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PREFACE.

P

IT is considerably more than a quarter of a century since
Leonard Wray earned the thanks of all cane growers by
publishing his Practical Sugar Planter. This work has long
been out of print and scarce, and at the present moment
there does not exist in any language a comprehensive book
on Sugar, though many separate .and partial essays are to be
found.

The neglect of a subject of such importance to this empire
is quite remarkable, and the authors believe that by issuing
the present treatise they are domg a real service to the
thousands of colonists, merchants, and engineers who are
interested in the culture, manufacture, and commetce repre-
sented by this great staple.

Concerning the chief kind of sugar, that derived from the
cane, there is very much new matter to say, and some old
statements to omit ; though it may be confessed that there is
not a great general advance to record. Beetroot sugar has of
late years dcquired a degree of importance hardly dreamed of
when Wray wrote ; and in view of the adaptability of the root
to the temperate climates of Britain, America, and New
"Zealand, it deserves to occupy the second rank. The less
known and utilized kinds of sugar follow in alphabetic
order, concluding with the artificial product, which is daily
growing in importance, both here and abroad. These chapters
are supplemented by others on sugar refining, on the patents
relating to sugar, on the central factory system, on the
analysis of sugars, molasses, and the raw and manufaciured
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articles connected therewith, on the production of and com-
merce in sugar throughout the world, and finally a chapter
is given on the allied industry—the distillation of rum.
Summaries of the chemistry and history of sugars, and a
very complete catalogue of the literature of the subject, are
given in the introductory chapter. It is believed that this
concentration of what is really a very wide range of informa-
tion into a single volume will prove a great boon to the many
who are interested in it.

In conclusion, it must be stated that practical instruction
is the one aim of the work, and that all who have contributed
to its pages are entitled by long experience and scientific
attainments to speak with some degree of authority. The
chapters on refining, analysis, and patents are wholly written
by G. W. Wigner, one of the foremost analysts of the day, in
conjunction with his partner- R. H. Harland, whose practical
acquaintance with sugar-growing lands ranges from the West
Indies to the Philippines, enabling him to add many valuable
facts while revising the proof sheets. To B. E. R. Newlands,
well-known in sugar-refining circles, are due many thanks for
careful revision of the section dealing with this branch.
Similar acknowledgment is due to Farnham Maxwell-Lyte,
long connected with the French beet sugar manufacture, and
an inventor of several new processes therein ; to G. A. Ames,
a most successful West Indian planter, and to Colonel Thomas
P. May, formerly a Louisiana cane-grower, for many temarks
and suggestions concerning their respective countries ; and to
j- G. Chapman, of the well-known firm of Fawcett, Preston,
and Co., for drawings and descriptions of new and improved
machinerv, and original observations on roller mills.

To the painstaking labour of these gentlemen in their
several spheres, the practical character of the volume is

mainly due.
C. G. W. Lock.



INTRODUCTORY.

Definition and General Chemistry of Sugars—The term
“sugar” was originally employed and intended to classify all
substances having a sweet flavour, and thus came to be used
almost indiscriminately for cane-sugar, fruit-sugar, sugar
(acetate) of lcad, and other bodies possessing that property.
At present, in a general sense, it is reserved almost exclusively
to denote cane- and beet-sugar (true crystallizable sugar or
“sucrose.”) Inchemistry, the word “sugar ” is applied generi-
cally to a large class of organic bodies intermediate between
starch and alcohol, termed “carbohydrates,” each having 6 to
12 atoms of oxygen and hydrogen combined in the propor-
tion to form water ; they are nearly allied to, and may be
considered as derivatives of, the hexatomic alcohols (C4H,,Oy),
of which, mannite may be taken as a type. Indeed, mannite,
which can hardly be strictly classed as a true sugar, may be
artificially formed from glucose (C4H,0,) by treatment with
sodium amalgam, the glucose thercby taking up 2 atoms more
of hydrogen, and becoming converted into mannite :—

Glucose. Mannite.

CoH130¢ + 2 H = C,H,,05.
Although the hexatomic alcohols are not to be regarded
as true sugars, still, as each of them possesses a marked
saccharine flavour, and presents some of the other charac-
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teristics of the true sugars, it will be convenient and instructive
to include them in the subjoined tabular classification :—

CARBOHYDRATES,,

Isomeric Satlucmtgfls‘}!exawmic Isomeric Glucoses. Isomeric Saccharpses.
CgHy40g. CgH 1904, C12H22011.
Mannite, mannitol, Sucro-dextrose, dextrose, | Cane-sugar, saccharose,

Dulcite, dulcitol. glucose, diabeticsugar. sucrose,

Isodulcite, isoduleitol. | Sucro-levulo ¢, levulose, | Milk-sugar, lacton, lactose,

Sorbite, sorbitol. levo-glucose. lactine.

Pinite, pinitoL Lactose, galactose. Starch-sugar, amylon,

Quercite, quercitol, Arabinose, pectinose. maltose.

Inosite, inosol. Eucalyptose. Mycon, mycose, trehalose,

Dambose. Sorbin. Eucalypton, melitose.

Bornesite. Meleziton, melezitose,

Dambonite. Parasaccharose.
Synanthron, synanthrose.

The properties by which the members of these groups may
be distinguished are mainly:—(1) By boiling with acids (even
dilute), the hexatomic alcohols and the glucoses are but little
affected, while the saccharoses are converted into glucoses ;
(2) the varying powers possessed by many of their solutions
pasticularly the glucoses and saccharoses, in rotating the
vibration-plane of a ray of polarized light; (3) the tendency
of the glucuses to enter into fermentation, while the hexatomic
alcohols are unfermentable, and the saccharoses are either
unfermentable, or only partially fermentable and with great
difficulty ; most of the last, however, are converted into
glucoses by the action of ferments, some of which, such as
diastase (a principle formed during the germination of seeds)
and synaptase (a principle found in almonds and other fruit-
kernels), have special effects. The saccharoses are also con-
verted into glucoses by the saliva, and by the juices of the
stomach and intestines; and some, as cane-sugar, merely
by prolonged heating or boiling in water. Certain other
ferments, such as Zorula cevevisie and Penicillinm Llancum,
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seem to possess the property of converting some saccharoses
into glucoses, before promoting the special fermentations
produced by their propagation. The fermentable sugars
(C H,,0,) which are capable of direct vinous fermentation
are invert sugar (a mixture of dextrose and lzvulose), dextrose,
levulose, galactose, and maltose.

The members of the first group (hexatomic alcohols)
demand no further consideration here. The most important
commercially is mannite.

Cane-sugar or sucrose is the variety of sugar which is
extracted from the sugar-cane, a plant which grows only in
tropical and subtropical climates, and which at one time
supplied nearly the whole of the sugar consumed in Europe.
It is extensively cultivated, and the manufactured product,
under the name of “raw sugar,” forms the staple produce of
many of our colonies. Until recently, both the cultivation
and manufacture of this most important article have been
much neglected, and even at the present day some of the
largest sugar-producing countries are exporting sugar, which,
from its appearance and characteristics, has evidently been
sadly spoiled during preparation. Sucrose is also extracted
from the juice of the beetroot ; it is apparently identical in
chemical composition with the sugar extracted from the cane,
and a considerable quantity is produced for consumption in
Europe ; but it possesses inferior sweetening power, and it is
by no means improbable that in the near future some labora-
tory method of distinguishing the two kinds will be dis-
covered. More care is taken in the manufacture of sucrose
from beet than from cane. Sucrose is likewise contained in
the juices of many other plants, notably sorghum and several
palms ; its manufacture is, however, virtually restricted to the
sugar-cane in the tropics, beetroot in Europe, sorghum and
sugar-maple in America, and a small proportion from the
wild date-palm in the East.
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Sucrose is found associated with invert sugar in the juice
of many fruits: the following table by Payen shows the
percentage proportions —

Cane- Total

sugar. Sugar.

Pineapple (Montserrat) .. .. .. .. .. 11’33 .. 13730
Strawberry (Collina d'Ehrherdt) .. .. .. 6°33 .. 1II'3!
Apricot .. .. i we e . 604 .. 878
Apple, grey Remette (fre=h) e ee v .. 528 .. 14700
o e (preserved) ve e .. 320 .. 15°83

s English .. .. ve e e . 2°19 . 7°65
,» Calville (preservcd) ve e e .. 0743 .. 6°25
Plum, Mirabelle .. .. .. .. .. .. .. 524 .. 867
,» Reine Claude .. .. .. .. .. . 1°23 .. 5°55
OFaDgE oo .. v we i e ee e 4022 . 8758
Lemon .. .. .. .. . . . .. . 041 .. 1'47
Raspberry ve e we e w201 .. 7723
Peach .. .. .. .. o & & & . 092 . 1°99
Pear .. .. ve ee s .. 068 .. 878
y St Germa.me (preserved) e ee e .. 036 .. 784

Sucrose separates from a supersaturated solution in the
form of monoclinic prisms, generally with hemihedral faces;
its sp. gr. is 1606 ; it is very soluble in warm water, but in-
soluble in ether and absolute alcohol ; absolute alcohol when
warm takes up a small proportion, which is again deposited
on cooling. Heated to 160° C. (320° F.), it melts, and solidifies
again on cooling, forming “barley-sugar” At higher tem-
peratures than this, it suffers decomposition, losing water, and
becoming converted into a mixture of dextrose and lavulosan;
and at still higher temperatures, it is converted into caramel,
Its concentrated solution can be kept exposed to the atmo-
sphere for some considerable time without suffering any sensible
amount of deterioration; in weaker solutions, however, the
sucrose is gradually transformed into invert sugar, more
especially if the sugar be at all impure, in which case it is
very prone to undergo fermentation.

Long-continued heating converts it into invert sugar, this
change being more rapidly brought about in the presence of
an acid ; when treated with concentrated sulphuric acid, it is
transformed (with evolution of sulphurous acid and other
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volatile products) into a black carbonaceous mass. With
bases, it forms a class of salts known as sucrates ; the alkaline
earths combine with it, and its optical pewer is reduced, not,
however, proportionally to the quantity-of the base, but to the
concentration of the sugar solution. Its specific rotatory
power, which does not vary with the temperature, is 73'8°
for the transition tint. Various salts have the property of
preventing sucrose from crystallizing.

Sodium chloride forms with it a compound having the
formula C,,H,,0,, NaCl.2H,0. Concentrated sugar solu-
tions dissolve a large proportion of lime, forming thereby
compounds containing one, two, or three equivalents of lime,
which are readily decomposed by carbonic acid gas. The
calcium sucrates formed by treating concentrated solutions of
sucrose with calcium hydrate are four in number. As several
methods have been proposed for manufacturing or refining
sugar by the aid of these compounds, they may be shortly
described. The monobasic sucrate (C,,H,,0,,Ca0), prepared
by precipitating a saturated solution of sugar containing
excess of lime with 85 per cent. alcohol, forms a white pre-
cipitate which, on drying, constitutes a brittle substance casily
soluble in water. The bibasic sucrate (C,,H,,0,,2Ca0) has
been obtained by Boivin et Loiseau by several methods ; it
is easily prepared by precipitating with alcohol of 65 per cent.
a saturated solution of sucrose with excess of lime, and boil-
ing ; it is decomposed by water into the tribasic salt.and
sugar. Sesquibasic sucrate (2C,,H,;,0,,3Ca0) is formed by
boiling a solution of sugar with excess of lime ; the compound
separates out, and may be obtained as a white friable mass by
evaporation in an atmosphere of carbonic acid. Tribasic
sucrate (C,,H,,0,,3Ca0) is precipitated in flocks resembling
albumen, when a sugar solution containing excess of lime is
heated ; it is readily soluble in sugar-water.

The formation of the peculiar sucro-carbonate of lime, the
“sucrate of hydrocarbonate of lime” of Boivin et Loiseau,
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will be fully described under Sugar-refining. The chemical
composition, which, however, varies with the density of the
solutions; temperature, and proportions of sugar and lime,
is 3CaCO,, C,,H,,0,,.3Ca02H,0.

Sucrose is not directly fermentable, but first requires invert-
ing. When its solution is mixed with yeast, it gradually
becomes converted into invert sugar, and subsequently into
alcohol and carbonic acid,—

C¢H,04 = 2C,HO0 + 2 CO,.

Other compounds are also formed, as shown by Pasteur, e.g.
glycerol (glycerine) and succinic acid, amounting to nearly
5 per cent.; so that the proportion of alcohol produced is only
51-51) per cent. instead of 54°9y, the theoretical quantity.
The action of the yeast is not thoroughly understood. Mineral
acids greatly retard fermentation, which is also prevented by
carbolic and sulphurous acids.

Invert sugar (C4H,,O6) can be produced from crystallizable
sugar by the action of acids,.diastase, heat, salts, &c. It is
easily fermentable, forms salts with metallic bases, is found
in the juices of many plants, and is present in very large
proportion in the juice of unripe sugar-cane ; it is manu-
factured on a large scale from grain or starchy materials by
treatment with a mineral acid, and conversion with high-
pressure steam (see Starch-sugar); as thus prepared, it is
uncrystallizable, of a slightly sweetish flavour, and can be
concentrated to a thick jelly or to a solid state ; heated with
a solution of cane-sugar, it converts nearly its own weight of
that substance into the uncrystallizable form ; with alkalies,
it darkens in colour and forms soluble salts with them ; it
reduces an alkaline solution of a cupric salt; as a syrup, it is
almost colourless, and, in the solid form, the colour varies
according to the.care taken in its preparation. The two
bodies of which it is composed, namely dextrose or dextro-
glucose and kevulose or lzvo-glucose, differ in rotatory power,
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and in other particulars ; they are, however, seldom met with
in a separate state.

Dextrose (CsH | ,0,) rotates a ray of polarized light to the
right. It may be obtained in the form of needle-shaped
crystals by the evaporation of an alcoholic solution; when
freshly prepared, its rotatory power is 112° but after standing
for some time, or immediately on heating, the rotation sinks
to 56° and remains constant ; it is insoluble in ether, soluble
in alcohol, and gives no coloration when mixed with con-
centrated sulphuric acid ; with alkalies, on the application of
heat, it turns brown; it reduces an alkaline solution of a
cupric salt, and forms with metallic bases compounds called
glucosates ; when heated to 170° C. (338° F.), it gives off one
atom of water ; by increasing the temperature, it turns brown,
and is subsequently converted into caramel.

Levulose is isomeric with dextrose, but rotates a ray of
polarized light to the left; its molecular rotatory power, which
varies with the temperature, according to Dubrunfaut, is [4]
j=—133at90° C.(194° F.), — 79°5 at 52° C. (125'6° F.),
— 106 at 14° C. (57°2° F.). It is a colourless, uncrystallizable
syrup ; on the application of heat, it behaves much in the
same way as dextro-glucose. It may be prepared by in-
verting cane-sugar with hydrochloric acid, and adding excess
of calcic hydrate ; the liquid after some time solidifies, and
the solid mass, when submitted to pressure, yields a solution
of a calcium salt of dextro-glucose together with calcium
chloride ; after washing the cake of levo-glucose with water,

and treating with oxalic acid, a solution of levo-glucose is
obtained.

Milk-sugar, lactose, or lactine (C,H,,0,)), an isomer of
cane-sugar, is prepared from milk, which contains about 4 per
cent., in the manner described hereafter ; the product thus
obtained can be further purified by passing its aqueous solu-
tion through animal charcoal, evaporating the water, and
recrystallizing.  Milk-sugar crystallizes in hemihedral trj-
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metric prisms, of the co.nposition C,H,,0, + I1,0; by
heating to 130° C. (266° F.), the crystals melt and lose one
atom of water ; the anhydrous milk-sugar, which remains in
the form of a liquid mass, solidifies into sinall crystals on
cooling. Milk-sugar dissolves readily in weak acetic acid,
and crystallizes again unaltered ; it is insoluble in absolute
alcohol and ether, soluble in 56 parts of cold and 2} parts of
boiling water. A saturated solution in water has a density
of 1-055,and contains 14*55 per cent. crystallized milk-sugar;
when concentrated, this solution deposits crystals so soon as
it has attained a density of 1:062; it then contains 21°64
per cent, milk-sugar. This change in solubility is accounted
for by Hesse on the supposition that the size of the molecules
of the two modifications of milk-sugar stand to one another as
3 to 2, so that by boiling, the 8 variety is produced, the mole-
cules of which occupy 1 less space. The specific rotatory
power for the a variety is [2]p + 80°, and for 3 variety 52°7°
Milk-sugar is charred by warm concentrated sulphuric acid ;
heated with the diluted acid, its optical rotatory power is
increased, galactose (CgH,,04) being formed; according to
more recent researches, two sugars are formed (corresponding
with dextrose and lavulose from cane-sugar), both ferment-
able, but differing in their solubility in alcohol, and in their
specific rotatory power, though both are dextro-rotatory.
The specific rotatory powers for the two are given as—

telo .. 92-83° | [ale .. 62-63°

Both are birotatory.

Milk-sugar ferments with yeast, but more slowly than
grape-sugar or dextrose, yielding alcohol and carbonic acid ;
with most of the bases, it forms well defined compounds ;
it does not combine with sodium chloride. There are two
calcium compounds of it, one soluble and containing equal
numbers of molecules of lime and sugar, the other insoluble
and containing a larger proportion of lime.
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Maltose, according to O’Sullivan, is a crystalline body
yielding 50 per cent. of its weight of alcohol when fermented
with yeast. It is formed by the action of malt-extract on
starch ; its specific rotatory power is twice that of cane-sugar
(147°6). 100 parts correspond to 7732 of cupric oxide, being
equal to 65 parts of invert sugar. By boiling with acids, it is
converted into dextrose.

