(3(l six or eij,'ht hours

ill tin? tutor is la ken out and placed in cisterns ol"

wood or masiMiry, and there covered with water

mixed with a hundredth pari olits weight of hydro-

cloric acid .md it is left to itself for 8 hours at leasl.

The acid then -li tacks all the substances absorbed by

the charcoal, I he azole substances, coloring matter,

lime and sails and destroys them or renders them

soluble. After eight hours the charcoal is drawn off

and piled on the floor, or it is left another eight hours

to ferment and is then washed in boiling water.

The washer used is a semi cylindrical vessel slightly

inclined, in which moves an archimedean screw.

The charcoal is shovelled into the lower end and it

mounts by degrees against a strong current of hot

water, which coines down from the upper pari.

The hot water lakes away all the impurities still

in it. The chjircoal when washed is placed in heaps

on the lloor in dry, then calcined and "used again.

A facloi'v working '2(10,000 pounds of Iteets per

day uses 10,000 [lounds of animal charcoal, say "i

per cent of the weight of the beets. The use of a

larger (luautity would be preferabe if economical

reasons would allow it. 'l\) revivify this quantity of

charcoal requires 100 pounds of hydrochloric acid.

The stock of charcoal of such a factory would be

irora 30,000 to 'iO,000 pounds.
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CHAPTER II.

DRaCRIPTION OF THE MACHINKHY.

60 as to dcscribi; without interruption the pro-

cesses of manufacture, in the folUowing chapter, I

will in this one give a description of the principal

machinery employed.

§ I. BEKT WASHEH.

A wooden or iron cylindrical cage of 10 feet in

length by ii^ or i feet in diameter is used, immersed

in water to one third of its diameter in a vessel,

and driven 4 or G revolutions per minute. At one

end there is hopper to receive the beets. Between the

washer and the grater th«»re is an inclined plane,

with an iron or wooden grating on the side next to

the washer.

The vessel is cleaned twice a day, and the water

mixed with earth and rubbish runs into large

vats in which the solids substances are deposited

and make a good manure which is carefully gathered

after the work is finished.

§ *2. GRATER AND ATTACHMENTS.

The grater is composed of a cast iron cylinder,

vrith three disks groo'-ed in the inside and two
pulleys placed at the two ends of the shaft.

The cylinder is two fi et in diameter by about

two feet in lingtb. The circumference is furnished
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with saw teeth, separated by wooden brackets, three

eighths of an inch in thickness which catch in the

grooves in the disks. The grater when in position

looks hke a drum with saw teeth, appearing about

one sixteenth of an inch above it. The beets go down
the inclined plane and are shoved against the grater

by an alternative motion by two mechanical pushers

having a reciprocating movement of 10 to 15 revolu-

tions a minute. The grater in movement revolves

800 to 1000 times per minute.

The grater is placed on a solid cast iron base and

is covered with a movable sheet iron cap. On the

upper part of the cap there is a small trench pierced

with holes over the full length of the grater, which
receives the water from a tap. This water spreads at

pleasure over the grater when in action. Under the

grater at each side there is a trough to receive the

pulp.

§ 3. HYDRAI'LIC PRESSES.

The hydraulic presses are composed of a piston

of one foot in diameter by three feet in height,

sliding by friction in a cylinder ; this piston carries

a platform to receive the articles to be pressed. The

piston is moved by a force pump whose piston is one

inch in diameter.

The piston of the press lifts the platform between

four strong iron pillars firmly fastened to the base,

and to which apparatus there is a top or cap so

that the articles are pressed between the platform

and the cap! The diameter of the platform between
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the uprights is 3 feet 4 inches, and the spa^'-e bet-

ween the platform and the cap 3 feet.

A factory fitted to make 200,000 pounds of beets

has 8 hydraulic presses.

The pulp is taken out of the troughs by hand
shovelsormachine shovels and placed in woolen bags;

the bag is placed on a table and the open end turned

ovor and the pulp spread uniformly. On the top of

the first bag there is placed a piece of sheet iron

called a claie, then another bag and another ctaie

and so n. When the pile is sufficiently high a

workman called the press-man places the sacks and
claies on the platform of the press. The load upon

the platform being sufficient, movement is given it

by starting the pump. Under tlie powerful action of

the press the juice runs out, and reduces the pulp

to twenty per cent of the weight of the beets. When
the pressing is finished, the pump is stopped and the

platform descends. A. workm.'Mi called the depresseur

takes the sacks in which is the dry pulp, while the

pressman takes his claies. The pressed bags are taken

to a place where women or chil<lr»^*n empty them of

their dry pulp by shaking them, then they are again

used in the press until it is necessary to wash them.

The juice of the pulp runs by the trenches into a

juice lifter.

§ 4. .lUlCK LIFTKF\.

The juice lifter is used to lift the juice by steam

pressure. It is a cylinder of strfmg sheet iron, furn-

ished at the upper end with a double tube for the / \

5

mm

'1^'
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introduction and escape of the steam, a tube for the

rising liquid and onti to raise the juice. The two

first, end on the inside of the top, but the pipe of the

latt3r descends to the bottom of the apparatus. The
juice Ufter being full, the tap for the entrance of

ih'} liquid is shut off and steam is introduced, which

pressing upon the juice, r;»i;idly raises it by Lhetlow

pipe.

These machines by the rapidity and regulaiity

of their working advauLigenusly replace pumps for

raising juices and syr-ups in a factory.

§ 5. BOILERS rOR DKFKCATINr, ANn GARHONATATINO

The iuice lifter s ii'ls Uk; juice into the boiler-;

for defecating. These .ne four large vessels of sheet

iron, nearly cuhicnl. Thi'y Mr; furnished witha s team

cril for heating ai.d jniothrr eoilmuch larger which

goes round the b.jLlom .-aid which is pierced through

,the whole IcLgth wllh small holes, for the purpose

of injecting carbonic aci<l into the liquid. There are

also two other boilers foi- thf^ second cavbonatation

or saturation.