History of Sugars—Itymologically, sugar would seem to
be of Indian origin, the earliest forms of the word being
sarkara in Sanscrit and sakkara in Pracrit. Thence it may
be traced through all the Aryan languages, as schakar in
Persian, sukkar in Arabic, suicar in Assyrian and Pheenician,
saccharum in Latin, azucar in Spanish and Portuguese, zuc-
chero in Italian, sucre in French, zucker in German, &c.

The precise product indicated by these various names is
not always clear, and probably is not identical in all cases.
The cultivation of the genuine sugar cane (Saccharum spp.)
appears to have been common in China and India in very
remote times, but there is no documentary evidence on this
point earlier than Herodotus. Frequent mention of the
“sweet cane ” occurs in the Scriptures, but the plant referred
to is doubtful. An Indian reed yielding honey is alluded to
by Strabo, and a similar statement concerning an Egyptian
reed is made by Theophrastus; while Dioscorides actually
gives the name saccharum to a kind of honey obtained from
reeds in Arabia Felix and India; both he and Pliny
accurately describe the product as being white and brittle,
and of a salt-like consistence. Later it seems to have been
generally termed “Indian salt” among the Greeks and
Romans, by whom it was obtained in small quantities at
great cost from India, and used medicinally.

The introduction of the sugar-cane into the Mediterranean
basin must have taken place at an early date ; for it was found
growing at Assouan, on the Nile, in 766, and was carried
into Spain by the Moors in 714, while Sicily engaged in the
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culture about 1060-9o0. During the religious wars of the
Middle Ages, the “sweet honied reeds,” called zwcra, which
abounded in the meadows about Tripoli, were consumed by
the Crusaders; and it is evident that sugar-making in that
neighbourhood was conducted in a wholesale and systematic
manner. From Cyprus and Madeira, the industry extended
in 1500~1600 to most of the West Indies, where it was carried
on by Spanish and British colonists ; but there is strong
evidence in favour of the supposition that several kinds of
sugar-cane are indigenous both to the West Indies and to
almost the whole continent of South America.

From the extensive growth of sugar in the Western Tropics,
there ensued large importations of the raw article into Kurope;
and the introduction of tea and coffee about the zame time
created a general and wide demand for what had hitherto
been regarded as a medicine rather than as a nutritive article
of diet. Sugar-refining appears to have been copied from the
Arabs by the Venetians, and refineries were established in
England and Germany in the 16th century, and in Holland
soon after.

Up to this time, cane-sugar was the only kind known in
commerce. But in 1747, Margraf demonstrated the existence
of about 6 per cent. of sugar in beetroot; and in 1798,
Achard manufactured beet sugar on his farm in Silesia, and
presented loaves of refined sugar to Frederick William III,
of Prussia in 1799. About 10 years later, Napoleon used
extraordinary efforts to foster the production of native grown
sugar ; and grapes, plums, maize, sorghum, carrots, and other
plants were also experimented on. The results obtained did
not excel those from beet; and the first French factory for
making beet sugar was founded at Lille, in 1810, by Crespel-
Delisse. The sudden and great fall in the price of sugar
caused by the Peace of 1813 crippled the native industry ;
but Crespel-Delisse and a few others held on, and the
production of beet sugar in France rose, through many
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vicissitudes, from 1 million kilogrammes (of 2°2 Ib.) in 1827
to 450 million in 1875, and is still increasing.

The artificial conversion of starch into an uncrystallizable
form of sugar known as glucose was first accomplished by
Kirchoff, of St. Petersburg, in 1702. Of late years, this
industry has assumed important dimensions in Continental
Eutope, England, and the United States.

As to the history of the other sugars obtained from the

- maple, sorghum, and various palms, nothing definite is known,
The preparation of sugar or syrup from green maize stalks is
due to the ancient Mexicans, and has been carried on with
varying success in Southern Europe and in the United States;
the extraction of sugar from melons is an American innova-

*tion of the last few years; and the separation of sugar from
milk is an essentially Swiss industry. The saccharine secre-
tions of bees and similar insects, as well as natural exudations
such as manna, have probably been utilized from the very
remotest ages, and are the subject of no particular preparation
or manipulation.

The further history of the development of the sugar in-
dustry, now one of the most important, particularly for this
country and our many Colonies, may be gathered from the
succeeding pages, notably from the chapter giving a summary
of the important patents relating to it.

Literature of Sugar.—The literature bearing upon sugar is
éxtensive, and embraces the following works :—

ANDERSON (A. W.)
“ Sugar-cane, and Manufacture of Sugar in the West Indies.”
(Trinidad: 1860).
ANDERSON (W.}
“The Aba-el-Wakf Sugar Factory, Upper Egypt.”
(Min. Proc. Inst, Civ. Eng., vol. xxxv. London . 1872).

ANTELME (C.)
# Culture de la canne A sucte 2 Pile Maurice.” {Bordeaux : 1866),

BARUCHSON (A.)
% Beetroot Sugar.” (Zondon : 2nd edit, 1870).
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BASSET (N.)

“ Culture de la betterave.” (Paris: 3rd edit, 1868).
Basset (N.) T

¢ La situation de l'industrie sucriére frangaise.” (Paris: 1873)
Basset (N. .

« La( Su)crerie.” (Paris).

BAsseT (N.)

“ Guide du fabricant de sucre” (Paris: 2nd edit., 1872-5).

BELL (]J.)
“ Culture of the Sugar-cane, and Distillation of Rum.”

(Caleutta :

BENOIT (J. A.)

“ Culture speculative de la betterave,” (Troyes:
BESSEMER (H.)
“ New System of Manufacturing Sugar.” (London ;

BLAKE (J. S))
¢ Prize Essay on Draining Sugar Estates.”

BLONDEL (J)

-

1831),
1874).

1352).

“ Fabrication du sucre de betteraves.” *~ -(Dowai : 2nd edit., 1870)-

BOBIERRE.(A.)

“ Culture de 1a canne 2 sucre.” (Paris: 1865).
BOURGOIN D’ ORLI (P. H. F.)
“ Culture de la canne & sucre.” (Paris)e
BouTton (L. S.)
“ Especes de cannes & sucre cultivées & Maurice.”
(Port Louts : 1863).
BURGH (N. P.)
“ Sugar Machinery.” (London : 1863).
BurGH (N. P.)
‘ Manufacture of Sugar, and Machinery Employed,”
(Jour. Soc. Arts, Vol. xiv, No. 608. ZLondon : 1866).
CHAMBERLAIN (H, T.)
“The Sugar Trade of Bristol.”
‘(Jour. Soc. Arts, Vol. xxiii, No. 1190, Zondon : 1873).
CaampioN (P.) and H. PELLETT
¢ La betterave & sucre.” (Paris - 1876).
CLIBBORN (J.)
¥ Sugar-cane Crushing Mill,”
Cook (D. M) (Prof. Pap. Ind. Eng., Vol, vi, No. 26, {Roorkee ; 1877).
“ Culture and Manufacture of Sugar from Sorghum.”
(Rep. Com. Pat.  Waskington : 1862),

CORENWINDER (B.)

“ Influence de Peffeuillaison des betteraves sur le rendement et 1,
production du sucre.” (Paris : 1876)



Introductory. xvii

CORENWINDER (B.) and C. CONTAMINE.
“L’ influence des feuilles sur la production du sucre dans les

betteraves. (\Lille: 1879).

CROOKES (W.) '

“ Beet-root Sugar in England and Ireland.” (London : 1870).
DrumMMOND (V.)

“ Report on the Production of Sugar from Sorghum.” (1879).
DUBRUNFAUT (A. P.)

% Le Sucre.” (Paris: 1873).
DuNCaN (J.), and J. A. R. and B. E. R. NEWLANDS.

“The Alum Process for Purifying Sugar.” (London : 18753).
Evans (W. J.)

“ Sugar-planter’s Manual”  (Lonrdon : 1847 ; Philadelphia : 1848).
FFRENCH-SHERIFF (R.), F. B. HARMAN, and J. C. PURVIS.
“Report on Central Sugar Factories System.” (In Proc. R. Col.
Inst.,, London).

FRANKEL (J.) and R. HUTTER.
=~ Starch, Glucose, Starcb sugar, and Dextrine.”

- ) ¢ L (Philadelphia and London : 1881).
TrEMY (E), and P, P. DEHERAIN,
% Les betteraves & sucre.” (Paris : 187s).

FrRUNLING (R.), and J. SCHULTZ.
“ Untersuchung der fur die Zuckerindustrie Rohmaterialien, &c.”
(Branswick.: 1881).
GiLr (C. H.)
“ Manufacture and Refining of Sugar.” (Cantor Lecture, Soc. Arts).
(Londor : 1872).
Grant (E. B)
“ Beet Sugar.” (Boston : 1867).
HarLAND (R. H))
“ Manufacture of Sugar from Sugar-cane.”
. (The * Analyst,” Zondon : 1880).
HEeaD (J.)
“ Combustion of Refuse Vegetable Substances under Steam Boilers.”
(Min. Inst. Civ, Engs. Jan. 1877).
HEnGes (J. A)

“Sorgo, or the Northern Sugar.plant.” (Cencinnati: 1863).
Hi1GGINS (B.)
“ Muscovado Sugar and Rum.” (St Fago de la Vega : 1800).

HORSIN-DEON.
“ 1 industrie sucrigre.”
(In ¢ Etudes sur Pexposition de 1878, Parss: 1879-80).
{CERY (E))
‘“ Récherches sur le jus d¢ la Canne A Sucre.” (Maurice: 1863).

¢



xviil Introductory.
INGRAM (W.) )

“Sorghum Cultivation at Belvoir.” (London :
Kerr (T.)

« Cultivation of the Sugar-cane, and Manufacture of Sugar.”
(London : 1851).

1880).

KLEEMANN (C.) 8
“ Praktische Zuckerriibenbau.” (Leipzig: 1881).

Konn (F.)
« Methods o1 Extracting Sugar from Beetroot and Cane.”
(Jour. Soc. Arts, Vol. xix., No. 956. London : 1871).
LADUREAU (A))

¢ Culture de la betterave 2 sucre.” (Lille : 1877, 1880).
LE Duc (W. G.)

“ Sorghum Sugar.” (Washington : 1880).
LENGLEN (C.)

¢ Culture de la betterave.” (Arras: 1876).
LEON (J. A.)

“ Sugar Cultivation in Louisiana.” (Londor : 1848).
Leox (J. A)

“ Manufacturing and Refining Sugar.” (London : 1850).
LEPAIRE (L.)

¢ Culture de la betterave.” (Chalon-sur-Sadne - 1881).

McCuLLOH (R. S.), and A. D. BACHE.
“ Scientific Investigations on Sugar and Hydrometers.”
(U.S. Senate Doc., No. 209, and [revised ed.] No. so.
Washington : 1848).
MADINIER (P.), and G. DE LACOSTE.
“ Guide du cultivateur du Sorgho & sucre.” (Paris: 1856).
MALAVOIS.
¢ Culture de la canne, et fabrication du sucre, a I'tlle de la Réunion.”
(Paris: 1861).

MASSONNEAU.

“ Betterave & sucre, sa culture et ses produits.” (Poissy : 1873).
MAUMENE (E. ].)

“ Fabrication du sucre.” (Faris: 1876-8).
Maw (G.)

“The Sugar-maple.” .
(Pharm. Jour., Vol. ix. [xxxvii.], No. 428. ZLondon : 1873).
MorT (H. A.)
“ Practical Determination of the Value of the Sugars of Commerce.”
(Jour. Franklin Inst.).
MotT (H. A))
“ Absorption of Sugar by Bone-black.” (Jour. Franklin Inst.).
NiccoL (R.)
“ Sugar and Sugar-refining.” (Greenock . 1864).



Introductory. xix

NicroLsoN (W. G.)

“ Prize Essay on Empoldering Land for Sugar Estates.”
Nursey (P. F.)

“ Sugar-making Machinery.” (Trans. Soc. Eng.  London : 1866).
OvLcorT (H. S.)

“Sorgo and Imphae, the Chinese and African Sugar-canes.”

(New York: 1857).
PeLIGOT (E.)

“ Analyse et composition de la betterave i sucre.” (Paris : 1839)
PeL1GOT (E.)

“ Composition chimique de la canne 2 sucre.” (Paris: 1840).
PELicoT (E.)

“ Fabrication du sucre.” (Paris: 1843).
PETERMANN (A)

¢ Culture de 1a betterave 2 sucre.” (Brussels : 1876).
PuipsoN (T. L.)

¢ Agricultural Chemistry of the Sugar-cane.” (London : 1873).
PorTER (G. R.)

“ The Sugar-cane.” (London : 2nd edit., 1843).
REED (W.)

“ History of Sugar and Sugar-yielding Plants, and Epitome of Pro-

cesses of Manufacture.” (London : 1866).

REGNER (R. von)

¢ Fabrikation des Riibenzuckers.” (Vienna, Leipzig, and Pest).

ReHwaALD (F.)
“ Stirke-fabrikation, und Fabrikation des Traubenzuckers.”
(Vienna, Leipzig, and Pest).
REYNOSO (A))
“ Cultivo de la Caifia de azucar {in Cubal.”
(Madrid: 2nd edit., 1865).
RoOBINSON (S. H.)
% The Bengal Sugar-planter.” (Calcutta : 1849).
RotH (H. L.) .
“ The Sugar Industry in Queensland.”
(Brisbane, Sydney, Melbourne, and London : 1880).

ROUGHLEY (T.)

“ Jamaica Planter’s Guide.” (London - 1823).
ST. CrOIX (Marquis de)
¢ Fabrication du sucre aux colonies francaises.” (Paris: 1843).

SCHEIBLER (C.)
¢ Riibenzucker-fabrikation.”
(In A. W. Hofmann’s ‘ Chemische Industrie iii. Heft. Zruns-
wick: 1877).
SCOFFERN (J.)
“ Manufacture of Sugar in the Colonies and at Home.”
London : 1849).



XX Introductory.

SHIER (J.) * o
“ Testing Cane-juice, and the Process of Clarification.” .
(London : 2nd edit., 1877).

SiLLiMaN (B.)

“ Cultivation of the Sugar-cane.” (Washington . 1833).
SimMonDs (P. L.)

“ Tropical Agriculture.” (London : 1877
SoaMEs (P.)

“ Manufacture of Sugar from the Sugar-cane.” (London : 1872).
STAMMER (C.)

“ Fabrication du sucre.” (Paris: 1870).
StewarT (F. L.)

“Sorghum and its Products.” (Philadelplia : 1867).
STEWART (F. L.)

“ Sugar made from Maize and Sorghum. (Wastkington : 1878).
SULLIVAN (W. K.)

¢ Prospects of Beet-sugar in Ireland.” (Dublin: 1852).
TuckeRr (J. H.)

“ Manual of Sugar Analysis.” (New York.: 1831).

VOELCKER (A.)
“ Cultivation and Uses of Sugar-beet in England.”
(Jour. Soc. Arts, Vol. xix., No. 955. ZLondon: 1871).
WaLKHOFF (L.)
“ Fabrication et raffinage du sucre de betteraves.”
(Paris and Kiew : 1870-1).

WarEe (L. S.)
“The Sugar-beet.” (Piiladelphia : 1880),
WaRrEe (L. S.)

“A study of the various sources of Sugar.”  (Philadelphia - 1881).
Wray (L)

“ The Practical Sugar-planter.” (London : 1848).
The Sugar-cane. (Manchester : 186g- ).
Journal des Fabricants de Sucre. (Paris: 1866~ ),
Zeitschrift fiir Zucker-industrie. (Prag.: 1872- ).

Zeitschrift fiir Ritbenzucker Industrie.



- CONTENTS.

CANE SUGAR.

CHAPTER I
CULTIVATION OF THE PLANT,

The plant : botany ; varieties,~Bourbon, Otaheite, Batavian, East 1ndian,
Chinese, Cochin China, Straits, South Pacific, West Indian, Cale-
donian Queen, green Salangore, violet Salangore; importance of
erect growth; structure and development; range; climate; soil;
manuring,—composition of canes, composition of cane soils, manures
abtained from foreign sources, manures produced on the estate;
green-soiling, rotation, fallows, tillage ; laying-out an estate; drain-
age ; irrigation ; propagation of the plant; planting,—lining-out and
holing, setting out the cuttings, moulding and banking ; weeding and
trashing ; ratooning; harvesting,—wire tramways, windrowing ; dis-
eases and enemies,—rats, ants, pou blanc, borers, rust, smut ; yields
of canes and sugar .. - a = o .. Pages1-83

CHAPTER L
COMPOSITION OF THE JUICE.

Analyses of ripe and unripe juices, comparison of juice from different
portions of the plant ; the crystallizable and uncrystallizable sugar,—
their relations ; hydrometers for valuing juice ; the mineral matters
contained in cane-juice; the organic matters other than sugar; effects
of the manufacturing processes ; synopsis of the operations entailed in
preparing sugar from cane-juice .. . »” ™ . 84-103

CHAPTER 11I.
EXTRACTION OF THE JUICE.