These boilers are furnished at the bottom with

holes closed by taps for ihe escape of the liquid.

§ G. DECANTERS.

These are similar vessels to the preceding, but not

§0 large and without coils, in which the carbonated

juice deposits its carbonate of lime and its impurities.

The clear juice is decanted and the deposit .'s sent to

'^ress filters.
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§ 7. PRESS FILTERS.

The press fiUer is an assemblage of trays formed

of an exterior circle of cast iron and an interior

disk of sheet iron pierced with holes ; they are

provided at the top with a hole corresponding to

a service pipe. Of the two exterior tiays which are

full, one is fixed on a frame of cast iron, and the

other is movable and works as also the pierced

plates, \\\ ^""o ; ,ii's on two horizontal supporting

arms. F. -ior fray is furnished with a tap

on its lowt ' a cloth is applied to the up[)er

surface of eaci. ^avs are tightened bv means

of a screw, so tt» the e is a circular compartment

on the interior between them connnunicating by

the upper hole, with the service pipe and they are

so adjusted by means of rubber washers that the

apparatus is perfectly tight and all the compart-

ments form filters. The deposit rendered muddy
bv th(^ carbonatation is forcilv sent up bv the iuice

lifter, through the service pi e and fills ail the

compartments. I^ressure compi'ls the clear li(iuid to

run out by the lower taps, whilst the carbonate of

lime with all the impurities remains in the com[>art-

meuts nearly di'v.

\V]ien the operation is iiuished, the trays are

loosened, the cake that remains is let fall and the

apparatus is fixed again for another operation. The

(*akes from the press-filters are a very fine manure

which is carefully gathered. When the cloth? e

worn out thin- are replaced by others.
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§ 8. FILTERS.

The filtrrs are sheet iron cylinders of 10 f<^ot in

height hy 2| in diameter, with a bottom, bnt open at

the top. In the rear they are furnished on a level

with the bot'om, with a man hole to empty thiun,

and in front, by a tube coianumiealiug wiLli a pi[>e

with two taps, one on a level with the bottom for

draining, and the other at the height of the ('barge

in the filter for the running of!' of the filtered jnic<'s

and syrups. This level of running off is necessary so

that all the charcoal can h) covenul with the liquid

and that the juice should prevent all contact betwe(Mi

the exterior air and the charcoal, contact which

might cause serious accidents. On the loo thtire are

seveiVil pipes wdiich conduct the juice, syrup and^hot

wat(>r.

To charge th^^ filter, a false bottom of [)ierced

sheet iron is phiced on a ledge about two inches

from the bottom, and on this false bottom then^ is

placed a cloth of light texture commonly called

bolting-doth ; then the charcoal is brought and regu-

larly piled. At the upper part jx ye the charcoal

and at one foot from the top of iie filter another

i)ottom of pierced sheet iron is placed, and covered

with another boUlng-clolh.

I must add that every time a filter is emptied it

should be carefully cle«ned before placing new
charcoal in it. The walls are scrubbed to remove

everything that may have stuck to them and the

bottom is washed with hot water ; then the walls

an/^ hott(

ir B.

This

done at i\

I'egular \

Thes
15o or 27

juice sue

This J

to explaii

will try

an idea c

parts ; tl

the cond

Befor

plain the

will be 11

It is 1

of the ec

barometi

Wet
iuches)v

at a tem

the cone

cient coi

siderabli

is not w
It ha



85

f»>ot ill

it open at

II a level

)ly tht^m,

Lh a pipe

loLtom for

i(! eliarj^e

red juicrs

essary so

,h(.> liquid

1 between

ict which

there aie

ipaiKl/hot

it [)ierred

vo in(die<

1 then^ is

liy called

and regu-

^ charcoal

r another

:d cov(?red

emptied it

cing new^

,0 remove

I and the

the walls

an^ bottom nre sprinkled with milk »f lime at 10 or

fr B. f-

This attention to cleanliness, which is easily

done at any rate, is of the highest importance to the

i*egnlar working of the manufacture.

Tlie syrups evaporated, that is to say brought to

J5o or 27*^ B first pass to a new filt 'r, and the simple

juice succeeds to the syrups.

§ EVAFUUATINI} ApI'ARVTUS.

This apparatus called a triple ejfe, is very ditficult

to ex])lain without the machine itself in view. I

will try however to give to my readers as exact

an idea as possible. It is composed of three principal

parts ;
three boilers or chests, the safety columns,

the condenser and air pump.

Before explaining the apparatus I will first ex-

plain the piiiicipie upon which it is based ; the rest

will be more easily understood.

It is known that the air presses upon the surface

of the earth and upon every thing thereon. The
barometer shews the measure of this pressure.

We know that under atmospheric pressure (30

inches) water begins to boil a 2120 Fahr. Juice boils

at a temperature a little higher which increases as

the concentration advances. To arrive at a suffi-

cient concentration, the syrup should remain a con-

siderable time under this high temperature, which

is not without serious inconveniences for the sugar.

It has been noticed that if we could work in a
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vacuum, boiling point could be reach»3<f at a lo\v"fti^

temperature V thfit the sugar could not then be

dannaged and the expense for fuel would be dimi-

nished.

To attain this object,vessels have been constructed

that have no communication with the outside ait,

then a vacuum has been created in these vessels by

pumping out tlio air they contained ; then to preserve

the vacuum which would destroy the steam, the

steam is condensed by cold water.

Such is the principle of evaporation at a low

temperature in vacuo.

In using a series of vessels,in which the vacuum
is successively increased, the steam produced by the

working of the fij-st vessel, may be sent to boil the

second, which thus become the condenser of the

first
;
the steam produced by the serond boils the

third, which becomes the condenser of the preceding.

Finally the st(^am produced by the boiling of the

third passes into the condenser which liquifies there

with cold water. This latter vessel is the only one

that communica^o^ with the air pump, which esta-

blishes the equilibrium of the vacuum in all the

vessels.

The appai'atas a triple-e/fet is thus composed of

three boilers, or vessels closed from the exterior air.

They are oylinciers of cast or sheet iron of 4 feet in

diameter by 8 feel m height. Each boiler has at its

base a space shut oST from the rest, which is called

the steam chamber. The steam chamber occupies the

whole space from one foot from the bottom to four

feet^ and i
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tias at its
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jpies the

1 to four

feet, and is consequently 3 feet in height. It is formed

by two plates clinched to the body of the boiler and

traversed through its whole length by vertical tubes

of one inch and a half in diameter, which connect

the lower part of the boiler with the upper part and

serve to circulate the juice when boiling. The steam

produced escapes by the top and is condensed in the

chamber of the next boiler. The steam in the chamber

circulates about these tubes, warms them and is

condensed. The steam for the first comes directly

either from the steaui boilers, or the exhai'.^t steam

from the engine.

Each boiler is furnished with a steam gauge to

as<'ertain the pressure and regulate the quantity of

water to b?' Us. 'd ill the condenser, a thermomtter

for the teuijK rati ire <<fthe liquid, a steam gauge to

indicate th' iiiside pressure, a gauge to test the

syrups, a spirit level, and n glass to watch the

operation.

The three l)oil<Ts conimuni<:ate with one another

by means of pipes, and on account of the difference

of the pressure, the syrups flow of themselves from

one boiler to the other. It may be supposed th -i the

liquid passing successively through the three vessels

is more and more condensed and arrives iit tbe re-

quired state in the last.

Boiling is pro hiced as follows :

1st vessel temperature 206°

^nd ^' " 185o

:hd ''
'' 1490

Between the boilers thrift* are safety columfu^
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ihroiigh which the steam for the chambers passer

The syrup in boiling sometiinetimes escapes by tba

escape valve
; this syrup remains in the column o-id

is taken up ugain. Without these columns,the syrup

would be lost. A spirit glass shows the quantity in it.

§ to. BOIMNfi APPARATUS.

The construction and working of the boiling ap-

paratus i'est on the same principles as the evaporating

machine
; I will not then have to enlarge on th§

subject. This apparatus is composed of the boiler,

condenser and air pump. The heating is performfKi

by three isolated superimposed coils. Tt is furnished

with a taster which goes into the inside and by

which samples of syrup arc drawn out.

§ 11. Tr HBINE l»R CENTIUKUGAL.

The turbine is a machine which is used instant-

ancouslv and me'-hanicallv to drrnn and drv the sn-
t- «J w

gar, that is to say to isolate the crystals from thfi

liquid. The conslruction of this machine is bas<^d

upon this principle in physics: ;»ll bodies having

a circular motion tend to tly off at a tangent from

the centre. The tiu-binc is composed of a drum op«^n

at the top, provided with very fine wire cloth on its

inside surface. This wire cloth is fastened to a solid

iron frame of suflici«!nt weight to give considerable

intensity to the centriiugal force. The drum is pro-

vided below with a pivot solidly fixed into a collar

fastened into the base. This base serves as a covf r-

ing for the drum.

The turbine in motion runs 1000 to 1200 revolu-

tions per minute.

TheB
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§ t2. AREOMETERS.

The Beaum6 areometer is generally used to gauge

juices and syrups. I have spoken of them in the

introduction to this work. I give here a table of the

graduation of this areometer, compared with that of

Balling which indicates the percentage of sugar,and

the centessimal areometer which shows the density.

Comparative tables of the Beaume^ Bulling a^M Cm-
tesiimal areometers.

Percentage
1

Percentage Densitj
Degrees of Kugar or Density of Degrees of sugar or of the

Beaam6. degroes the liquid.' Beanm6. dtgrecB liquid.

i

Balling. Balling.

0,00 1,0000 26 47,73 1,2208

i 0,90 1,0035 27 49,63 1,3308

I 1,80 1,0070 28 51,55 1,2414

8 3,69 1,0141 29 53,47 1,2628

8 6,39 1,0213 '

;
30 55,47 1,26H2

4 7,19 1,0286 i 31 57,34 1,2743

6 9,00 1,0360
j

32 59,29 1.285'r

6 10,80 1,0435 33 61,25 1.297 3

7 12,61 i,0511 34 63,22 1,309 I

8 14,42 1,0588 35 65.20 1,321 I

? 16,23 1,0687 36 67,19 1,3333

10 18,05 1,0746 37 69,19 1.3468

11 19,87 1,0827 38 71,20 1,3685

12 21,69 l,090!t 39 73,23 1,.37U

13 23,52 1,0992 40 75,27 1,3846

U 25,37 1,1077 11 77,32 1,3981

IS 27,19 1,1163 42 79,39 1,4118

16 29,03 1,1250 43 81,47 1,4267

17 30,87 1,1339 44 83,50 1,440«

18 32,72 1,1429 45 85,68 1,4646

19 .34,58 1,1520 46 87,81 1,4694

20 36,44 1,1613 47 89,96 1,4846

21 38,30 1,1707 48 92,12 1,6000

22 40,17 1,1803 49 94,30 1,5158

23 42,05 1,1901 50 96,51 1,6J19

24 43,94 1,2000 51 98,73 1,5484

1 26 45,83 1,2101 51i 99,85 1,656«

III
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CHAPTKH III.

MANUFACTURE OF BKKT ROOT SUfrAR.

The details that I have given on some of theprin-

ciplesand operations attendant upon the manufacture

of beet root sugar, and the descriptions given of the

chief machinery in use, alloNV me to pass rapidly

over !he manufacture itself.

j^ 1. ExTRACTINIi THK JUICK.