Crushing the cane : roller mills of primitive form, an improved wooden
mill and water-wheel ; iron mills,—construction of ordinary 3-roller
mill, Manlove and Alliott’s mill, Rousselot’s mill, theory and practice



xxii Contents.

of the returper-bar, Eastons and Anderson’s mill, comparison 'loli
systems of gearing, rapid wersus slow mills, the De Mornay s,
other forms; motors, fuels, and furnaces: comparison of'mOtWe
powers, combined engine, begass as fuel, furnaces for burning dr’y
and wet begass; disintegrating the cane: defibrators, .Bessemers
press, Bonnefin’s rasper ; macerating the cane : auxiliary mills (double
crushing), Duchassaing’s process, Russell and Risien’s process, w.ork-
ing expenses and yield of maceration systems ; diffusion : the pm'{mp'les
on which it is based, practical difficulties, early attempts, shipping
cane in dried slices, cane-slicing machines, Bouscaren’s diffusion
process, Robert’s system, comparison of mill and diffusion juice, work-
ing detatls and results ; pumps and monle-jus .. Pages 104-200

CHAPTER IV.
DEFECATION AND CLARIFICATION.

Preliminary straining ; defecating by heat,~—steam defecators and clari-
fiers, condense-water box, the use of the clarifier; defecating by
chemicals,—lime tempering, testing the juice, Dr. Shier’s table, pro-
posed modification, the “cracking” process, clay batter, Howard’s
finings; lime bisulphite ; sulphurous acid, the Aba-el-Wakf system,
working results with the clarifiers, the consumption of sulphur, objec-
tions to sulphurous acid and their controversion ; other alkaline earths;
lime sucrate, its formation and characters, density of solutions, the
process as adapted to the purification of cane-juice, details of its
working, conclusions as to its merits; lead acetate; sulphur and
chlorine compounds, Eastes’ process compared with the old lime pro-
cess ; sulphur, lime, and charcoal ; defecation for producing Demerara
yellow crystals ; filtration : bag filters, charcoal filters, capillary filters ;
galvanism .. o e . - o0 o8 .. 201-241

CHAPTER V.
CONCENTRATION AND GRANULATION,

Principles involved ; crystallization ; source of molasses ; boiling in open
pans; steam-heated pans; high-pressure steam,—the Aba-el-Wakf
pans, their working details, and arguments for and against them ; filim
evaporators,~——Murdoch’s, Aitchison’s, Gadsden’s, Wetzel’s, Schroe-
der’s, Bour’s, and Pontifex’s pans; vacuum-pans,—boiling 7z vacye
construction of vacuum-pans, proof-stick, sight-glass, slide, copper and,
cast-iron pans, surface condensation ; working the vacuum-pan —
Demerara yellow crystals, molasses; novelties in Vacuum-pax;s-
multiple-effects,—Fawcett and Preston’s, Manlove’s, and Rmieux’s,



Contents. xxlii

triple-effects ; comparison of vertical and horizontal arrangements ;
labour saved by triple-effects ; bath evaporators,—Bonnefin’s tray ;
Fryer’s concretor ; concentrating syrups by cold,—new suggestions
Pages 242~293
CHAPTER VI,
CURING THE SUGAR.
Simple drainage ; claying ; spirit-washing ; vacuum-chest ; centrifugals
296-299
CHAPTER VIL
COMPLETE FACTORIES.

Cuban factory by Cail ; the Khedive’s factory at Aba-el-Wakf; Fawcett
and Preston’s model factory; estimate for machinery; estimate of
cost of manufacture of sugar and rum .. o) 5 .. 300-308

BEET SUGAR.

CHAPTER VIIiL
CULTIVATION OF THE PLANT.

The plant: botany ; varieties, selection of seed, qualities of good sugar-
beets, new kinds at the Paris Exhibition, their sugar values; compo-
sition of the roots : analyses of Znglish beets; climate and range;
soil ; manures, analysis of root to illustrate bad n{anuring; sowing ;
harvesting ; storing; diseases and enemies .. od . 309-327

CHAPTER IX.
EXTRACTION OF THE JUICE.

Bases of purchasing beets for sugar making; sampling and valuing ;
transporting roots and juice; cleansing the roots,—stoners and
washers; raspers, presses, and depulpers ; maceration,—Schutzen-
bach’s, Walkhoff’s, and other plans, with comparative tables of cost
and efficiency ; diffusion,—slicing machines, Robert’s process, cost of
plant and manufacture, Prager Maschinenbau Co.’s apparatus; the
exhausted slices for cattle-food,—~Kluzemann’s, Skoda’s, and other
presses for drying the slices .. Y /i . .. 328-339



XXiv Contents.

CHAPTER X.
DEFECATION OF THE JUICE.

Composition of the juice ; defecation by lime and carbonic acid ; early
attempts with sulphuric acid, chalk, and blood ; Roussean’s, Périer’s,
Dombasle’s, Dubrunfaut’s, Maumené's, Frey’s, and Jenileck’s copntribu-
tions to the modern *“double carbonation” system ; its practical
application ; carbonators, skimmers, and decantation vessels; con-
tinuous lime-kiln for supplying the lime and carbonic acid ; testing
the carbonic acid,—Possoz’s and Wigner and Harland’s apparatus ;
treatment of the lime scums,—their composition, filter-presses ; the
ammonium phosphate process for removing calcium, magnesium, and
sulphuric acid ; Maxwell-Lyte’s cheap production of ammonium tri-
phosphate ; filtration through animal charcoal,~—Dumont and closed
filters ; washing the charcoal,—Kluzemann’s and Schreiber’s washers ;
revivification of the charcoal,—Schreiber’s, Ruelle, and Blaize kilns

Pages 360-384

CHATPTER XL

CONCENTRATION OF THE SYRUP.

" A o m o o o s o5 385

CHAPTER XIIL
CURINC THE SUGAR.

Classification of first, second, and chird sugars; ordinary yield of beet
sugars ; the molasses,—its composition and utilization ; osmosis,
elution, Manoury’s and other processes for recovering its sugar, either
as sugar or as lime sucrate . 3 - ™ .. 386-394

CHAPTER XIII,
MAPLE SUGAR.

Botany, physxology, c.hmatic inﬂuenc;:\, yield, tapping, boiling, statistics of
production, uses, iniprovements ; box-elder sugar .. . 395-403

CHAPTER XIV,

MELON SUGAR,

404-405



Contents. XXV

CHAPTER XV.
MILK SUGAR.

=- . " N - o1 8, .. Pages 406-407

CHAPTER XVI.
PALM SUGAR.

Sources, botany ; native culture; planting, cost; cutting the trees and
collecting the juice ; boiling the juice ; effect of climate: yield; cost;
renting trees ; history ; statistics ; peculiarities and uses of palm sugar;
low cost .. -” T N, e . Ay, .. 408-424

CHAPTER XVIL
SORGHUM AND MAIZE SUGAR.

Sugar from graminaceous plants; botany ; qualities; experimental
culture, with tables of results ; varieties ; cultivation,—soil, preparing
the ground, time of planting, seed, planting, cultivation of the crop,
time to cut the-cane, harvesting, transport ; manufacture,—crushing
mills, evaporators, defecators, Stewart’s process, coolers, complete
factory ; local details and statistics .. & = .. 425458

CHAPTER XVIIL
STARCH SUGAR AND OTHER GLUCOSES.

Formation of sugar from starch ; principles of manufacture ; sources of
starch; forms of starch sugar; boiling and converting the starch;
neutralizing the acid and filtering off the lime sulphate ; evaporation
and refining ; solid sugar ; packing syrup ; grades of starch sugar and
syrup; composition, Payen’s, Manbré’s, Réssling and Reichardt’s,
Anthon’s, and other special methods of making glucose; capillair
syrup and sugar ; granulated glicose; uses, cost,and prices of glucose

459-479
CHAPTER XIX.
SUGAR REFINING.

Impurities of canc and beet sugars, analyses of their ash ; synopsis of
operations in refining,—planning a refinery, water, washing the pack-
ages, melting the sugar, the blow-up, bag-filters, charcoal cisterns and
action of the char, boiling the decolorized liquor ; revivifying charcoal,—

4



Xxvi Contents.

washing off the impurities, reburning kilns of. McLean and Ang\LS,
Buchanan and Vickess, and Brinjes ; preventmg nuisance from the
kilns. The alum process of reﬁning,——compositlon of beet molasses
and low-class cane sugars, precipitation of the potash as alu.m,
neutralization of the residual acid liquor, effects of the process, modl.ﬁ-
cations suitable to certain cases. Strontium, oxalic acid, tanm.n,
chloride of sulphur, alcohol, lime sucrate, elytion, and other special
refining methods ; centrifugals of improved form .. Pages 480~522

CHAPTER XX
THE CENTRAL FACTORY SYSTEM.

The cost of construction, manner of conducting, yields, and advantages
of central factories or wsines .. * . B .. 523-531

CHAPTER XXI.
SUMMARY OF PATENTS.

Summarized account of all important patents relating to,—the treatment
of the cane ; evaporating apparatus ; filtration ; centrifugal machines ;
brewing sugars, starch sugar, and invert sugar; various chemical
substances for defecating ; and unclassifiable sundries .. 532-548

CHAPTER XXIIL
SUGAR ANALYSIS.

General instructions and preliminary hints ; determining the crystallizable
sugar ; determining the uncrystallizable sugar ; determining the water ;
determining the ash; the unknown organic matter ; stating the
results, Special processes of analysis,—Payen’s, by fermentation,
Fehling’s, by inversion, Clerget’s tables. Analysing cane and beet
juices, tables of saccharine value of juice ; analysing beet ; analysing
cane ; polarized light, and the construction and use of the various
polariscopes. Analysing commercial glucose ; detecting starch sugar
in cane sugar. Analysing animal charcoal,—the impurities absorbed
by it, and their estimation. Analysing milk sugar. Table of the com-
position of commercial sugars o3 pe " .. 549-608

CHAPTER XXIIL
PRODUCTION AND COMMERCE.

The production and consumption of sugar and rum in, general condition
of the sugar industry in, and statistics of exports of sugar and sugar
products from :—Abyssinia, Argentine Republic, Australia, Austro-



Conients. XXVl

Hungary, Belgium, Borneo, Bourbon. Brazil, Canada, Cape Colony,
Cayenne, Central America, Chili, China, Colombia, Egypt, France,
Germany, Guatemala, Guiana, Holland, Honduras, India, ltaly,
Japan, Java, Madeira, Mauritius, Mexico, Natal, New Zealand, Pacific
Islands, Peru, Philippines, San Domingo, St. Helena, Servia, Siam,
Spain, Straits Settlements, Surinam, United Kingdom, United States,
Venezuela, West Indies, World. Sugar consumption ; values

Pages 609-695

CHAPTER XXIV.
THE DISTILLATION OF RUM.

Definition of rum ; purifying, colouring, commerce ; chemistry of alcohol ;
fermentation,—alcoholic, acetous, lactic, and viscous; apparatus.
Distillation and forms of still. Special processes relating to rum and
molasses-spirits generally. Alcohol from beet. Rectification

696-733

INDEX .. » o = » - - . - 734






SUGAR
GROWING AND REFINING.

CANE SUGAR.

CHAPTER L.

CULTIVATION OF THE PLANT.

The Plant.—The sugar-cane is a kind of gigantic grass, be-
longing to the genus Sacckarum. Most botanists are inclined
to ascribe all the varied sorts of sugar-cane now grown
to a single species, called Saccharumn officinarum, formerly
Arundo sacchavifera; this supposes all the forms which are
at present met with to be merely varicties induced by the
effects of cultivation. The best authorities are not absolutely
agreed upon the subject, however; and as it is very question-
able whether any of the canes now to be discovered growing in
an apparently wild state in some of the oldest sugar-raising
countries are truly wild, i.e. have never been subjected to arti-
ficial influences, it is probably impossible to arrive at a
reliable decision, especially when the original home (or homes)
of the sugar-cane remains unknown.

Varietics.—All practical ends are served by a knowledge
of the characteristics which have been developed by educa-
tion in the different varieties. Many of these have been raised
to the level of distinct species, and have had botanical (Latin)
names conferred upon them ; but in view of the lack of evidence
as to their being true species and not mere artificial varieties,
and o avoid unnecessary complication, it will be sufficient

B
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here to give the colloquial names by which they are generally
known. to sugar planters, and their native names when they
have no other.

1. The Bourbon cane appears to have been introduced into
the West Indies from the Island of Bourbon, but it came
originally from the coast of Malabar. There it was found
growing spontaneously as a small-sized, but soft and juicy
cane ; but #t was so much affected by the change of climate
and soil, and the cultivation it received in Bourbon, and so
increased in size and richness of juice, that it was planted in
preference to the old species, and at length entirely superseded
it throughout the island. Wray entertains a suspicion that it
is in reality no other than the Tibboo Leeut of Singapore .
(generally called the Otaheite cane), somewhat altered by »
change of soil and climate.

2. The Otaheite canes are two; the yellow or straw-
coloured, and the purple-striped or ribbon. The former and

the Bourbon are so much alike in all respects, and have become
' so intermixed on West Indian estates, that it is a matter of
great difficulty to distinguish them, if, indeed, they are not
the same variety.

Considered as the same variety, one description will serve
for the whole. With a good soil and favourable season,
plants of the first year's growth often attain the height
of 12 or 14 feet, measuring 6 inches in circumference, and
with joints 8 or 9 inches apart, though this exceeds the
average. Such plant canes commonly yield (in Jamaica,
Bengal, and the Straits) 21 tons, and not unfrequently 3 tons,
of marketable sugar per acre. Planted at proper seasons, as
will be treated of hereafter, they often attain maturity in 10
months, and very rarely exceed 12. Under certain circum-
stances, as in excessively rich land, or a wet season, it may
be expedient to allow them even 14 months. They requiré
a .gener(?us soil and attentive management. Many soils
which suit other varieties are unfit for the proper develop-
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ment of these; whilst it is generally remarked, that they
are meore sensible of the injuries committed by the trespassing
of cattle, sheep, &c., during their early growth, than other
descriptions.

The purple-striped Otaheite cane is very much like the
ribbon cane of Batavia in appearance; but the former has
broad purple stripes on a greenish-yellow ground, whereas
the latter is of a blood-red on a transparent straw-coloured
ground. It is often called the Otaheite ribbon cane, in
contradistinction to the ribbon canc of Batavia. Its foliagc
is of a much darker colour than that of the yellow variety,
whilst its leaves droop much less. It is a hardy and esteemed
description, of large size, soft, juicy, and sweet ; and yields
sugar in equal quantities, though of a rather dark quality.

3. Batavian cancs are of four descriptions, viz., the yellow-
violet, the purple-violet, or Java cane, the “transparent,” or
ribbon cane, and the Tibboo Batavce, or Batavian cane, of the
Straits. .

The “yellow-violet,” so denominated in the West Indies,
differs from the Bourbon in being smaller, less juicy, con-
siderably harder, of slower growth, of much darker foliage,
and more erect. When ripe, it is usually of a straw-colour,
its skin or rind is thick, and the pith is hard ; but its juice
is rich and abundant. The yellow-violet contents itself with
a soil of inferior quality ; this renders it of much importance
in planting out large tracts of land, some portions of which
may be too poor for its superiors. The sugar manufactured
from this cane is of a very fine quality, but considerably less
in quantity than from the Bourbon. A very common custom
of the old Jamaican planter was to mix the yellow-violet
with Bourbon plant canes, according to proportion, for the
purpose of correcting the juice of the latter, and to check
burning during the boiling.

The “purple-violet,” or large black care of Java, is fully
as thick as the Otaheite, with joints varying from 3 to

B 2
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7 inches apart. In height it is usually about 8 or I0
feet, with leaves of a lighter green than the yellow-violet.
The uppermost joints sometimes exhibit fajnt streaks, be-
coming imperceptible in the lower joints, which are of the
darkest purple colour. Very frequently a white resinous film
is seen encrusted on the joints of this cane, sometimes lying
so thick that the purple of the cane. itself is in some joints
almost hidden. When in perfection, it yields a very sweet
and rich juice. Being very hard, it is difficult to grind, and
affords a comparatively small quantity of juice, which is some-
times troublesome to treat. It is very hardy, thriving well in
poor dry soils; in Jamaica, it is often planted in the outer
rows of the cane fields, to stand the brunt of trespassing
cattle. To other descriptions of cane, these ravages would be
very serious indeed ; but the purple-violet is so hardy that it
quickly recovers, and springs up again with astonishing
rapidity. It was introduced into the West Indies about the
same time as the Bourbon, and is still much cultivated. In
the Straits, the Malays term it Tibboo Etam, or black cane,
and grow it around their houses, for eating.

The “transparent” or ribbon cane is much smaller than
the Otaheite ribbon cane; is of a bright transparent yellow,
with a number of blood-red streaks or stripes running the
whole length of the stalk, and varying in breadth from } to
I inch. Its leaves are green, similar to that of the yellow-
violet, but more erect. It grows from 6 to 10 feet high, with
joints from 4 to 8 inches apart, and 4 inches in circumference.
It is generally planted in light sandy soils, where no other
cane will thrive ; sometimes it is raised promiscuously with
the yellow-violet. Although its rind is thick, and its general
texture hard, yet it yields a good quantity of juice of excellent
quality, which is easily converted into fine fair sugar. Planters
often grind this cane with the Bourbon, for the same reason
as applies to the yellow-violet.