The beets are brought and placi.d as required in

Ihe washers. The workmen entrusted with this duty

should carefully reject all beets that are spoiled, or

those that, having been frost bitten are thawed; as

tho8<» beets contain principles that might ruin the

whole work. They should also avoid allowing any

hard substance to pass into the wJisher.

ig drum plungedThe of t?irotary action or tfie wasi

one third in water, causos the berets to rub against

each other and against the walls of the machine and

ihev are thus cleaned from the adhering earth. The
beets arrive at the other end of the washer clean

and a e thrown on the grating of the inclined plane

where they drain, and get rid of the small stones

that may have come through with them. Tne beets

are then sent against the grater, against which they

are shoved by two pushers. The grater reduces them

to a fine pulp which falls into the vessels below.

To assist the detaching of the pulp that may
adLhere to the grater, a coijUkivipvis stream of water
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from the Up on the cover on the top is directed to it,

regulated by the quantity of beets used. The pro-

portion of water is always 15 or -^0 per cem of the

weight of the beets. This water mixed with the pulp

furtlier assists the extraction of the juice by pressure.

The water added in the grater is always so regu-

lated as to maintain the juices when leaving the

presses at 6 or 6J drgre^s Beauin**. More water is

thus added if tne beets are rich, and less if the'

beets are poor in sugar.

The room in which the juic»^ is extracted must

be kept perfectly clean, without wliich fermentatiou

would set in, which would ensur great loss. For

this purpose every thing that touch; s the juice and.

the pulp is thoroughly wasln-d four timcisa day, and

twice a day sprinkled with milk of lime. The wollea

bags used on the pr.sses are also washed twice a

day in hot water. On leaving the presses, the juice

shoiJd be immediately treated with lime, so that it

may not be spoiled, and it is sent by the juice raiser

to the defecating boilers in the upper story. The
charge of a juice raiser is the sam^ as that of a boiler.

§ 6. DEFECATION AND CARBONATATION.

The juice sent up is muddy and of a dirty browa
color ; it fills about two thirds of the boile ,

The juice is heated to about 86^ and whilst it is

being heated there is added a quantity 6 hundredtlis

of milk of lime at 20^ Beaume, that is to say for 500

gallons, the capacity of one of the boilers for ths
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daily manufacture of '200,000 lbs. of beets, 30 gallons

of milk of lirae at 20'^ B would be added. This is

well mixed w^hilst the temparature of the juice is

rising ; when the whole is well mixed a small injec-

tion of carbonic acid is directed into it. When the

temperature has reached 131», the injection pipe for

the introduction oi the carbonic acid is opened wider,

this injection pi'oduces a great commotion in the

boiler, to such an extent that it would overflow, if

the man in charge did not stir it continually with a

wooden rake, and throw in a little grease to stop

the effervescing. It is on account of this efferves-

cence that the boilers are only two thirds filled.

During this time the temperature slowly rises

up to 176o, at wlvich point the steam is shut off.

The carbonic acid is still continued to be injected

iiiitil a small .[Jiantity of the juice on beiu'j

drawn out, rapidly settles and gives on its sur-

face a clear, limpid and slighty amber liquid.

When at this point, the injection of acid is stopped

and the liquid is emptieci into the decanting vessels

where the clear portion is gradually drawn off.

This first operation has deprived the juice of the

greater portion of the hurtful ingiedients that the

lime could elimiunte, but to purify it as much as

possible a second operation is gone through, which

this time is cari-ied on at a higher temperature.

The de:anted juices are sent to the two last boilers

to undergo a second carboiiatation or saluratiofi. The
liquid being placed in one of these boilers 4 hun-

dredths
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dredths of milk of lime at 20° B is added thereto,

and is properly mixed, then carbonic acid gas is

introduced. At the same time it is gradually heated

up to about 200o. Again it is watched to notice the

time when to shut off the injection of carbonic acid,

and when it is seen that the liquid when drawn out

is clarified instantly, tlie operation is complete.

The carbonic acid is however left to act for a few

minutes to ensure more complete success, then the

injection of gas is shut off, and the liquid is boiled

for a moment to drive off the excess of the carbonic

acid retained and the juice is again sent to be de-

canted, the juice is this time sent to the filters.

Tlie froth or deposits from the decantation pass by

a juice lifter which sends them into the press filters.

The clear juice drawn from ttie press-filters goes

thiimgh the seco.id carbonatation.

^ 3. FILTERING.

The juice runs into the filter and fills it to the

height of the overflow tap which is the same as the

upper surface of the charge of the filter. In this

manner is* regulated the duration of the contact of

the charcoal with the juice, which is an important

point ; the animal charcoal acts not only as a mecha-

nical filtering agent, but also as an absorbent, and

the longer the contact of the charcoal with the juice

is prolonged, the more does the charcoal produce

its effects by absorbing the azote substances, coloring

matter, linie and salts. The entrance and discharge of



'i\

^

the juice should be so regulated thai the juice should

lake a half an hour in its passage through the filler.

Simple juice passes through a filler that has been

used to filter syrup ; it is thus enriched by the sugar

left by the syrup on its pas^^age. When the juice has

passed 6 hours through a filter, the latter is consi-

dered as used up. It is then scoured^ that is to say,

hot water is put in which drives away the remaining

juice from the filter, mixing more or less with it.

When water has been placed in the filter, the juice

comes out gradually less strong until it marks only

i degree Beaume. Then the upper tap is closed, and

whilst lettijig the water run, the lower tap is optmed.

The water which then runs serves to give the char-

coal its first washing.

The juice immediately after saturation has an

amber color and a very marked taste of lime ; when
leaving the filter it becomes more clear and limpid,

and has already a fair taste of sugar : in tasting it, a

man unacquainted with th(MTianufacture will recog-

nize the presence of sugar, whilst he could scarcely

do so by tasting the juice when leaving the press'^s

or after defecation.

§ 4. EVAPORATION.

I have little to say concerning this operation,

after the explanations given when speaking of tha

vaporizing machine. The juice comes to it at 6*

Beaum6. It approaches up to l5o in the first vessel,

up to 22o or 23o in the second and it is discharged

from the 3
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and that the maximum effect of the chai'coal is pro-

duced at an intermediate t3mperature botween 160"

and 190", it must be heated to boiling point and then

sent to the filters.

Syrup at 27" B. contains 'O per cent of solid mat-

ters in solution and 50 of water.

In our factory working 200,000 pounds of beets

per day, 25,000 gallons of juice at 6" B. are produced

weighing at 1,0435 of density, 208,700 pounds. This

juice contains

:

Solid matters in solution.. 20,870 lbs.

Water 187,830 '• or 23,300 gals.

To reach 27", 167,000 pounds of water or 20,800

gallons have to be evaporated. There remains 41,-

740 pounds of syrup at 1,250 of density or V200

gallons.

^'
5. SK(:ONI) filthation.

The rvorking of the second filtration is the same

as the fi.^st. The syrup remains in contact with the

charcoal for half an hour. Each filter is used for 6

hours.

Four filters per 24 hours are always used, so

Iha^ . are always in operation, one for the syrup,

thte other for the juice, whilst the other two are used

for cleaning and charging.

The syrup leaves the filter clarified and colorless.

1
'

•

I
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and its taste in consequence of this operation is no-

tably improved. It is deprived of the greater part of

the organic substances that might be still contained

in it, the lime and nearly all the alkaline salts.

When the filter has been used for 6 hours for

the syrni)s, it is used for the juice which take up

llie remains of the syrup in it.

After tlie second liltration, tlie syrup is then

purified as much as possible; it only contains water,

sugar and a very small portion of salts of potash and

soda

.

The last concenlrali.-.. is then proceded with, the

l)oiliug down.

§ 6. BOILING nowN.

We have s"Pn that there remains 4200 gallons of

syrup at 27" B containing :

Solid matters in solution 20,870 lbs.

Water 20,870 ''

We must bring *..iis syrup to such a point of

concentration as that the sugar may crystallize. For

this purpose we must remove still 94 per cent of the

water which it contains, say 19,^^20 pounds or 2450

gallons and there will remain 1750 gallons of a

boiled mass containiug :

Sugar and some other substances.. .20,870 \\m.

Water 1,250 "

Sav 22,120 ''

• 7
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In my calculations, I have not up to the pre .ent

taken into account the substances taken off in the

defecating and filtering processes and the losses in

sugar. All these taken into account will reduce

our 22,120 lbs of boiled matter to 19,000 pounds.

To reach this concentration, a vacuum is first

(Teated in the machine by the use of the air pump,

and one half of the syrup to be reduced is put in
;

then steam is let into the first coil and water is let run

into the condenser so as to have the vacuum main-

tained at 24 inches corresponding to a temperature

of 150o; and the evaporation is continued until a

sampl* 'aken up by the taster gives the crook proof

;

to get this proof, a little syrup is taken up between

the foiciiiiger and thumb, which are then quickly

separated ; if a very fine slight .thread is formed

which breaks and tarns over upon itself in the shape

of a co7'k scrt'w^ the right degree has been attained.

Then the rest of the syrup is put in, two hundredths

at a time (say in 25 times) as the mass reaches its

proofpoint and the vacuum ir=. maintained to 18 inches.

Every time more syrup is introduced the mass must

be brought up to the hook proof. As the second and

third coils are covered, steam is necessarily intro-

duced into them and the vacuum is gradually raised

to 26 inches under a pressure of 50 pounds of steam.

The operation is finished with 28 inches of a vacuum,

Ih it is a temperature of ISO*', by reaching the string

proofs which is arrived at when the thread in breaking

no larger turns upon itself in the shape of a cork

screw.

i 1
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The operation of boiling down lasts from 7 to 8

hours. When finished, air is let iii to the apparatus

and the mass is discharged.

J 7. Drying in the Turbines oh Contrifugals.

The boiled syrup is run into reservoirs of the ca-

pacity of one boiling, in which it very soon becomes

a crystallized mass. It has now only to be drained

off and the sugar dried in the turbine.

As the mass has become ncjarlv solid and would

offer some obstacles to the draining, on account of

the large piecus of sugar, it is passed through a

crushing niill, where it is mixed with a small quan-

tity of syrup raised to 30 or 3*2" B, Thus reduced

iuto a sort of pulp, it is placed in the turbiik -. The
charge for each turbine is 150 pounds. The iiiachine

is then started. The mass sticks evenlv to the cir-

cular walls of the drum which stops the grains of

sugar, but the liquid, driven by the centrifugal force,

traverses the solid portion, which it clarifies by

taking away its impurities, through the wire cloth

and runs oat into reservoirs. The machines are left

in motion for a quarter of an hour.

The sugar has become dry. To whiten it, a

stream of dry steam is directed into the drum for a

few seconds, which completes the purifying of the

crystals and renders them white. The turbine is

stopped, and the sugar taken out and placed in sacks

for transport or sent to the store.

JEach operation thus gives 90 pounds of sugar,

:Ur^ '!'

and the di

boiled stufi

sugar of th

stuff or a{

beets.

The sj

which is c

"itie boiled

mient this

For this p
is placed i

addition o

lock's bio

C;vAiUF

to 30^B,
I

quarts ]»o

3 or 4 tin

boiler. I

coal is ad

tempera t

boiling ,p

in coagu

all the ii

svruD w
syrups a

boiled d(

in vesse

in what

95« is m
The

will giv

<:fec,



)m 7 to 8

Apparatus

lUGAr.S.