The Tibboo Batavee or _Batavian cane is common in the

&
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Straits of Malacca, where it is cultivated by the Malays. In
appearance, it is much like the yellow-violet, except in the
peculiarity of its colour, which is rather greenish with a pink
shade in parts ; in some of the lower joints, this pink colour is
very bright and pretty, whilst in the upper it is more faint
and delicate. The joints are seldom more than from 3 to 6
inches apart. In height, size, and foliage, it closely resembles
the yellow-violet; it differs from it in being much softer,
more juicy, and less hardy in habit. In a rich soil, it is
prolific, and ratoons well ; its juice is rich, clarifies easily, and
gives a fine sugar; but, on the whole, it is inferior to the
Otaheite variety, while requiring an equally rich soil.

4. East Indian canes.—The large red canes of Assam are
very juicy and sweet; the sugar produced from them is of an
exceedingly fine grain and good colour; they are, moreover,
strong in growth, and much less apt to fall over than the
Otaheite, to which they are fully equal in size, as well as in
quantity and quality of juice. They flower when only 8
months old ; consequently they could be cut and manufactured
in 10 months from the day of being planted.

In Lower Bengal (near Calcutta), and in the Straits of
Malacca, a large red cane abounds, which bears a very close
resemblance to the preceding variety.

The red cane of Bengal is a large and fine cane, much
used about Calcutta for sugar manufacture ; sugar made from
it by the natives, in their own rough and primitive way, exhibits
a grain of good size, strength, and brilliancy. The Malay
name is Tibboo Merah. 7

The next large canes are the black and the yellow Nepal,
large-sized and fine-looking canes, fully equal in appearance
to the Assam.

As to the small-sized canes cultivated in India, they are
very numerous, the most common being the Kajlee and the
Pooree. They are immeasurably inferior to our Colonial
kinds.
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5. The Chinese sugar-cane possesses the advantage of
being so hard'and solid as to resist the forceps of the white
ant and the teeth of the jackal—two great enemies to the
East Indian sugar plantations. It is difficult to express the
juice with the Bengal native sugar mill; but the cane bears
drought much better than the sorts in general cultivation,
producing a profitable crop even to the third year, while the
common cane of India must be annually renewed. It is
extremely hard and prolific; during very hot seasons, it
remains uninjured in every respect, whilst other canes are all
either burnt up, or eaten out of the ground by the white ants.
As the rains come on, the China cane springs up wonderfully,
many roots having no less than 30 shoots, which, by
September, become fine canes, about 12 feet in height, 3 inches
in circumference, and with joints from 6 to 8 inches apart.
These, cut in October, may be planted out dufing a tolerably
severe winter, the cold having littie or no effect in checking
their growth. These facts are sufficient to establish the China
cane as a variety well suited to India, although it is very far
inferior to the Otaheite, wherever that cane can be cultivated
successfully. It was introduced into India in 1796, and is
now common throughout Bengal, although the natives think
it indigenous, from its having been so long armongst them.
Its neglected cultivation during many years in India has
caused it to degenerate very much. It is very small-sized,
being rarely more than 1 or 11 inch in diameter; but it is
sweet, and makes fine fair sugar. The Chinese assert that
it is better adapted than any other cane for making sugar-
candy. It must not be confounded with the Chinese cane
experimented with in Demerara in 18545, which was Ho/as
saccharatus (see Sorghum-sugar) ; though it gave 3 or 4 crops
in a year, the aggregate annual yield fell short of that from
the common cane,

6. The “elephant” cane of Cochin China has been stated
to reach a height of 11 feet and a diameter of 7 inches in
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6 months. This variety is only cultivated for eating or
chewing, and might prove to be a good sugar-producing cane.
But as varieties, especially in the case of sugar-canes, often
improve by change of climate, perhaps this might succeed
better elsewhere. The dimensions of diameter and height, to
which this variety attains, depend on the length of time
during which its growth continues. In a good soil, it requires
2 years to reach 10 feet in height. After 5 or 6 years, it will
reach 16 to 32 feet; such specimens may be seen near native
houses, where it is allowed to grow undisturbed as an orna-
mental plant. In the province of Mytho, this variety is
cultivated in humid alluvial soils on a considerable scale, but
simply for sale in the bazaars and for chewing. It has the
peculiarity of possessing a very brittle epidermal layer, so that,
instead of becoming pressed out, and giving up its juice, when
passed through the wooden mills employed in Cochin China,
it breaks up into small fragments,

7. The Straits Settlements grow eight kinds of sugar-cane,
foremost among which is the Salangore, called by the Malays
Tibboo Cappor or Tibboo Bittong Beraboo, and often termed
“the Chinese cane” by the planters of Province Wellesley,
from the simple fact of its having been cultivated there by the
Chinese immigrants since a time long antecedent to the
European occupation of the district. This is one of the finest
canes known, attaining a weight of 25 lb., a length of over
13 feet, and a diameter of 3 inches, under favourable con-
ditions. It is remarkable for the prevalence of sete (““cane-
itch”) on the portion of the leaf attached to the stalk. The
leaves are very broad, deeply serrated, and have a consider-
able droop; they are some shades darker-coloured than the
Otaheite, and adhere so firmly to the stem even when dry as
to require taking off by hand. The cane “ratoons” better
than any other kind in the Straits, and has been known to
yield there 40 piculs (a picul is 1331 lb.) <f granulated
undrained sugar on 1 orlong of ground (an orlong is 1} acres)
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as third ratoons. As “plant canes,” they have given an
average of 65 piculs of granulated sugar from each orlong, or
6500 1b. to the acre, sometimes increasing to 7200 Ib. The
-Salangore cane grows firm and strong, remaining much more
erect than the Otaheite ; it affords an abundance of juice,
which is sweet, easy of clarification, boils well, and produces
a very fine fair sugar, of bold and sparkling grain.

The Salangore cane has been introduced into Brazil, and
the British and French West Indies. In the former, it has
been attacked by disease; but in the two latter, it is well
spoken of, growing with great vigour under irrigation.
Planted pretty wide apart (2 yards by 2 yards), and properly
manured, in § or 6 months it forms such a thick vigorous
growth as to keep down weeds, and greatly reduce the labour
usually expended on their eradication. The clumps yield from
25 to 40 canes, thus producing a weight per acre much in
excess of ordinary canes. As many as 16 clumps have been
cut from 40 square yards, giving a net weight of over 8co 1b,,
or at the rate of more than 80,000 lb. to the acre, while the
ordinary canes vary from about 21,600 lb. to 32,000 1b. The
“begass” of the Salangore cane constitutes so much fuel that
only a small addition of straw is required to supplement it, while
still leaving as much refuse on the ground as other kinds,

8. The South Pacific Islands are by some regarded as the
original home of the sugar-cane, and they certainly produce a
number of forms which are strictly local. Cuzent enumerates
the following kinds in the Society Islands:—(e) To Uti:
large stalk, of fine violet colour, pith of same hue, and rich in
juice; it is cut at about 14 mouths. It is not indigenous, but
was inttoduced from Batavia in 1782. () Rutu or Rurutu:
stem of a clear violet, with white pith, the young leaves also
violet-coloured. It comes from Cook’s Archipelago., ()
Irimotu : large, green, fragile stem, which breaks with a
straight fracture and no splinters, the pith being white; it is
rich in juice, but is little cultivated, because of the pubescence



SUGAR.] Varieties of Cane. 9

(hairiness) of its stem, the hairs attacking both the skin and
the respiratory organs during the harvesting operation. (d)
Oura: the common “ribbon” cane, having a violet stem with
longitudinal bands of bright-yellow, the pith being white ; it
attains a great size, especially in humid soils. (e¢) Piavere:
the Creole cane ; it has a light-red stem, grows to a less size
than the preceding, its internodes are less distant, its pith is
white, and the juice is less rich than the other kinds, whence
it is regarded as inferior. (f) Vaihi-uouo or Uouo: the stalk
is white, and contains less juice than the average kinds, but
the juice is richer in crystallizable sugar. It was introduced
from the Sandwich Islands. (g) Avae: a yellow stalk
banded with clear green, having some resemblance to the last-
mentioned ; the pith is white, tender, and very juicy, hence
the natives chew it in preference to the others, but the sap is
not very rich in crystallizable sugar. On the flanks of some
of the mountains, two other varieties are met with. They are
both small, and are known collectively by the name To-Aeho;
one, distinguished as To-Patu, is red, and contains more juice
than the other, which is white. Canes growing in the Pacific
Islands have been asserted to yield 25 per cent. more juice
and 15 per cent. more crystallizable sugar than the bulk of
the canes raised in our Colonies; but this statement requires
confirmation : thus I5 per cent. more crystallizable sugar
means a juice containing 24 to 3 lb. of crystallizable sugar
per gallon, whereas even 2 1b. would be an extraordinary
figure, The Otaheite or Tahiti canes cultivated in the
West Indies degenerate in course of time, and should be
renewed by the importation of fresh stock from the Pacific
groups, and perhaps New Guinea. The Sandwich Islands are
accredited with 35 to 40 distinct varieties of sugar-cane. One
of these varieties, called Fuolle®, grown on 30 acres of good
land under irrigation, gave an average yield per acre of 12,000
Ib. (6 hhds.) of No. 16 sugar. It is reported to be hardy, and
to grow freely up to 2000 feet elevation in its native country.
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9. West Indian kinds.—H. Prestoe, the colonial botanist
of Trinidad, has recently published an official report,
describing the 14 best varieties of sugar-cane, among 32
surviving kinds of a larger number sent from the Mauritius.
Eighteen of them secem to be distinct varicties, and deserving
of care and cultivation, as possessing characters that give
them, in one way or other, a superiority over the two or three
sorts at present in cultivation, and among which the yellow
Otaheite takes by far the largest place. Some of the new
varieties are peculiar for length of joint, and some for length
of joint united with stoutness. One is remarkable for both,
joined with a very soft tissue. This sort is of a fine dark-claret
colour, and is numbered 10 in the list. In common with many
of the others, it also bears drought well, and is prolific. Two
(Nos. 13 and 14), being extremely hardy and prolific, are
recommended as foddeér canes, to plant on poor, dry soils,
unsuited for the better canes. They are much hardier than
Guinea grass, and will yield a manifold greater weight per
acre of surpassingly nutritious fodder. They are purple-
striped. No. 8 resembles the best yellow Otaheite. No. 11,
a dark-purple cane, perhaps a less luxuriant offshoot of same
parent as No. 10, is also soft in tissue. All to No. 12 are
described as stouter and more promising canes than the
common Otaheite (planted in the same soil and under the
same conditions), which was rarely 14 inch in diameter.
Only No. 4 was so sniall, Nos. 2, 6, g, 11, and 12 being 1§ inch,
Nos. 1, 3, 5, and 7 being 2 inches, while the joints of the very
handsome clean cane, No. 10, averaged 2% inches in diameter
by 6% inches long. No. 5 has 6-inch joints, No. 9, 53-inch,
and Nos. 4, 6, 11, and 12 have 5-inch joints. Those of No. I
are 4% inches, of No. 3, 4 inches, and of Nos. 2z and 7, 3% inches,
No. 6 grows very straight canes. No. 7 retains a green
foliage, and, although short in joint, is stated to have a very
fine habit. Having been grown on poor soil, the dimensions
given indicate only the relative values of these varieties as
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compared with the yellow Otaheite, in fields side by side, and
do not define the ultimate standards to which they may
attain under more favourable conditions. A richer and
moister soil will improve all. Purple and purple-striped
canes are generally admitted to be preferentially adapted, by
the haidihood of their habit, to the poorer drier soils ; but it
must be remembered that they have a strength of tissue
which gives increased trouble in crushing. Nos. 10 and 11,
however, are remarkable exceptions, and probably others of
the list, when tried in really good soil, will assume a freer
habit, and gain a larger size, than ever shown by the familiar
yellow Otaheite. There is no reason to doubt that, with
selection and nursing, superior and fixed qualities can be
obtained in sugar-cane, as frecly as they have been in beet
and other agricultural crops in Europe and America.

Still more recently, Purdie, the Government botanist
in Trinidad, gives particulars of three new varieties of sugar-
cane, which are provisionally named “ Caledonian Queen,”
“Green Salangore,” and “ Violet Salangore.” The Caledonian
Qucen is a pale- or greenish-purple cane, close jointed, and
extremely vigorous. The leaves are remarkably broad, and
their bases are nearly destitute of the sete or “cane-itch”
common to most canes. This cane is said to attain enormous
dimensions in the East, and to be one of the most sacchari-
ferous. The short joint is a feature which is generally con-
sidered objectionable, accompanied, as it usually is, by great
hardness of tissue. In this respect, however, the Caledonian
Queen is an exception, and the ready way in which both the
length of joint and the diameter of cane are affected by
manure (the natural soil at St. Ann’s being of the poorest)
indicates great variability of habit, and suggests gigantic
growth under the influence of rich alluvial soil.

The Green Salangore is so named from its retaining -a
green colour on the cane much longer than usual, although,
when fully ripe, the colour of the cane is yellow, but not so
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bright a yellow as that of a well-ripened Otaheite. This
one is the freest-growing of all the varieties in the Gardens,
except the giant Claret cane ; and its erect habit is even more
striking than in that sort. In respect of both length of
joint and diameter of cane, it is equal to it, thus beihg the
largest yellow cane grown in Trinidad. The foliage is large
and heavy, as in Nos. 1, 2, and 6 of the former series, but
completely deciduous, so that the operation of “trashing” is
with it reduced to a minimum, The most striking feature in
this cane, besides its size, is the broad white rim just below
each joint,

The Violet Salangore has the habit of erect growth more
strongly developed than is seen in any other of the canes
enumerated, besides being distinctly the longest - jointed
and tallest, with a full average diameter. The leaves
are long and narrow, as compared with the well-known
Otaheite.

The remarkably erect habit of growth in these two
Salangores is a character which, considering the influences
most conducive to a highly saccharine juice and a large yield
of sugar per acre, is of importance; on this account, it is
deemed desirable that they should be brought into notice, if
only for experiment. It is generally admitted that the
successful sugar cultivation of the future will mainly depend
on an increased yield of sugar from a given weight of cane,
just as the beetroot cultivation has become an established
industry of immense importance mainly by an increased yield
of sugar per ton weight of root, brought about, not only by
improved tillage and manufacture, but by the propagation of
roots (in this case by seed) which were found to contain most
saccharine juice. One of the most commonly observed facts
on a sugar-estate is that canes grown erect (and therefore
enjoying full sunlight and air) are yellow, and “full of sugar,”
whereas canes lying on or near the ground (and thus deprived
of light and air by their erect companions) are green and
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deficient in sugar. The erect or decumbent posture of the
canes is in a measure dependent on the soil, and on the kind
of culture they are treated to, especially when young; but,
under any circumstances, a marked disposition to maintain
an erect habit of growth is an obvious advantage in respect of
the sugar yield. Itwould be highly instructive and doubtless
encouraging, in the face of beetroot success, if every planter,
judging himself to have a field capable of yielding 2% or
3 hhds. per acre, were to test the saccharine contents of one
of his best (most erect and yellow) canes and that of one of
his worst (most decumbent and green) canes of such a field,
then estimate the yield per acre by this best and this worst
respectively, from the calculated weight of cane on the ground.
Such a test seems to be one of the first steps towards
increasing the percentage of sugar to weight of cane, and
thereby the yield per acre, as has been accomplished in such
a remarkable degree with the beetroot.

With regard to the several varieties of sugar-cane already
introduced from the East, as well as the three varieties now
newly brought into notice, there has not been, so far, any
opportunity or proper means for testing their specific and
individual characteristics in respect of their habit of growth
and sugar vield under extended cultivation. It is most
desirable that all the more promising kinds should be fairly
tested, and their individual and distinctive features determined.
To do this, it is indispensable that each variety be kept and
treated separately, and experience has shown that it is a
mistake for one person to deal with more than one variety
when experiment is determined on. However intelligent and
energetic the superintendence, it is next to impossible, with
the assistance usually available, to maintain, or even to plant,
a collection of sugar-canes of several varieties witlout getting
them mixed. Besides, ten or twelve stools grown under fair
average conditions of the estate, are all that is required to
accomplish a full and satisfactory experiment. Such stools,
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placed not less than 8 feetapart in a single row, and kept free
from other plants, will furnish reliable material for analysis,
and data for estimating yield per acre.

The judicious planter will make a selection of the two or
three best sorts adapted to his estate, and will not confine his
attention to a single kind, however superior its qualities may
be ; for it has been proved by experience that the growth of
one class of cane, continued for successive seasons, and extend-
ing over many years, causes a material deterioration. The
occasional exchange of new varieties therefore becomes im-
perative, in order to secure the maximum results that the land
is capable of affording.

Structure and Development.—Bearing in mind the modi-
fied characteristics which cultivation has produced in the
numerous varieties of sugar-cane described in the preceding
pages (pp. 1-14), the following is an account of the structure
and development of the plant.