>f the ca-

becomes

drained

id would

nouiit of

hrough a

lall qiian-

ii'diiced

u . The
machine

the cir-

grains of

gal force,

irifies by

ire cloth

?s are left

en it, a

jm for a

ig of the

irbine is

in sacks

>f sugar,

^ 99 —
and the day's work, that is, the 10,000 pounds o^

boiled stuff (1600 gallons) gives 1 1,400 pounds ofdry

sugar of the first strike, or sixty per cent of the boiled

stuff or again 5, 7 .per cent of the weight of the

beets.

The syrup which runs from the turbine and
which is called raw syrup^ represents 40 per cent of

itiie boiled stuff, or 7,600 pounds. By proper treat-

iBent this will produce another quantity of sugar.

For this pui'pose, the syrup which gauges 44 to 46°

is placed in a boiler and it is brought to 30o B by the

addition of hot water, and it is clarifiea with bul-

lock's biood, and powdered animal oharcoal.

CjvAiaFK.ATioN.—The syrup having been reduced

to 30<^ B, J per cent of bullock's blood is taken, say 3

quarts ]»or every 100 gallons, which is diluted with

3 or 4 times its volume in syrup and emptied into the

boiler. It is well mixed and 2 per cent of fine char-

coal is added. This is well shaken to mix it, and the

temperature is raised to 140'\ It is heated until

boiling poiu! is reached. The albumen of the blood

in coagulating, rises to ihe surface drawing with it

all the impurities and leaves underneath a clarified

svruD which is filtered in the same manner as the

syrups at 27" and then boiled down. The syrup when
boiled down takes two or three weeks to crystallize

in vessels of a capacity of 4 or 600 gallons, placed

in what is called empli in w^hich a temperature of

95« is maintained. >

The 7200 pounds .)f boiled stuff which we obtain

will give^ at 30 per cent, 2160 poundsof sugar of the

r I

1

1

:i't

I'l

^^:^
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second strike and after being through the turbines,

there remains SO'iO pounds of syrup, which heated

as before, gives 4800 pounds of boiled stuff which is

left to crj stallize during threci or four months and

will bring 10 per cent of sugar of the third strikcj

say 480 pounds.

The total result from the turbines as centifugals

would therefore be :

From the 1st strike 1 1,4( lbs of sugar say 5.70 p. c.

'* " 2nd ^' 2,100 " " '* 1.08 "

u u
3r(j u 4^0 a it u 24 "

14,040 7,02

And there remains in molasses, n^duced to th(3

commercial standard, 42" Beaum6, 4500 pounds or

400 gallons.

Our whole production for 150 days work at 200,

000 pounds per day would therefore be :

i4040X 150=2,106,000 pounds of sugar.

4500x150= 675,000 " of molasses or 60,000

gallons.

Which would give a production per 100 of beets.

Sugar 7,02.

Molasses 2,25.

§ 8. Employment of REsmuB.

The residue from the manufacture of sugar is

BdolasseB, pressed pulp and manure.
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Moi.ASSEs.- Molasses contains sngar, water and

nearly all the salts of potash and soda that have

escaped the action of thr aniffi.il charcoal : at 4'2'^

Beanine its averajze conii)osilion is pei- 100 pounds.

Sni.;:ar 07

Salts and oIIkm' fon.Mgti sul)»ian<'cs !*2

Water 21

pou nds
lb

Wi^ have sr;'n thai these s;;lts prevent a [;c.rlioii

of the su.;ai' IVoni crysiiUiziii^- : it' ihey conld be

compU'lfdy diiviui oil', in an ec<^nouiical niannei',

nearly the whole of ihe sngiir ihv;>i talviMi wenld he

obtahiiMl ;
hut as this can not, be den ', the joost ad

v.aita^eous use to \k'. micde of I'w !n.)lMss(^s is Id S(»nd

it to the disiiller, who obtains llici-cfroin alcoliol and

•tash. 100poiasn. lou ponmh-; ol jn''';iss:s at ;'?" -ue f ga Ions

of spirit, antl 10 pound'^ of s.iiini; in;i!ter ^salisof

potash and soda). On accouiil id" i^lie lari^'i quantity

of sails outained in it, this uiol;i>,v is unfit for

alini«nUary pur[>os"s.

PuLi'.—The piessed pulp is a vahiaitle and easily

kept food for cattle, who ea^^erly relish it. Its nu-

tritive equivalent is 150, thai is, l.')0 poiuids of

pressed pulp have th<3 sanu' value as lOO poinids (d"

hay of good quality.

It is kept for use as required in pits dug in

tiie earth, or in brick reservoirs, in which if is

pihid and it is covered so that it is shfdtered from
rain and frost. When getting old, it a. quires a cer-

tain degree of acidity which makes it very agr; able

io cattle. It is sometimes given alon
, but oftener

mixed with chopped straw or hay.

I

'I



The arjMMit giving 3(),000 pounds of iwifiis^ Uii»

facloiy will lotiirn 20 p(U" rent of pulp, say 7;^00

]»»iiiuls equal U) 4800 poir.icJH of good hay.

The Itjuvos and heads of the beets that have beni

cut olf also I'uruisii food for cattle. They give about

10,000 pounds [ler arpent. The alimentary equi-

valent being (iOO, these 10,000 pounds are eijual to

KiOO pounds of luiy, so that an arpent of beels,

returns to the farm a(juanlily of f<iod equal in value

io OiOO pounds of hay.

Mam HEs.—The manures furnished by the sugaiy

consist in the residuum from the press-filters and

the deposits from washing the beets.

The first is coinj)osed of carbonate of lime and

organic nuitleis decomposiul and precipitated by the

lime.

This subslMuce constitutes a fertilizer and a ma-

nure, and is very well fitted for argilaceous lands.

So W.lh (.e[M>sils from washing the beets, composed

of earth and organic rem.'iins. These latter may be

advanlageonslv emplovt.'d wln-n mixed with lime as

a couipi»sl.

§ !). Old I^ium;kss of Mamm-actuhk.

The explanations l hav(» given have reference to

tlie improved system of manufacture, now in general

use. To conclude I will speak of the old system

which will, perhaps, seem more easy to be under-

stood, and wliich may be used by those who wish to

experiment on a small scale.
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The extraction of the juice, the filtering and

purifying of the sugar are in the first place the same

and the only ditrerence is in the defecation, evapo-

ration and boiling down.

The now system excels the old one, in that it is

really more simple in practir/», that it is more econo-

mical and that it gives belter and fluer results.

For (Icfi'catUm a copper bnilei' with i\ double bottom

is used, in which the steam circulates. After each

operation this boiler is carefully cleaned. For evapo-

rating and bailing down, copper basin;^, with covers

surmounted by chimneys for tin; escape of the steam

generated in the boiling, are used. These basins are

heated by stream in coils rolled at the bottom in

spirals.

The press-fillers are replaced by an ordinary

screw or lever press.

As after defecation there always remains too

much lime in the juice, the quantity of animal char-

coal is increased to 15 and 20 per hiO of the weight

of the juice to drive off this excess of lime.

Defecation.

The juice being brought to the boiler, it is ra-

pidly healed up to 180". Steam is then shut off and

$ gallons and a half of milk of lime at 20o Beaum6
is put into 100 gallons of the juice ; it is well mixed

with a stirrer and then slowly heated.

Under the influence of the heat and the lime, the

organic substances contained in the juice aredecom
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posed and drstroyed, the albumerv that it contains is

coagulated, and, rising in froth, it brings with it all

the impurities. A large quantity of thick scum

forms on the surface. About 205" the scum cracks and

a clear juice is then seen. The heat is raised to

boiling and the steam is immediately shut off. After

a few minutes rest, the cloar juice is first run off and

sent towards the filters, then the scum, which is put

into wollen sacks to be pressed. The juice from this

pressing is put with the other clarified juice.

,: The clarified juice is limpid with a slight yell-

owish tinge.

Evaporation.

The filtered juice is by boiling in the evaporating

basin reduced until it marks 27« Beaume. Tf the

boiling is too quick, if the syrup rises, the efferves-

cence ^8 quieted by throwing a piece of grease into

the vessel. When i'equired this is done when boiling

down.

The syrup at 270 is filtered a second time and

boiled down.

BoiUn.,j lioirii.

Boiling down is the complement of evaporation.

The concentration is continued until the string proof

is attained. To establish this proof a little syrup is

taken between the thumb and forefinger which are

then: separated. If the boiling down approaches its

termination, a very fine thread is formed which
breaks and returns on itself, twisting into the form

of a cork i
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of a cork scre\^ . We then have the Aoa/u pr^o/. By
boiliag a Uttle more, the thread no longer breaks or

in breaking, it remains unscrewed and does not

twist like a cork screw ; ,e then have reached !b,f

^e^ired state and have the thread proof.

With the hook proof the mass still contains 10

per cent of water ; with the thread proof it contains

only 5 per cent.

This is called evaporation and boiling a air libre^

in opposition to the corresponding operations that I

have already described, and which are called evapo-

ration and boiling in vacuo.

tirperiinenta on a small scale.

Thos ' who wish to experiment on a small scale,

should use this method, which is always the basis

of the maiiufa :;ture.

To extract the juice a scitw or hner pross is used.

The same copper boiler would be used for defeca-

tion, evaporation and boiling down. As steam

would not bp at hand, a moderate open fire could be

used so as not to burn the syrup.

In this case the turbine can not be employed,

conical vioulds like the sugar loaves of commerce

are used, or rather boxes deeper than broad, haying

a spout on a level with the bottom. The moulds have

also a hole at the pointed extremity. These openings

being closed no, the boiled syrup is emptied into the

vessels and they are allowed slowly to crystallize in

a place heated to 80o. To obtain large crystals of
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sugar, the syrup must not be boiled further than to

reach the hook proof. Crystallization lasts 24 hours.

After this time, the mould is placed in a room at the

ordinary temperature, the bottom is unplugged and

all the liquid syrup is allowed to run off. When
the syrup has ceased running, a saturated solution

of sugar in water is emptied on to the surface, say

about a quart for three gallons of the sluff. This

solution called liquor traverses the loaf of sugar,

waphes the crystals and drains off. It is left to drain

perfectly, thfn the sugar thus obtained is dried.

Animal Charcoal.

To make the bone black or animal charcoal

required for experiments in a small scale, a strong

sheet iron pipe is taken, similar to those in use in

houses for heating, a fixed bottom is fitted in and a

movable cover ; it is filled with broken bones and

exposed to the moderate heat of a kiln. When no

more thick smoke escapes the operation is finished.

The pieces of bone that have become white by being

too much burnt are rejected. The charcoal is re-

duced to small pieces, as small as possible by break-

ing them. To revivify it, it is allowed to ferment

several days, it is washed with hot water and it is

reburnt.

The filter is otherwise constructed as much as

possible, on a small scale, in the same plan I men-

tioned in the second chapter.

§ Conclusion.

Beet root sugar manufacture cannot fail to pros-

per in Canada, when established, as it has prospered
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in all countries where introduced. In fact it is not

one of these chance industries where success dependt

a host of various circiunstances.

The sugar factory supplies a commodity which

is consumed in the very place of its production, and

which is used all over the world. This commodity

may ho produced in Cianada at as low a price as in

any other country, which now supplies it. Why
then give to others the profits on an article of con-

sumption, with which wo can advantageously sup-

ply ourselves ?

We now consume 80 millions of pounds of sugar,

which vp receive from the West Indies, the United

States, England and France. When we have suc-

ceeded in manufacturing sufficient to supply our

consumption, which increases every year, we would
have in Canada one hundied factories which would

use up 1,500 millions of pounds of beets, or the yield

of 50,000 arpenls, would give work in winter to

20,000 persons, and which would return a profit of

more than three millions to the manufacturers.