The sugar-cane has a knotty stalk, and at each knot or joint
there is a leaf and an inner joint. The whole plant is illus-
trated in Fig. 1. The stole or “stool,” forming the portion
between A and B, is divided into two parts: the first a2 is
formed of several peculiar joints, varying in number from
5 to 7, placed very near to each other, and having - rows
of little points at their surface, which are elements of
roots, and are called radicles; they are divided from each
other by a leaf, called the radicle leaf. The whole of these
joints form the first part, or primitive stole. This would not in
itself suffice for a numerous filiation of joints ; hence the cane
joints are likewise endowed with several rows of points, ele-
ments of roots, which develop themselves when requisite, and
form, with the joints whence they issue, a secondary stole &;
they thus form roots, till the joints are sufficiently numerous
and strong to put forth and sustain those which are to follow
them, and form the stalk. This second part of the stole
becomes very strong, and seeins to serve alone for the filiation
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of all the remaining joints. The roots issue from the develop-
ment of the sap-vessels, which are disposed in concentric rays
round each point, on the surface of the joint, as shown in
Fig. 2. The sap-vessels of the root, cut transversely, exhibit a

circular surface of cellular tissue, and are covered with a skin,
which is at first white,

and then brown or
black. The roots
(Fig. 1) are very
slerrder, almost cylin-
drical, scarcely ever
more than a foot in
length, and have a
few short fibres at
their extremities.
The number of
joints on the stalk or

cane proper varies from 40 to 60, sometimes even 80 in the
Brazilian cane; but there are much fewer in the Otaheite,
whose joints are further apart, some of the internodes or so-
called “joints” being 8 or g inches long, while the finer speci-
mens of Brazilian are but 2 or 3 inches in length. The joints
vary very much in their dimensions; they are short or
long, large or small, straight or bulging; and several of
these differences are sometimes found in the same cane. The
knots of the canes, secn at abdcdin Fig. 3, are not simple
enlargements, but rings, from § to } inch wide. Four or five
rows of semi-transparent points occupy their circumference,
and a circular semi-transparent line ¢ very perceptibly divides
the outer from the inner joint. At the upper part of this is a
slight circular hollow, called the neck, which is terminated by
the leaf belonging to the joint. The inner joint is entirely
subordinate to the outer one in development and growth.
It is destined to perform the most important function of the
plant from an economic point of view, for in it, the juice,
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after having undergone various modifications, arrives at the
condition which gives it its value as a sugar-yielder. On
every joint is a bud f, which encloses,
the germ of a new cane.

The sap-vessels are abundantly
large, and number more than 1500.
They are both simple and compound,
exhibiting, when cut transversely, one,
two, three, or even four openings. The
function of the proper or returning

¥ic. 3.
!

vessels is to separate the peculiar juices
proper to the plant in the leaves, the
rind, and the interior of the cane. At a
point somewhat raised on the stalk,
each sap-vessel divides itself into two
parts, one continuing in a vertical direc-
tion, the other becoming horizontal;
the latter grows interlaced with the ver-
tical portion, and, after having formed
a partition of about } inch in breadth,
they unite themselves into a bundle,
which pierces the rind, and forms the
bud that encloses the germ of a future
generation.  The buds always grow
alternately on the opposite sides of the
joints. The partition formed by the
horizontal vessels separates the joints
internally, and prevents all communica-
tion between them, as far as regards the | ﬁf
peculiar function of each. The semi-
transparent ring which forms a line of
demarcation between the outer and inner
joints is the weakest part of the cape,
and where it is most apt to break. The
space left between the sap-vessels, running from one partition
C
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to another, is filled by cells, which form the symmetrical dis-
position of the proper vessels.

The rind of the sugar cane consists of three distinct parts:
the rind properly so called, the skin, and the epidermis. The
rind is formed of sap-vessels, ranged in a parallel direction, on
a compact circular surface. The skin, which is very thin, is at
first white and tender ; it becomes green and then yellow, as
the joint approaches maturity, the period of which is shown
by streaks of deep-red. The epidermis is a fine and
transparent pellicle, which covers the skin. It is almost
always white. At the upper part of the inner joint, the
rind divides into two parts. The inner part forms the rind
of the following joint, The sap-vessels of the outer part
are joined by several others from the interior, with which
they rise, supported by a reticulated tissue, and form the
leaf, upon which the skin and epidermis of the rind are con-
tinued.

All but the first radicle three leaves are divided into two
parts by a nodosity ¢, Fig. 1. The lower part of the leaf
is sometimes more than a foot long; it envelopes the upper
joints, folding itself very closely round them. Its inner sur-
face is white, polished, smooth, and shining. Its outer surface
is slightly indented, and bears a great number of very minute
white thorns. The upper part is 4 feet and even more in
length, After rising out of the ground, it gradually recedes
from the cane as it grows. Its greatest width is 2 inches,
tapering to a narrow point. The nodosity ¢ is about 1 inch
broad; the texture of its skin is softer, thicker, and of a
darker colour than the other part of the leaf. On the inside,
it has a very thin membranous fold, tightly clasping the
body of the cane. A channel for the rain is formed conjointly
by the upper part of the leaf and this fold, which latter is, at
the same time, a barrier against extraneous bodies, and pro-
tects the young joints, during their development; from the
attacks of insects, which might otherwise destroy them. The
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leaves are placed alternately on the joints, and expand at top
in a kind of fan.

The radicle knots can casily be perceived and examined on
their first development, especially upon buds developed on the
upper part of the cane. If the head of one be cut off, as at 2

Fig. 4, its bud 4, then receiving the juices which would have
continued to nourish the head, is sometimes sufficiently deve-
loped to throw out 20 joints. After having removed the

radicle leaves, the first cane-joint is generally discovered
C 2
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under that of the fifth knot—known by the appcarance of the
bud; if it be without this, it must be reckoned a radicle
knot, then the following joint will have the bud; but if that,
too, be without, which very rarely happens, the bud will
certainly be found on the next or seventh knot. It is from
the centre of the last radicle knot that the germ of the first
cane-joint springs. This germ encloses the vital principle of
the cane, and of the generation of the joints. The first, in
forming itself, becomes the matrix of the second, the second
of the third, and so on, in succession. There is always a
degree of difference in the various revolutions of each joint,
marked by the time of its generation; so that the joints of
thc cane may be considered as concentric circles, the centre of
which is always occupied by a point, which, expanding into a
circle itself, is replaced by a new point; circles which, rising
successively one upon the other, enlarge, and arrive in a
given time at their greatest diameter.

Under very favourable circumstances for vegetation, it
often happens that immediately after the first development of
thc cane-joints which form the secondary stole, the bud of the
first of these joints throws out its radicle roots, and forms a_
second filiation on thc first, as at ¢, Fig. 4; the bud of the first
cane-joint of this second filiation also sometimes developes,
and forms a third &; the second and third soon become very
nearly as forward as the first, and, like it, form canes.

The first joint of the sugar-cane requires from 4 to 5 months
for its entire growth, and, during this time, some 135 to 20
joints spring from it in succession ; the same progression con-
tinues as, by degrees, each joint arrives at the period of its
growth, which is ascertained by the decay of its leaf: this is
the period of its maturation. When the leaves of the first 2
or 3 joints which appear out of the earth have died away,
there are then about 12 or 15 leaves at top, disposed in
the form of a fan. In its natural state, the cane has at this
stage acquired all its growth, and arrived at the usual period



SUGAR.] Range ; Climate. 21

of its flowering ; if it blooms, the principle of life and genera-
tion passes entirely to the development of the parts of fructi-
fication. At this time, the joints which spring forth are
deprived of their bud, and the sap-vessels, with which they
were supplied, pass into the leaf; whence it happens that, as
the number of these vessels is constantly diminishing, the
joints in a similar proportion become longer, and their rind
thinner. The last joint, which is called the “ arrow,” is 4 or
5 feet long; it is terminated by a panicle of sterile flowers,
which are 18 or 20 inches high, If the period. of flowering is
delayed by cultivation, then the principle of life passes to the
generation of new joints, and this continues till the sap-vessels
of the stole become woody, and do not afford a passage to the
watery juices. Under cultivation, usually very few of the
canes flower at all ; exceptions occur on some soils when the
canes are planted early, and their vigorous growth is suddenly
checked.

Range.—The sugar-cane has a wide range, succeeding in
almost all tropical and sub-tropical countries, and reaching an
clevation above sea-level amounting to 4000 feet in the South
Pacific, and 5000 to 6000 feet in Mexico and South America.
It is cultivated in many parts of the level country in India and
China as far as 30° or 31° N lat. Its exact geographical
range may be more conveniently studied from the chapter
dealing with the production, commerce, and local details of
each country growing sugar.

Climate—Climate has a very pronounced effect upon
the commercial value of all plants whose secretion-products
are sought to be availed of, and the sugar-cane forms no
exception. This latter plant thrives to the greatest perfection
in a warm moist climate, with moderate intervals of hot dry
weather, tempered by refreshing sea-breezes. Its most luxu-
riant development is always to be observed on islands and
sea-coasts, leading to the supposition that the saline particles
conveyed to it by the winds are congenial to its taste; but
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perhaps a more weighty reason for the exuberance of the
plant in such situations is to be found in the moisture which
accompanies the sea-breezes, even in the hottest and driest
weather. The cane attains its greatest perfection within the
tropics ; cold in any degree opposes its growth and develop-
ment, hence it cannot be successfully cultivated in Europe,
except in a very prescribed district of Spain. Even in
Louisiana, the frost often sets in before the planters can
gather the crop, and so affects the cane-juice that it can no
longer be induced to crystallize, unless the canes can be
cut and manufactured before a thaw occurs.

This singular change in the nature of the juice is occa-
sioned by the fluid contents; the saccharine and the nitro-
genized principles, of the various cells or organs bursting their
bounds, and becoming intermingled the one with the other.
While the frost continues, the low temperature prevents the pos-
sibility of fermentation setting in; but should a thaw intervene,
the temperature of the air is raised sufficiently high to permit
viscous fermentation taking place, which will altogethe: pre-
vent the crystallization of the juice if subsequently concen-
trated. If the thaw or period of comparatively warm weather
has sufficient duration, this viscous fermentation continues
until all the sugar contained in the juice is inverted, and
the commingled fluids have resolved themselves into a viscid
mucilaginous matter, possessing neither sweetness nor acidity.
This will occur to the juice of the yet uncut cane; but it also
happens to expressed juice under other circumstarices. Juice
which has become affected in this manner cannot be made into
crystallizable sugar, and is valuable only for distillation to
produce rum. In the upper districts of India also, frost
frequently does great harm to the cane crops.

It is obvious, therefore, that the sugar-cane is essentially
a tropical plant, requiring the strong light and great heat
which can only be found in the tropics. But these conditions
alone are not sufficient for successful cane-culture. Rain at
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the propei season is equally necessary, though it may be to a
great extent replaced by a proper system of irrigation ; on the
other hand, rain at the wrong season, i. e. when the canes are
maturing, if in great quantity, may do much mischief. As
the canes are approaching maturity, 2 or 3 months of hot
and fairly dry weather are exceedingly beneficial, bringing
the juice to the highest degree of sweetness, and assuring a
large yield of fine sugar ; slight showersat long intervals serve
to maintain the vigour of the plant without appreciably weak-
ening the juice. In the case of renewed vegetation being
caused by rains after a drought, if it occur in a locality where
frost is not to be feared, it will sometimes be advantageous to
leave the canes on the ground much later than usual, as the
juice will gradually become much richer than it can be
immediately after the rain.

On the other hand, should an alternation of sunshine and
rain, which for the space of 5 or 6 months has induced a
luxuriant vegetation, be followed by a long-continued drought,
the growth of the plants and ratoons will be prematurely
checked, and they will often, under these circumstances, show
a disposition to arrow. Should they now be cuf, the juice will
probably be found of good quality, and easily made into sugar,
the only attendant evil being its deficiency in quantity, owing
to the small size which the canes have attained. In such
cases, it might be thought advisable to cut the canes, rather
than permit them to remain on the soil ; but such a course is
often impracticable, for the estate is not yet prepared for it,
and even if it were, the planter. would not be justified in
thus running the great risk of ‘a2 change in the weather at a
season when long experience has taught him to expect it, and
thereby jeopardize the whole year’s labour, for with a return of
rain, vegetation would immediately revive, and then the evil
of having juice poor in sacchariiie matter would be added to
that of unusually small canes.

When a drought sets in only a short time before the season
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for commencing to reap the crop, that is, after the canes have
attained their ordinary growth, the effect is eminently bene-
ficial, for it really causes an inspissation of the saccharine con-
tents of the cells by the evaporation of their water. Cane-
juice under such circumstances has a considerable density, and
is often of great purity. But if the drought, at whatever age
of the cane it may have commenced, should continue beyond
the time necessary to produce the effects just mentioned, the
leaves of the plant turn yellow, the stem assumes a red and
scorched appearance, and not unfrequently splits, or becomes
hollow from a contraction of its cellular structure. The canes
then are said to be “burnt” The juice then obtained is
greatly reduced in quantity, and its quality is considerably
altered. In extreme cases, it is strongly acid, but it varies
much in this respect, Frost will likewise cause canes to
burst.

Soil.—The question of the suitability or unsuitability of
a soil for producing’ a certain crop resolves itself into two dis-
tinct heads, one being the physical character of the soil, the
other its chemical composition. The latter is best considered
under the subject of manures, leaving the former only for dis-
cussion at the present moment. It is not too much to say
that the first essential in a fertile soil is the capacity for
absorbing abundance of air ; at the same time, the friability or
porosity of the soil must not be so excessive that no moisture
is retained. Clay soils are objectionable from the former
cause ; sandy ones, from the latter. The decomposed granite
formation so general in the Straits Settlements is always
found to afford really desirable land for sugar culture, being
well fertilized by a propertion of decayed vegetable matter.
In both East and West Indies, there abounds a kind of soil
called “brick-mould,” which is considered the most advan-
tageous of all for sugar-planting, It is composed of a mixture
of sand and clay, in such proportions that air and water can
penetrate to some depth with facility, thus constituting a marl
which can be hoed, dug, or ploughed with comparative ecase.
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Much depends upon the character of the clay present, and
upon the amount of vegetable matter undergoing decay. A
great deal of this “brick-mould ” soil is in the best possible
physical condition for agricultural purposes. Its property of
retaining moisture, even in the hottest season, is quite remark-
able, while in heavy rains, the water escapes quickly wherever
drains exist ; thus the soil is always moist without ever being
wet. These qualities, added to the ease with which it can be
broken up, and its constant power of recuperation from the
air, render it esteemed and sought after before all others. But
many an acre of rich heavy clay might be converted into
equally valuable land by the application of sand : if sea-sand,
so much the better. Deep black moulds are less suitable for
cane culture, tending to produce exuberant plants, rather than
a rich and plentiful juice. Some of the very best sugar is
produced on limestone soils, though they do not promise
great fertility.

In the Straits Settlements, Demerara, Louisiana, and other
places, it often occurs that lands are strongly impregnated
with saline matter, which causes the cane to grow most luxu-
riantly, but affects the juice (and consequently the sugar made
from it) very prejudicially. In Province Wellesley, quite salt
sugar has been produced in the first year from such land; and
the soil of the Sunderbunds proved to be so very salt, that the
sugar estates had to be abandoned. In Demerars, also, infinite
trouble and loss result from the same cause. Dr. Ure quotes
an analysis of a sample of cane-juice from New Orleans, show-
ing the following remarkable composition; in 10 English
gallons, of 231 cubic inches each, of juice, marking 81° Baumé,
there were 53 ounces of salts, consisting of—

Sulphate of Potash .. .. .. 17°840 grammes (= 15°44 grains each).
Phosphate of Potash .. .. 16°028 ’s ' i
Chloride of Potassium .. .. 8°335 » .
Acetate of Potash .. .. .. 637750 .
Acetate of Lime .. .. .. 36°cIo - B
Gelatinous Silica .. .. .. 157270 - '

157°253 (= §° 57 ounces avoirdupois).
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To the large proportion of deliquescent saline matter (of
which one-half, he says, remains in the sugar), the analyst
very properly ascribes the deliquescence and deterioration of
the sugar, when kept for some time, or transported.

Where salt is present in the land, as from the overflowing
of the tides, nothing can be done but making “bunds”
to keep out the salt water, and establishing a good system of
drainage. By these means, and by keeping the soil well
turned up, the excess of saline matter will in a crop or two be
carried off by the rains; also, in part, by the quantity taken
away in the cane or other crop grown on the land: Of course,
this will only be the case where the soil is not of so sandy and
potrous a nature as to admit of the salt or saltish water soaking
up through it during spring tides. When once the cane has
tmbibed these undesirable salts, they become incorporated,in
its juice, and cause endless trouble and expense to get rid of
them. The only course to be pursued with such land is,
after bunding and draining it properly, to plant Indian corn,
Guinea corn, or Guinea grass on it for 2 or 3 years, until
the saline matters have become in a degree exhausted ; then
canes may be planted without fear,

The remedies for the physical defects of soils are thorough
tillage and perfect drainage, without which, heavy crops are
an impossibility.

Manuring.—Most intimately connected with the subject
of soils is that of manures or fertilizers, the whole object of
manuring being to supply to the plant those chemical con-
stituents which the soil is deficient in. The sugar-grower
must never lose sight of the object for which he is growing the
plant, and his efforts must be difected to the production, not
of the tallest and stoutest canes, but of the greatest possible
quantity of crystallizable sugar. Extended experiments on
this branch of the cane-sugar industry have yét to be made H
but in the beet-sugar culture, as will be described further on,
prolonged trials have proved that it is by no means the finest
roots which yield the most sugar.
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Composition of the Canes.—To proceed logically, before
commencing to discuss what cane-manures should consist of,
it will be necessary to consider the composition of the canes
which are to be grown, and the composition of the soils which
are to grow them ; having thus established what the require-
ments are, the next question will be the best and most profit-
able mode of supplying the deficiency. In this connection,
the name of Dr. T. L. Phipson, of Putney, must be well-
known to all sugar-planters, from his invaluable pamphlet
on the Agricultural Chemistry of the Sugar-cane.

The average composition of -a fully developed sugar-cane
is fairly represented by the following analysis :—

Water .. .. o0 w0 ee ee ae .0 .. 71704
Sugar .. .. . . . we o w .. 1802 | Derived almost
Cellulose .. .0 we o oo oo .0 .. 9°56 wholly from
Albuminous matter .. .. .. .. .. .. 0°55 the air.
Fatty and colouring matters .. .. .. .. 0°35
Salls soluble in water .. .. .. .. .. .. 012 .
X Derived from
,, insoluble ,, .. .. . . .. .. 016 :
b the soil.
Siliea .. .. . . . . & . .. 0°20
100°00

Therefore 1000 tons of cane take up from the soil rather
less than 5 tons of mineral ingredients, and if the soil cannot
supply these 5 tons in a form capable of being assimi-
lated, a full crop of sugar cannot be raised. About I ton
of nitrogen is required to form the albuminous matter
of 1000 tons of cane. Manures deal only with the matters
supplied through the soil, except in supplementing the’
amount of nitrogen thus provided. The nature and relative
proportions of these mineral ingredients, which are derived
from the soil, are ascertained by analysis of the “ash” (the
residue left after completely burning) of the full-grown entire
cane. Much discrepancy exists in the various analyses of
cane ash that have hitherto been made, the cause of which
has been proved to lie partly in the different ages of the
plants dealt with, and is perhaps due, in some cases, to
variety of soil, and to omitting the leaves of the cane from
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consideration. Dr. Phipson gives the following as the rough
average composition of the ash of the ripe cane and its
leaves :—

Silicar B.. o B & ew .- 430
Phosphoricacid .. .. .. .. . .. o .. 6°0
Sulphuricacid .. ,. .. .. .. o .o .. 80 .
Chlorine 4's
Lime .. .. .. . 10°0
Magnesia ., 65
Potash .. = B TR 18'0
Seday & g £ @ & e N A, & B 2'0
Oxide of iron, manganese, and loss in analysis .. .. 2'0
100°0

It may be well to compare the subjoined analyses of the
ashes of 12 different specimens, by Dr. Stenhouse :—

Dem- | Gre-

Trinidad. Berbice. \erara. nailas Jamaica.
1 2 ’ 3 4 | s 6 7 8 10 l 11 12
9

Silica .. o. [45°97|42°901 46°46 | 41737 |46°48 | 50°00 ‘45‘13‘17'64 26°38 | 52720 48°73 | 54°59
Phosphoric acid | 3°76| 7°99 8°23| 4°59| 8*16| 6°56| 4°88| 7°37| 6°20|13°04| 2°90| 8°0c0
Sulphuric acid 6°66|10°94  4°65(10°93| 7°52| 6°40| 7°74| 797 6°08{ 3°31 | 5350 1°94
Lime .. .. 9'16|13°20 8'9r!{ g 11} 5°78| 5°09| 4°40| 2°34] 5°87|10°64|11°62|14°36
Magnesia 3°66] 988 4°'5o| 6°9zl15°6r|r3°01!11'g0| 3793 | 5°48| 5°63| s5°61] 5°30
Potash .. .. | 25750 | [2*01 10°63 | 15°99 | 12°93113°69 16'97|32'93 | 31°21 ' 10709 7°46|x1°14

Soda .. B od 1°39| . o 0°57] 1°33, 1°64| .. S o°8o| .. od

hlorid 5 0 1 o 0 . .
Cpg:a‘ls:ium 0} 3°27] ‘ 7°41| 896 .. 0d «« |10°70 ‘u 14| e ‘16 o6} 0°84

lori f 3 0 0 5 p 0 g g . .
C};(;)drllglen 0 }I S B 62' 9'21| 2°13) 3795 392 7°25|17°20| 7°64| 4 191 227 3°83

.

The first seven were all fine canes with the leaves; No. 8
had no leaves; No. 9, but few leaves; No. 10 was in full
blossom, and had been manured with pen manure; No. 11
were old ratoons, manured in the same way; No. 12 were
young Mont Blanc canes, manured with pen manure, guano,
and marl.

By comparing these elements together, it will be seen that
the largest figures are those of silica, potash, lime, and
phosphoric acid; but sulphuric acid and magnesia appear to
have their importance also, whilst chlorine and soda, though
represented by comparatively small figures, are usually present
as chlorides of potassium and of sodium to the extent of 4 or
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5 per cent. The principal substances, therefore, required to
be provided in an available state in a cane soil are potash,
silica, phosphoric acid, sulphuric acid, lime, and magnesia,
besides a certain amount of nitrogen beyond what the plant
cart secure. from the atmosphere. The oxides of iron and of
manganese are, perhaps, also essential.

The relative importance of each substance in particular is
a difficult problem to solve. Experience shows that the
composition of the ash of any plant varies considerably with
the period of the year at which the plant is cut, and the parts
of the plant that are burnt for analysis ; so that it is by no
means an easy task to state with scientific accuracy what
substances any plant takes in largest quantities from the soil.
But it is a fact of the greatest interest that, for a given plant,
the mineral ingredients derived from the soil are constantly
found in the same relative proportions; and this law holds
good for the various portions of a plant, when considered in a
state of maturity, i.e, when cach portion has done all the
work ,allotted to it. Dr. Phipson is undoubtedly right in
saying that the analyses of the mineral ingredients of plants
burnt after thiey have arrived at maturity, no matter where
they have been grown, must generally coincide, and can alone
teach with accuracy what any plant takes from the soil. He
found that the analysis of the ash of some Virginian tobacco
grown in the Royal Botanical Society’s Gardens in London
presented precisely the same composition as that grown in
America; so that neither change of soil nor of climate had.
influenced the relative proportions of mineral matter and
organic matter, nor those of the principal ingredients: the
plant had taken from the soil of London the same materials,
and in the same relative proportions, as from the soil of
Virginia. But it must not be forgotten that the sugar-cane
possesses a power of absorbing an abnormal qua.n‘tity of salts
when such are presented to it in the soil, a quantity far in
excess of its needs, and to the detriment of its juice. This
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has been already referred to under Soil (p. 25), and is illus-
trated in Nos. 3, 7, 8,9, and 11 of Dr. Stenhouse’s samples
(p- 28).

Composition of Cane Soils.—The next question is the
composition of cane soils. In illustration of this, reference
may again be best made to Dr. Phipson’s analyses of two
West Indian soils, one (A), from a new estate in Jamaica
now under canes for the first time; the other (B), from a
plantation in Demerara which has been worked for more than
15 years consecutively. A valuable lesson is to be learnt
from these analyses alone, but some others are given further
on. To the eye of the most experienced planter or chemist,
there was scarcely any appreciable difference in the aspect of
these two soils ; the sample A was merely a clay of rather
darker colour than B, but nothing in their external appear-
ance could have indicated their widely-different com-

position :—
TyPES oF CANE SoOILS.

A, B.
Moisture .. o MmO OB s 12°25 1872
Organic matter and combined water .. .. .. .. 15'36 603
Silica and insoluble silicates .. .. .. .. .. .. 4845 68°89
Alumina .. .. .. . . .. . . . . 138 2°50
Oxide of iron 672 2°60
Lime .. 0°99 0*08
Magnesia .. 0°29 0°25
Potash 011 (038 {¢]
Soda .. =3 o*70 0*09
Phosphoric acid o'10 0°03
Sulphuric acid .. .« .« . 030 0°03
Ghilorine® M. 23 =0 B o @ B B o B O trace.
Oxide of manganese, carbonic acid, and loss in analysis ~ 0°42 0°68

100°00 100°00

Nitrogen (in organic matter) .. .. .. .. .. .. 0°31 0°05
Persons accustomed to discuss analyses of soils can easily
see that A possesses everything that is requisite to grow
canes for a considerable number of years, whilst B is a soil

* The quantity of <hlorine is unusually high, which is accounted for by the
proximity of a salt spring.
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fast approaching exhaustion. Dr. Phipson calls attention to
the greater amount of organic watter (humus), nitrogen, lime,
and phosphotic dcid in A, and to the important fact that the
quantity of lime (0°08) in B is far below that of the magnesia
(0°25). This he has ascertained to be a very bad sign in cane
solls, and it will probably be found to be so in soils devoted
to the cultivation of almost any other plant. Indeed, he
deduces from the results of a numerous series of analyses
carried on in his laboratory for some years past, that the
degree of exhaustion which a cane soil has undergone can to
a great extent be ascertained by comparing the relative
amounts of lime and magnesia yielded to analysis. In
support of this, he gives analyses of four samples from the
same estate in British Guiana, taken from various portions i—

CULTIVATED
-~
10 to I§ years. Upwards of 6o years.
Lime (per cent.) .. .. 0°44 c 64 o°'II 0°40
Magnesia .. .. .. 0°32 0°'50 0°36 05t

These suffice to show how the lime has disappeared (from the
same soil) by prolonged cultivation of the cane, whilst the
magnesia has remained pretty much as it was. In fact, it is
quite possible in some cases to judge very approximately of
the number of years a soil has been under canes, by a careful
analysis of the soil, more especially when the analysis can be
compared with one made of the same soil from some uncul-
tivated spot on the borders of the plantation,

Dr. Phipson states as an axiom in cane culture that when
the quantity of lime has diminished so much by prolonged
culture as to be present to the extent of only 01 per cent,,
and then amounts to no more than § of the magnesia
present (knowing that originally the lime was not only equal
to, but higher than, the magnesia), we may rest assured that
the crops of cane on this scil will fall off year by year, and
that the most careful system of manuring will be necessary to
place it again in its former lucrative condition.
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This is a state of things which actually exists over a very
considerable portion of the cane soils of our colonies. The
annexed table (p. 32) of the composition of soils from numerous
plantations, analyzed by Dr. Phipson, is very interesting.

R. H. Harland has recently published an analysis of a
soil from the Camarines Sur district of Luzon, in the Philip-
pines, where the cane grows luxuriantly often to a height of
12 feet, one stool producing 4 or § canes, and giving sugar
of superior quality. This soil is extremely fertile, as shown
by its composition :-

Silicious matter .. .. .. .. .. .. .. 53°39 per cent.
Alumina .. .. .. .. . . . . 1316,
Oxideofiron .. .. .. .. .. .. .. 48 5
Oxide of manganese P « 1 (s} '
Oxide of magnesia b @ o M s Tot42 "
Potash and soda as cnlorides .. .. .. .. 1'14 ,,
Lime .. .. .« .« . . o .0 1'60 5
Sulphuricacid .. .. .. .. .. .. .. 009 -
Phosphoric acid .. .. .. .. .. .. . 025
Carbonic acid .. .. .. .. .. .. .. traces,
Organic and volatile'matters .. .. .. .. 2505
10000

Moisture in sample before drying .. .. .. 679

This does not materially differ from Dr, Phipson’s sample
A, except that the essential ingredients are present in still
greater quantity ; hence the wonderful fertility of the district,
where canes are grown for years in succession without
manuring.

“That soils in hot countries, especially in tropical climates,
contain more organic matter than those of our latitudes is a
common supposition ; but it is evident from the analyses that
such is not the case with cane soils. The figures which include
organic matter and combined water owe a great deal to the
latter, which is driven off by heat with the organic matter.
In fact, putting aside soils of a peaty nature, it is rare to meet
with cane soils yielding more than from 2 to 4 per cent. of
humus or vegetable mould. The loss of this organic matter
has produced sterility in Java, by causing a want of porosity,

D
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of nitrogen, and of carbonic acid. Hence the. danger of
applying lime to these soils, much as most of them require it,
since it tends to destroy the humus in a very short time. In
European climates, lime is always backed up by a liberal
supply of organic manure; and this latter is even more
essential in the tropics than with us.

Manures Obtained from Foreign Sources-—The clays of
Java and Demerara, when properly drained and worked, will
yield good crops of canes without'manure for at least 10 or 12
years. In Jamaica, the same kind of clay will yield well for
about 15 years; and the red porous clay of South Australia,
for 15 to 20 years. After these periods, the yields will become
less and less each seasori ; and for some years past, it has
been customary to.dose the soils with sulphate of ammonia
and guanos, which will usually raise the produce for the two or
three seasons immediately following, but after this, their
stimulating effect will cease almost completely, and the soil
will be then in a worse condition than before. Generally, it is
preferable to try and restore these partially-exhausted soils by
a rational system of culture, rather than take in new land
farther from the boiling-houses.

The only manures fit to be used on a soil which has got into
this partially-exhausted state are good stable manure, well--
fermented farmyard dung, of manure made from night-soll.
These manures are natural products, and not only contain all
that the plant requires, but in the proper state for assimilation.
Superphosphates, though valuable for root crops, have little
beneficial effect upon graminaceous plants (including the sugar-
cane and the cereals) ; and though excellent special manures
have been compounded by some manufacturers, nothing can
surpass or equal dung and night-soil. But farmyard dung
possesses one great drawback in containing such a very large
proportion of water (60 to 80 per cent. of its weight) that it can
only be used on the spot where it is produced, carriage to any
distance being out of the question. On the other hand, a
product is now prepared from night-soil and urine which well
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compares, in composition and eminent fertilizing qualities, with
concentrated farmyard manure. It is got by evaporatingf' the
excreta of large towns as nearly as possible to the dry state,
and forms the most perfect manure actually known——th’é_it,
indeed, which Nature evidently intended for our use. As it
contains only 12 to 16 per cent. of water, its transportation to
considerable distances can be effected as easily and cheaply as
with guano. Analysis shows it to contain all the ingredients
of rich farmyard manure in a concentrated state, and in the
same assimilable form. Works have been erected at Blox-
wich and Churchbridge, in Staffordshire, by the Urban
Manure Company, to prepare this valuable article, ‘whose
effects upon the cane soils of Barbados, Demerara, and
Mauritius are reported to be excellent.

I'n 1871, some hundreds of tons were experimentally mixed
with bone meal and precipitated phosphate for the soils in
British Guiana, which had been found wanting in lime and
somewhat deficient in phosphoric acid ; they produced most
satisfactory results. Dr. Phipson gives three analyses of some
large bulks of this kind that were shipped to Demerara (No. 1),
and to different estates in the West Indian islands (Nos. 2, 3),
placing by the side of them an average analysis of good farm-
yard manure for comparison :—

Urban Cane Manure. Eﬁ’::‘i’::?
‘ No. 1. No. 2. No. a. No. 4.
Water .. .. .. . . 10°50 | 12'I4 | 12°00 | 66'17
Organic matter, &c. .. .. | 3I'lIo| 40'00 | 2660 | 28'24
Phosphoric acid .. .. .. 870 | 10°41 11'61 027
Sulphuric acid .. .. .. 1176 8:89 9'80 0°II
Chlorine .. .. .. .. .. | 1°'50 1°20 2740 trace
Lime .. .. .. . .. | 18086 | 1421} 17°%9 218
Magnesia o S P o o'8o 1'14 | 2.50 0'I0
Potash} 6 221 2'09 060
Soda Vo E B {I'IOi I'70 0°'07
Oxide of manganese . loes .. | o030 o
Oxide of iron and alumina .. 2'19 2°25% i 4°00 0'20
Soluble silica .. e I'00 | 0'45 0'44 0°'94
Sand, &e. 800 6°00 l g°0b 1'12
i
| 100° 00 E 100°00 | 100°'00 | 100'00
Nitrogen, equal to ammonia ! 283 E 3 | 2°40 087
!

D 2
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’

These are ultimate analyses of three cargoes prepared
especially for certain estates. The immediate analyses show
this product to contain all the ingredients found in well-made
farmyard manure ; and if the latter were deprived of its abun-
dant moisture, the composition of the two would present
great similarity. Such is the fertilizer particularly recom-
mended for long-worked cane soils.

Dr. Phipson considers that the best method of using the
acid superphosphate manures would be to mix them inti-
mately with one-quarter their weight of good Peruvian guano,
and one-quarter their weight of cane ash, and apply the
mixture at the rate of § to 8 cwt. per acre, according to the
mechanical condition of the soil, and its more or less effective
drainage. The mixture of sulphate of ammonia, chloride of
potassium, and superphosphate, recommended formerly by
Dr. Anderson, besides being very expensive, is too soluble
and too acid for the Demerara clays ; neither does it supply
any humus or organic matter, in which so many of these
soils are very deficient. Nevertheless, Dr. Phipson thinks it
quite equal to Professor Ville’s very expensive chemical
manure, which is merely a similar mixture of mineral salts,
and certainly not calculated to have much effect on sugar-
cane crops, whatever results it may have upon the highly-
cultivated beetroot soils in Europe. In British Guiana, such
mixtures of nitrates, sulphates, and chlorides, are washed out
of reach of the cane reots by a single tropical shower ; and in
dry weather, it is not certain that they would be absorbed.
A better mixture for most Demerara soils would consist of
Peruvian guano, cane ash (or burnt begass), and stable
manure or compost heap, to which mixture, one-quarter its
weight of gypsum might be added. This last ingredient
supplies lime, which has already (p. 31) been alluded to as of
primary importance. Lime is equally well supplied by chalk,
unburnt limestone, or broken sea-shells; it should never be
applied in the caustic or burnt state.
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Sulphate of ammonia, applied by itself in large quantities,
acts as a poison to plants ; in smaller doses, its action is that
of a powerful stimulant. Much the same remarks apply to
nitrate of soda. The plant receives a momentary stimulus,
only to suffer the greater relapse in a short time afterwards.
Moreover these nitrogenous manures do great harm in
another way, by increasing the albuminous matters in the
cane-juice, to the double detriment of the sugar, first by
reducing the amount of sugar in the plant, and next by
destroying a portion of the sugar in the already-extracted
juice during the process of manufacture. The elucidation of
this action of nitrogenous matters in the juice will receive
attention in another place ; it must suffice here to state the
fact.