A considerable revolution would be produced, in

agriculture
;
great and heathy emulation wfll have

started our farmers on the path of progress, and the

lands of Canada, instead of remaining nearly un-

productive by their unfitness for cultivation, will

have rewarded their labors by giving them comfort

and wealth.

Several other industries would derive the great-

est advantages, which would also tend to increase

the general prosperity of the country.
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On this subject 1 will limit myself 16 saying a

few AVords on the? construction of the machinery.

The first factory must no doubt be put up by
foreign builders who have nmde ;i specialty of the

work, but very soon the builders of the country will

have acquired the necessary experience and all that

concern the building and re|)aii'ing of machinery

for sugar factories, will form a new branch of our

nati'^nal industry.

To conclude, I will add a few notes on the diiect

advantages presented by the eb^tablishinent of a beet

root sugar factory in (^anada. And first T will repro-

duce the tables of the expenditure, receipts and

profits from a sugary usinji 1*2,000 tons of b(^ets in

iOO or 150 days in the various couutrit'S in which

this industry is now in a pros])erous stale.

EXPENDITURE IN FRANCS PER TON OF BEETS.

Lfctor •

f^cks and cloth.

Lhne.
lighting and boiling.

Mlinagenient.

Gtoiieral expengee.

Reboiling.

Repairfi.

Bieigd dutifg.

Mmn
ud Hlland. Germauj. Basiia. ]ul>.

Fnuee.

.

22.00 27.00 25.00 25.00 24.00
4.20 4.85 5.50 6.75 6.50
3.12 3.78 3.41 5.00 4.86
0.50 0.50 0.50 1.25 1.00
0.33 0.33 0.33 0.75 0.75

40. 0.45 0.40 50 0.60
2.00 2.60 3.00 3.75 3.75
1.66 1.80 1.66 3.76 3.75

(( i( (1 6. Go 6.00
1.00 1.20 1.00 3.25 3.26

18.0t> 18.00 20.00 8.75 «

1

53.21 60 . 36
J

60.80 63.75 53.36

liXCBIP'

Percentage of

iwgar.

Hfigw-v
ItolaiMftee.

pulp.

£^eceipt« ;>• r

Expcns«'8 '.'

Profit "

« on 12,0
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iliCBIPTB IN FRANCS PKR TON OK BEETS.

Peroentage of produce in

Nigar.

]folaifli«ee.

Pulp.

Belgium

and

Fruee.

Hcltand. Germauv. Ru»iit. Ital;.

6.4 7 8.6 7.6 6.6

64.00
3.50
2.00

71.00
3.50
3.00

76.92
2.80
;{.00

83.75
2.50
2.50

71.30,

2.50;
2 . 50

1

69.50 77.60 82.72 88.75 76.30
._. ... 1

E^eceipti* (>• i Uiii.

Profit i( It

KECAPITULATION.

Belgian

and

France.

HoilauJ. (ieruiaov.

1

RnKia.
i

Italv.

69.50
53.21

77.50
60 . :{6

82.72
60.8(1

88 . 75

03.75
76 . 30

52 . 3»i

' 16.29 17.14 21.92
-

25.00 23.94

195. 48 J 205 . 680 263.040 300.00(1 287.28(»

__

The establiisliment of such n factory requires a

a capital of 600.00U francs in France, F^olgiuni, Hul-

leind and Germany. In the oth -r countries, when
the machinery has to be imported, the ca])ital may
reach 750,000 francos.

A factory in Canada, might extend its workinji:

over 150 and even 175 davs, and onlv use 70 or 75

ionf, of beets j>er 24 houi*s. in place of 100 or 1'20

trills, vvhich would occasion a decrease in the prLc

of the machinerv,



110

Til any raso, I think that horp a rapital of $150,000

vvonld ho snfficiont fo establish a factory A(|ual to

usintr Ti.OOO t«)ns of bctMs dnrin'r thn s»'ason,sav tht^

rrop of HOO arrps. The spocial machincM'v alonp

ronld bp b()nj,'ht in fon'i^ni counti'i'^s and the rp^t

made h(M'p vvlii<'h, In addition to ihr advanl^igps

givpn to local indnsti*y, wonld save considprablp ex

ix^ndituro hv packin;^ and frcij^hl. On tiip othpr

hand, it wonld bp th'* lopans (»i interesting onr

bnilders in tlic nndcrtakin^j;.

Tlip niachuKM'v, bnildinjics and innnovat)lt' stork

vvonM cost 61(10,1)00. a.nd th.M'p would i>>inain

$;.'*0,IM)0 ofllnatm^' capital.

TIic rcccipls from this factory won Id i'.>rtai!ily

he as 'j,v*':\\. as in ll;.' ('oniiti'ips ahoxc ni';i: loiiid, a^

sugar is sold a> <ic;) i' inu'c, and it n.is Immmi pi'ovpd

thai our lit'i'ls ai'c ;is j'icji aud as .uo'mI. as tlitjse of

coiiuti'ii's most favoi'i'd in ihis ropp-'i.

The f'XpiMist's ol' inai: ifacturt' and t'S]H-cialIy

those for labor won. i 1>." nnicli liiLrli'M'. for thf lirst

y^ars. tint liiis iiici'ease in 'he (',\prii-..'> would crr-

taiTily not roach Iwo dollars |)('i' Ion of ln'cts \\(»rkcd

n[>, and on the other lianl, w<' mu-f con>idcr that

we a.ro froe from the ixi'ise duty which \st'i;.:hs so

heavily on the not costof tho su,L;ar in tie se other

couiilrie>. wliicii wmuld m')rt' than compi'usate l,h!»

diiriTt'iicc.

\Vc can thiTfloro witlemt any fallacy, count

on a nel. [wolii of $i per ton of h^'cts, >ay nearly

;!^50,0i)0 on a manufacture of 1-J,(ii)0 tons, whi( li

wonld i^ivo a dividend of more than 30 por cent,
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