Manures Produced on the Estate—So much for the
manures which are derived from foreign sources: now for
those which are produced on the sugar estate itself. The one
object of the planter is to obtain the sugar from the cane.
The cultivation of the plant is merely the end by which this
object is attained ; it is necessary to feed the plant in order
that it may live long enough to secrete a highly saccharine
juice ; this done, the whole plant (excepting the small propor-
tion of sugar yielded by it) becomes a waste product. To go
a step farther, this sugar is not derived from the soil at all,
but from the air. Consequently if the whole of the waste
products are returned to the fields as manure, the soil, with
the aid of proper tillage, should theoretically increase in rich-
ness, and produce heavier crops every year. The waste pro-
duced on a sugar estate consists of the following materials :—
(1) The “trash,” or dead leaves which are stripped from the
canes during growth, as well as the “tops” which are not
used for planting; (2) the “begass,” or crushed cane from
which the juice has been {more or less perfectly) extracted ;
(3) the “feculencies” collected in the clarifiers, &c.; (4) the
“dunder,” or wash-waters, containing salts in solution and
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other matters. To these must be added the night-soil and
dung necessarily accumulated on an estate employing many
men and cattle.

First, with regard to the “trash.” Wray goes so far as to
say that he feels quite convinced that if all the trash and
begass were ploughed into the soil while yet in a fresh
condition, the cane would require no further manuring. This
is rather overstating the fact, but the advantage of such a
proceeding is undoubtedly very great. The leaves should be
hoed in as fast as the trashing proceeds ; the operation is
described on a subsequent page. This, however, could not be
done in localities frequented by the white ant, as the ferment-
ing mass of vegetable matter in the soil would immediately
form a nest for that destructive insect. In such cases, the
vegetable matter must first be fermented in tanks under
sufficient moisture to repel the ants, and may then be
ploughed or trenched in between the rows of canes. The
same applies pretty miich to the cane-tops which are not
required for planting new ground.

Touching the begass, Wray recommends it to be carried
back to the fields by the same carts which bring in the canes,
and would have it immediately ploughed or trenched into the
soil. In practice, this is very rarely done, despite the volumes
that have been written in support of the plan. The reason
for this apparent anomaly is sufficiently simple. The sugar
factory consumes a very large quantity of fuel, and fuel in the
shape of coal or wood is usually very dear and scarce in sugar-
growing districts. Hence has arisen the generally-accepted
custom of using the begass for fuel, and returning only the
ashes (which it leaves behind when burned) to the soil. In
this way, a portion of the salts is certainly conveyed back to
the soil, but the act of burning has reduced them to an in-
soluble condition, and their value is thereby greatly diminished.
An advantage in burning is the destruction of insect larve,
and it has sometimes to be resorted to on that account ; but it
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must always be at the expense of the manurial value of the
material burnt.

This question of returning the begass to the soil just as it
comes fresh from the mill cannot be decided off-hand, as it
will depend upon circumstances. These circumstances are
that the estate requires both manure and fuel, that the fresh
begass will afford either one or the other (but not both), and
consequently that the one which is not so supplied must be
derived from other sources. The point that then arises for
the planter to settle is, which of the two materials (manure
and fuel) can be best procured by exterior means. The con-
ditions of each estate will determine the best course to pursue.
In any case, the canes must be brought to the mill, and their
bulk implies the expenditure of considerable labour in carrying
them back to the fields, just at a moment, too, when all hands
are fully employed. Viewing the improvements which have
lately been made in the preparation of cane manures, and the
highly-concentrated form in which they are now supplied,
there is little likelihood of planters departing from the old
way ; and should success attend the newly-invented Marie
furnace for burning undried begass (described on a later
page), there will be still greater inducement to adhere to the
current custom. This being so, only the ash of the begass can
be counted on as manure. This will amount tc about § cwt.
from each 100 tons of cane crushed and burned, and its
manurial value will not exceed 8s. per cwt. It should be pre-
served with the other waste under a shed out of the rain till
used. There will probably be an additional 5 cwt. of ash
from other sousces (trash, wood, &c.), worth about 6s. per
cwt.

Next, the feculencies from the clarifiers, and the skimmings,
say together equal to 6 tons (from the 100 tons of cane),
should be pressed as soon as collected, and would yield 3 tons
of juice and 3 tons of cake ; this cake, rich in nitrogen, should
be dried, with or without previous fermentation, and would
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yield half a ton of dry nitrogenous manure, worth 3/ The
sediment of fermenting-vats, also containing some nitrogen,
would weigh say 4 cwt. when dry, and would be worth 10s.

Lastly, the “dunder.” This, to the extent of two-thirds,
being used over and over again daily in making up the wash,
would leave one-third to be dealt with as manure. This
third would amount to 800 gallons or 4 tons (from the
100 tons of cane). Whether it would be better to take it on
to the fields in its liquid state, or first to dry it completely or
partially, remains to be ascertained. It would dry to about
half a ton, and would contain half of the mineral matter of
the crop and some nitrogen (as ammonia), and would be woith
about 3/ Sooner or later, legislation will step in to prevent
the contamination of streams by the present common system
of running this liquor. into a pond or the nearest brook.
Efforts should be made to utilize it for irrigating purposes, or
its suspended and dissolved impurities should be precipitated
and recovered before it makes its escape to the river.

Green-soiling, Rotation, Fallows, and Tillage.—There
remain to be described the various other methods which
agriculturists have adopted for maintaining the fertility of
the soil.

“ Green-soiling ” consists in planting beans, peas, lucerne,
indigo, or other plants, between the cane-rows (when canes are
first planted), and ploughing them into the soil whilst they are
green and succulent ; this has a powerful effect in fertilizing
land, and when performed by agricultural implements, may,
even where labour is costly and scarce, be practised without
any great expense. Indigo is a very valuable plant for such
a purpose as this, and may be planted by a drill (in regular
lines), just at the commencement of the rains, and, in 2
months after, be uprooted, laid along near the roots of the
young canes, and moulded over. The only part of these
operations necessary to be performed by hand labour is the
uprooting and placing the plants evenly along the cane rows,
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so that the plough following may cover them over completely
and neatly. If the indigo plants are cut to within a few inches
of the ground, when they have attained a good height and
show a fair bush, instead of being rooted up, they will again
spring forth remarkably soon, and furnish another fine bushy
plant before the end of the rains; this may then be rooted
up and moulded over as the first. This latter plan presents
the advantage of two crops being afforded to the soil instead
of one, at the cost only of the cutting, which, when the
labourers have sharp sickles, is very quickly and neatly per-
formed, and cannot entail any great expense. The indigo
plant so applied furnishes a very rich manure for the cane, for
which object it is generally appropriated by the natives of
India, although not until the colouring matter, forming the
indigo of commerce, has been extracted, and the plant be-
comes partly decomposed. In the Straits, the Chinese who
cultivate indigo first extract the colouring matter from the
plants, then take them at once, all dripping with moisture
from the vats, to the cane patches, where they lay them care-
fully along the roots of the canes, and then mould over them.
Wray states that he has seen Chinese in this manner produce
excellent canes, from land so sandy and otherwise unfertile
that no European planter would think of growing canes on it.
Thus it is in Province Wellesley that, wherever a Chinaman
cultivates indigo, he always grows a patch of canes also.

It may be well to mention that indigo must be planted
either at the commencement of the rains, or be frequently and
plentifully watered at other seasons; hence, wherever the
means of irrigation are available, this green-soiling may be
practised all the year round. Wray considers it a very cheap
and ready means of keeping up the fertility of cane soils ; and
says it is more especially deserving of the planter’s considera-
tion in cases where the begass (from whatever cause) is used
for fuel instead of being returned to the soil. Indigo, to
grow luxuriantly, requires a generous soil, consequently will
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only answer expectations where so planted ; after the land has
been manured, it will spring up vigorously and luxuriantly.

A great variety of plants may be used in the same
manner as indigo ; but it is very essential to remark that the
greatest good can only result from ploughing in the plants
whilst quite green and succulent, and that the best time for
performing the operation is just before they begin to blossom.
In Demerara, the castor-oil plant (Ricinus communis)is highly
esteetned for green-soiling ; and the same may be said of the
pigeon-pea (Cajanus indicus) in the West Indies and Australia,

Rotation of crops as a means of refreshing the soil has long
been known and applied in European agriculture, where expe-
riment was forced upon the farmers at an earlier date by reason
of the inferior fertility of their land. In the rich soils of our
tropical colonies, exhaustion was longer in making its appear-
ance, and hence has arisen that disposition to adhere to a single
class of crop as long as the ground is capable of affording
anything like a remunerative return. Some sugar-planters have
at last appreciated the advantages to be derived from a judicious
rotation, and have benefited much thereby, while their neigh-
bours who persist in extracting a crop of canes from the same
field every year are gradually ruining the land beyond all hope
of recovery within a reasonable time, and are engendering all
kinds of disease in their canes by excessive and ill-advised
manuring. In Mauritius, it is now becoming the general
custom, after the land has borne canes for 2 seasons, to
plant it with maize (Indian corn), arrowroot, manioc (cassava),
or peas, allowing a period of 3 years between the cane crops.

Fallows and tillage may be considered together, as there is
very little good in allowing land to lie fallow (unoccupied by
any crop) without subjecting it to thorough tillage, so as
to open it up, and expose it thoroughly to the action of the
air. The importance of air to the soil has already (p. 2 ),
been insisted on. Green-soiling is probably more beneficial
than merely allowing the land to lie fallow. With regard
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to the implements required in tillage, the time has surely
passed when it was necessary for a work on sugar to contain a
treatise on agricultural apparatus. The voluminous trade
catalogues of such well-known English firms of agricultural
engineers as Ransomes of Ipswich, Fowler of Leeds, Howard
of Bedford, Clayton and Shuttleworth of Lincoln, and many
others, not to mention the equally meritorious American
houses, will convey all the information needed on this head.
The choice of implement must depend upon the nature of the
work to be done, and the power available to do it. Theoreti-
cally at least, there can be no question of the immeasurable
superiority possessed by digging-machines (such as Knight’s
and those made in the United States) over ploughs, when the
breaking-up and thorough airing of the land is the object in
view ; the effect of the former upon the soil is scarcely inferior
to that of hand labour.

Laying-out an Estate—The laying-out of a sugar estate
is a much more complicated affair in Guiana than almost any-
where else, as it generally includes provision for drainage and
irrigation on a far more perfect scale than is common elsewhere.
An account of the operation as conducted in British Guiana
will therefore be most valuable. Here the plantations are on
a uniform plan. They are generally narrow rectangular strips
of land, with a frontage on the coast, a river, or a canal, vary-
ing from 100 to 300 Rheinland rods (the Rheinland ruthe or
rod is about 12} feet). Exceptional cases occur where extra
“fagade ” (water-frontage) has been allowed, giving the estate
more of a square form. Every estate is bounded by four dams :
the front dam excludes the sea, river, or canal ; the back dam,
parallel to the former, excludes the bush-water, which, in heavy
weather, is very considerable, and would inundate the cultiva-
tion. The clay thrown out in forming the adjacent canals or
trenches affords the material of which the dams are formed
Along each of the remaining sides, runs a dam from front to
back. These are usually termed “side lines” They serve
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two contiguous estates, and prevent the influx of water [rom
the sides. Thus the very long rectangular strip of land is
surrounded with dams, which, when kept free from bush,
answer the purpose of a road round the estate; but the pro-
duce is brought to the buildings (often situated in front) by
canals. In fact, water transport of produce is universal. The
arrangement of the navigation system is very simple. From
front to back, through the centre of the estate, there runs a
dam called the middle walk, with a canal on each side of it
These are termed central canals, and are wide enough to admit
of two punts passing eachother. The dam forms a path for
the cattle that draw the punts. At regular and compara-
tively short intervals, branch canals strike off at right angles
from the central canals, and proceed to within a rod of the
draining or side-line trenches, which are parallel to the side
dams before described, and adjacent to them. These branch
canals constitute the transverse boundaries of the fields, and
navigation canals thus lie on three sides of every field, and
admit of canes being carried by a short path to the punts.
On some estates, there is only a single central navigation canal

These canals are principally supplied by rain, but in pro-
tracted droughts, and especially when they are shallow, they
are liable to run short of water: hence, whenever access can
be got to creek-, lake-, or bush-water, it is brought from be-
hind to supply the navigation system. In other instances, salt
water has to be taken in from the front, when a cane crop can-
not otherwise be got off the ground. The drainage of the
estate is equally simple. From back to front, and immediately
adjacent to the side-line dams, run the two main draining
trenches, generally dug considerably deeper than the naviga-
tion canals. The small drains, again, cut at distances of 2
to 3 rods apart, commence within a bed of the middle-walk
side of the field, and terminate in the side-line draining
trenches, being dug with a fall in that direction. The small
drains are thus at right angles to the main draining trenches.
In the front dam, the sluices or “kokers ” are placed. Some-
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times there is only one on an estate, but generally two, one at
the end of each draining-trench. The main draining trenches
are generally connected together by a trench running along
behind the front dam.

The different operations and their cost are as follows : —

The area of cane to be grown is assumed at 100 acres, the
land having a water-frontage of 100 rods, and being a good
clay soil, with a certain amount of bush and sand-reef upon
it. The dams are commenced at the beginning of September,
calculating by the end of October to have planted the tops,
and thus have the advantage of the coming wet season for
bringing them on, so that they might be ready for cutting in
November of the following year, when the “arrow” would
be well off, and the canes sweetest. Operations open with
cleaning off the rough grass and weeds on one of the sides
of the 100 acres, say the middle walk side Here a
space of 7 rods outside (or on the savannah side) of the
100 acres is lined out. On the 33-rods of bush land, the
wood is cut by the cord. Having everything cleared off 300
rods X 7 rods, all the grass and rubbish being packed in a
line on the savannah side, so as to form a kind of stop-off to
keep any of the little water remaining in the savannah from
flooding the work, the next consideration will be making up
the dam on the middle walk side. This dam will be 24 feet
wide at the bottom, with a top of 8 feet, a height of § feet,
and a gradual slope on each side of 10 feet, and containing
nearly 1200 cubic feet per rod. TFrom the savannah side,
48 feet are lined out; in the centre, line pins are placed so
as to form two spaces of 24 feet each, the space on the
savannah side being for a trench, 20 feet X § feet x 12 feet,
which will provide the ground to make up the dam. The
other space will be the dam proper. To proceed with this,
the blind trench is commenced with, which must be lined out
5 feet X § feet, exactly in the centre of the intended dam ;
all the dirt coming out of this is packed on the empolder
side, so as not to be in the way of the men digging the trench,
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The bottom of the blind trench, 5 feet below the level of
the savannah, is thoroughly shovel-ploughed, one shovel of
clay lying over the other in perfect rotation.

In commencing to dig the trench 20 feet x 5 feet x 12
feet, the first shovelful of earth must go against the foot of the
dam, great care being taken not to allow any to go into the
blind trench. Having got rid of this, which is mostly roots
mixed with a little clay, the trench can be sunk, all the clay
that can be got being thrown into the blind trench. When
about a foot of clay is in the blind trench, it should be
rammed down tightly, and so on as each fresh foot of clay is
thrown in, until the level of the savannah is réached, after
which, the centre of the dam 5 feet wide is rammed until it
is 5 feet above the savannah. The dam is pared and shaped
off, making it 8 feet wide at top and with a slope of 10 feet on
each side.

The side-line dam will be the same in every way as the
middle walk side one ; but digging the side-line trench will
give some ground to make up part of the dam with, having
cleared off 6 rods wide of grass and roots, in the same way as
on the other side. The side-line trench is lined out 14 feet
at top. From this, a space of 1 rod is left from where the
edge of the side-line will fall, and then the dam is lined out
24 feet wide ; the blind trench is dug of the same dimensions
and in the same manner as on the middle walk side.

From where the space for the dam stops, a trench is lined
out 12feet x 3 feet x 12 feet. Indigging the side-line, all pos-
sible slope is thrown on the dam side, so that when it is finished
there is only 9 feet of bottom ; this is quite sufficient to drain
100 acres, and by having a long slope, the edges of the side
line are not so liable to fall in. The two side-line trenches
afford sufficient ground to make up the dam to 1,200 cubic feet.

The side dams being complete, there is now only the back
dam to finish to take in the new land. The back dam will be
exactly the same as the middle walk dam. The dam-bottom
is lined out 24 feet, then 24 feet more (allowing 4 feet from
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edge of trench to bottom of dam) are taken for the trench,
so as not to dig a cross canal in the first field, No. 1, but
bring out all the canes on the main navigation trench and the
canal between Nos. 1 and 2. Thus the back dam is not
weakened by having a trench dug exactly in front of it; this
plan also to a great extent prevents the dam from leaking, as
when a canal is dug in front of a dam, the first bed of canes
suffer very much from the leakage from the dam, and from the
navigation water swelling up and overflowing the bed. The
trench behind the dam, 20 feet x 5 feet x 12 feet, affords
suffi ient ground to make up the back dam.

In joining the middle walk and side-line dams to the
back dam, the back dam blind trench must be carried
through the whole width of the side-line and middle walk
dams, so that there may be no division between them, but
that they dovetail into one another. In making up the back
dam, a space of 3 rods should have been left opposite to
the main navigation trench, to facilitate putting in the back
dam koker to supply the navigation with water. The koker
is 4 feet x 4 feet x 28 feet long, and has six frames con-
taining 36 cubic feet 9 inches. The gallows-posts, windlass,
&c., &c., contain about 13 cubic feet 7 inches ; the foundation
timbers, piles, caps for back of koker, wings, &c., in front,
contain 76 cubic feet 2 inches; or a total cubic contents of
greenheart timber for koker = 126 cubic feet 7 inches. In
addition, there are 300 feet of greenheart slabs, for pauling off
wings, back of koker, and foundation; 17 pieces greenheart,
28 feet x 12 inches X 2 inches, for frame, boarding up, &c.,
and door ; 50 lb. 4-in. spikes, small $-in. chain for door, sheaf
for hoisting door, &c. If the door of koker is placed 18 feet
within the dam from the savannah side whenever it is desired
to repair the koker, or in case of an accident, a stop-off in
front 8 feet wide can be put in, and will still be in a line with
the dam, so that it will have an equal pressure with the rest of
the dam, and cost next to nothing in comparison with making
up a stop-off if the koker came up to the foot of the dam.



48 Cultivation of the Plant. [CANE

Lining out the middle walk trench is commenced by lining
out a space 20 feet wide from the foot of the middle walk
dam. On this space, all the ground from the middle walk
trench is thrown, so as to form an extra or company dam
for navigation purposes, as, if the mules were allowed to travel
on the outside savannah dam, it would soon be trodden out of
shape and become weak, and any leakage from the dam, with
the mules walking about on it, would soon increase, and cause
the dam to “shove” down into the trench. This extra dam
will also greatly strengthen the outside dam. The middle
walk trench is made 14 feet x 4 feet X 12 feet.

The ground from this trench makes up a dam 18 feet wide
and about 3 feet high. This must be added to the outside
dam in such a manner that no space shall be left between;
that is, the two dams, having been pared off, form only one
large dam, with no perceptible joining.

Before commencing to dig the cross canals, the wood in
field No. 4 is cut and corded, amounting to 200 cords. The
g cross canals are lined out 12 feet x 4 feet X 12 feet. On
the side line, the digging of the canals is stopped 2 rods
from the trench, so as to prevent leakage. “Turns” at the
canal heads lead into the main middle walk trench.

The small drains are dug 2 feet wide and 3 feet deep.
Commencing in field No. 1, 3 rods are measured off from the
back dam, and there the first drain is lined out, and so on,
placing the drains 3 rods apart. The drains are dug only 98
rods long, leaving 2 rods on the middle walk side of the
field, so that the water may not leak out from the middle walk
trench. The drains, when finished, are 2 feet on the top and
U foot at the bottom, having a gradual slope of 1 foot on each
varing. In the sand reef, field No. 5, a 4-foot or tracker,”
is lined out 4 rods irom the middle walk trench, so that
it may carry off the water from that side of the field ; sand
reefs require more digging than other lands, and hold the
moisture more.

The following is a table of the cost of the operations :—
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Num- | Price Local English
DESCRIPTION OF WORK. ber. paid. coin, equigalent.
FOR MIDDLE WALK DAM, $c| $ c| £ s d
Clearing off 7 rods grass in savannah .. .. 267 r] o048 | 128 16 | 26 13 8
Cutting 20 cords wood from 33r. bushland . . | o040 8 oo 113 4
Digging blind trench, 5 ft. x 5 ft. .. .. 3001, 04012000 25 0 O
,s trenchin savannah 20 ft. X 5 ft. x
C 12 ft T e ve +e 4 .l 300ri320 06000 |200 0 O
Ramming blind trench .. .. .. .. .. 300r|040|12000 | 25 0 O
Shaping off and paring dam .. .. .. ..|300r|048 144 00| 30 0 ©
Incidental expenses, making updam ., ..| 300r.| 0 12, 36 00 7 10 ©
FOR SIDE-LINE DAM,
Clearing off 6 r, grass in savannah .. .. ..} 300710 36 | 108 00| 22 10 ©
Digging blind trench ee e+ 4+ .| 3001/ 0 40| 12000 25 O O
5  trench in savannak .. .. .. ..|300r/Io00|30000| 6210 o
,»  side-line trench .. .. .. .. 30071 2 00 | 600 00 | I25 O ©
Ramming blind trench .. .. .. .. 300r. 040/ 12000} 25 0 ©
Paring and shaping off dam .. .j300r048 14400 30 0 0
Incidental expenses .. .. ..l'300r|o 12| 36 00 710 0O
FOR BACK DAM. i
Clearing off § r. grass in savannah.. .. ..| 1031 0 30| 30 90 6 8 9
Digging blind trench e « « . . |103rj0O040 | 12000 | 25 O O
,» trenchinsavannah .. .. .. ..|103%| 320|329 60/| 68 13 4
Ramming blind trench .. .. .. .. .. 103/ 040! 4I 20 811 &
Paring off and shaping dam .. .. .. .. 1031|048 | 4944 | 10 6 ©
Incidental expenses .. .. . .. .. .. I03rjOI2| 1236 211 6
Putting koker in back dam, materials, labour, ‘
and supenntendence Mo T - T ~ Ba 273 18 ‘ 56 18 3
Digging main navigation trench .. 300T.{ 144 43200 | 90 O O
Shaping off empolderside of middle walk dam 3001024 | 7200| I5 O ©
Cutting 200 cords wood, No. 4 .. .. |040| 800 1613 4
‘Transporting 200 cords of wood to navxgatxon
trenches .. . % w o Wi P o081 16 co 3 8
Digging 9 cross canals, each .. .| 98rj1 00| 8200|183 15 ©
Making turns of cross canal heads into main
trench, 9 canals,each .. .. .. .. ..| .. |064 5 76 I 4 0
Digging small drains W e 1002.l 9 00 | 9oo 0o | 187 10 ©
»  4-footinsand reef .. .. 30r.| 0 12 3 6o 013 ©
o0 6192 20 (1290 O 6

Drainage—The proper drainage of a sugar estate is one
of the most important matters for the consideration of the
planter. This is especially the case in localities which possess
no natural means of taking off the surplus water, as for
instance, the flat lands of British Guiana.
subjects of late years have attracted more attention, or
excited more discussion among planters, and those connected
with the cultivation of sugar, than the proper drainage of the
soil. Looking at the vast extent of valuable land occupied by,

In Demerara, few

E
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and the large amount of money yearly spent in cleaning out,
the open drains at present in use on almost all the sugar
plantations in the colony, it requires no great research to
discover the reasons for the interest which this subject has
attracted to itself. Attempts have been made to establish the
system of tile drainage, and had these been attended with
success, nothing would have been left to say on the subject;
but planters continue using the old system.

As a rule, the crust of the earth in the colony of British
Guiana is composed of a stiff impermeable sort of clay,
streaked with layers of fine sand or “caddy.” Now, it is
well known that all clay soils in their natural state resist the
passage of water through them, and therefore it will be seen
that, in the case of a heavy fall of rain, the most natural way
of drainage will be from the surface. The water in running
off the surface flows into open drains. These drains are
generally 3 rods apart, seldom less than 2, and scarcely
ever more than 4. The bottoms of these drains are usually
from 4 to 8 feet below the level of the land, while the tops
vary from 3 to 9 feet in width (by this, is meant the distance
from the lowermost cane root on the one bank to the nearest
one on the other). These drains run along the whole length
of a field, dividing it into beds of 3 rods wide, and issue into
what is called a side-line or main draining canal, which is
generally about a foot deeper than the drains. The water
from this side line, in the case of an estate having natural
drainage—i. e, where the river or sea which is the receptacle
for all this water is (at ebb tide) on a lower level than the side
line—is discharged through a koker generally from 4 to 6 feet in
diameter, and, in the case of very low-lying estates, is thrown
qut by means of what are called draining-engines. This latter
method entails, in wet weather, a great deal of expense in the
way of fuel, and, considering the immense outlay to procure
such apparatus as is required for this one item, the profits
from the cultivation of sugar would need to be enormous.
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It has been said that the present system is one of surface
drainage—i. e, the rain does not thoroughly penetrate the
soil, but almost immediately runs off into the drains. For
this purpose, the beds between each drain are rounded off,
being high in the middle and sloping at each end ; drills are
also dug, commonly 1 foot deep by 2 feet wide, crossing the
bed from drain to drain in order to facilitate the flow of water.
Of course, this is all very well in a continuous wet season,
where the only object is to get the water off as quickly as
possible ; indeed, it would seem that this is the only advan-
tage in drains of this sort. But in the stiff clay lands of this
colony, where the want of porosity is very great, and there-
fore the absorption of rain very small, it is probable that the
benefit which would accrue to the soil from a good heavy
shower of rain in a dry season (and it is then it is most
wanted), is, in the present state of drainage, reduced to a
minimum.

This, however, is not the only disadvantage in open drains.
The greatest, and assuredly the most hurtful to a pianter, is
the great extent of land they occupy. Take a field, say, of
10 acres. This measures 100 rods from middle walk to side
line, by 30 rods in breadth, and consists of 10 beds of 3 rods
each, measuring from the middle of one drain to the middle
of another. Take the width of the drain, say, at 4 feet. Thus
there are between each two beds intervals of 4 feet, which in
9 drains, without counting a middle cross tracker, would be
36 feet, or nearly 3 rods. Thus we have 3 rods x 100 =
300 square rods* = one acre, or, on an estate of 500 acres, no
less than 50 acres are lost on drains alone, and this is no
exaggeration.

Besides this, these open drains are constant sources of
annoyance, as they are perfect nurseries for grass and weeds,

* These are the old Rheinland rods or ruthe before referred to (p. 43). An
English acre contains 43,560 sq. ft. ; 300 square rods would be‘equal to 43,200 ft.
if the rod is reckoned at 12 ft., or 45,633 if at 12} ft,

E 2
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and, however well constructed, are perpetually having their
sides slipping in, forming “stop-offs ” across them, and greatly
preventing the flow of water. Another disadvantage is the
inability to use the plough or tilling machine, which would
render planters a great deal more independent of immigration
than they are at present. The last, but by no means the
least disadvantage, is the loss of the great amount of fine
earth which is being continually swept into the drains during
rainfalls.

Mention bas already been -made of the futility of tile
drainage in this colony. The failure may be attributed in
the first place to the great distance (36 feet) which the drains
are placed apart. In England and Scotland, where the land
is of a clayey nature, tile. drains are seldom placed at more
than 15 to 20 feet from each other, and there the rainfalls are
much less heavy than in British Guiana. In the second place,
it is a question whether water can gain access to the pipes in
sufficient quantities by means of the small chinks between
them, and especially where the surrounding layer of clay will
tend to stop up the interstices altogether. Of course, on an
estate where the soil is very porous, there is no doubt that tile
drainage, if the drains are placed sufficiently close (say 24 feet
apart), would be the proper thing ; but the only method which
seems adequate to the wants of this colony, is that of stone
drains. The great and only difficulty will be the immense
outlay of money requisite, but in a very few years the advan-
tages of it will doubly compensate for the expenditure. Of
course, there is no question but that covered-in drains, if able
to draw off the water, are more profitable than open ones. The
kind of drain advocated is what is called a “box” drain,
and which is often used in Scotland with thorough success,
in soil exactly similar to that in this colony, and where it is
considered_that tiles, which are, no doubt, much less expensive,
would be wholly ineffective.

In the first place, it is assumed that the old open drains
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will be used as trenches in which to place the stones, as
it will not be necessary to incur more expense by digging
new ones nearer together. Operations are in this case com-
menced by digging the side line to the utmost depth that
the koker will allow ; the old drains should then be neatly
dug to a depth of about 1 foot above the bottom of ‘the side
line. While this is going on, the stones should be brought in
punts, and laid along the drains on the bank ; after the old
drain has been properly cleaned out, the stones, which should
be formed flat, should be placed, the largest and flattest (say
1 foot square), at the bottom, smaller ones (say 8 inches
square) at the sides, and similar ones to those in the bottom
will serve to go on the top as covers, the whole forming an
open drain. The fragments, or what has been chipped off the
stones in order to bring them into shape for the sides, &c.,
should be placed on the top to a depth of 6 inches, and the
whole covered over with earth. Of course, this can only
be done where new land is to be taken in, or the fields to be
replanted, as the beds adjoining the drains will have to
furnish the earth which is to be backed on to the top of the
stones.

In the case of a Dutch bed field, where the drains run into.
a tracker, it would be advisable to leave the tracker open.
Where the drains run from middle walk to side line, there
might be a cross open tracker in the middle of the field,
into which all the drains in the first half of the field would
fall, with an open drain running thence to the side line.
The drains in the remaining half of the field would be quite
independent of, and unconnected with, those in the first part.
This plan of keeping open two “4-foots” would probably
be a great advantage in case of heavy weather, when the
kokers or draining-engines are unable to take off the water
fast enough, and it would be no hindrance to the use of the
plough, which could be run on each side alternately.

As to the question of what sort of labour is to be got for
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this work, it will probably be necessary to have recourse to
Chinese.

Appended is an estimate of the cost, which will un-
doubtedly be the chief obstacle in putting this system into
practice. Stones of the quality required cost, say, $2 or 8s. a
ton, landed on an estate. A drain will require, say, 6 cwt. per
rod, or, in a drain of 100 rods, 600 cwt. = 30 tons, or 24 tons
per acre. Thus—

Per Acre.

24 tons stone, at $2* 50 e «o o+ .. %48 00 (10l 0s. 0Od)
Filling into punts, at 8 cents a ton 5. & 1 92 (o/. 8 od.)
Throwing out, at 8 cents.. .. .. o 1 92 (0/. 8s. 0d.)
Breaking stones, and placing in dram, at 8 cents a

rod.. .. I 8 00 (14 135, 44.)
Cleamng out dram before stones are put in, at

2centsarod.. . - 2 00 (ol 8s. 44.)
Backing in earth and ﬁllxng up dram, at 48 cents

arod for both sides .. .. .. .. .. 48 00 (10l os. 0d.)

Total .. .. .. .. . .. $109 84 (227 175 84)

Or, on an estate of soo acres .. .. .. .. $54,920 00(11,441/ 135 44.)

* The Guiana dollar is 4. 2d., the cent is 3.

To show against this, on an estate of 500 acres, if the
open drain system is done away with, there are 50 acres of
extra land ; say this gives 2 hhds. of sugar an acre; and a
corresponding quantity of rum:—

Yearly.
100 hhds. sugar at $8o e oo .o .. %8000 0(1666/ 135 4d.)
50 puns. rum at $50 .. .. . 2,500 0 (520/. 16s. 8d.)
Yearly cleaning out and deepenmg of open
drains (which would now be done away
with) at §2 s0anacre .. .. .. ., 1,250 o (260l 3s. 44.)
Total gain yearly .. .. &11,750 0 (24477 18s. 44.)
Expense of stone drains .. .. .. .. $54,920 o (11,441Z 135 44d.)
Interest for 10 years at 4 percent. .. .. 21,960 0 (4572/. 0s. 0d.)
Cost of keeping up drains per year at
$T00, =y = = ™ ™ W KL 1,000 0 (208/. 6s. 84.)

$77,880 o (16,2257 os. od.)

Yearly gain of .. ..$11,750 x 10 = $117,500 0 (24,4797 3s5. 4d.)

Oragainin 1oyearsof .. .. .. .. $39,620 0(8254/ 3s. 4d.)
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The chief disadvantage is the scarcity and consequent
expense of stones; but were planters to adopt this system on
a large scale, more labour would be émployed on quarries in
the interior, and in a few years the supply would increase so
much as to reduce the costto a minimum. It may be objected
that the drains should not be 36 feet apart, when that is
the chief cause of the failure in the tile drains. But the size of
the stone drains is so great as compared with that of tiles,
that the stone drains are quite capable of holding the water
that runs into them even from a distance of 18 feet on each
side. The advantages, on the other hand, are many. The
additional acreage of itself would be enough to compensate
for a great outlay of capital. Then there is the saving of all
the fine soil which in open drains is washed away with a heavy
rainfall, the avoidance of all labour and trouble after the
drains are once formed, and the great benefit of being able
to use the plough.

Lastly, all soils, and especially those in which clay forms a
principal part, possess the property of contracting when dry
and expanding when wet, so that, after the upper water has
sunk into the drain, a very great contraction takes place,
especially in a dry season, causing innumerable cracks and
fissures in the soil, sometimes extending to a considerable
width and depth. Now this cracking of the soil is of the
very highest importance in draining land ; in fact, it is very
doubtful whether it would be possible at all to drain clay
lands by covered-in drains without it. The tendency of
drainage is to increase this cracking action, and it will always
be observed that the main fissures commence at the drains
and spread from them in almost straight lines into the subsoil,
forming so many minor feeders all leading to the main drain.
When these cracks are once formed, the falling of loose earth
into them, and the action of the water which passes through,
prevent them from ever closing so perfectly as to stop the
passage of water. Thus the subsoil is pervaded by a perfect
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network of small drains which, in case of covered-in drainage,
are always being filled up with the fine rich mould carried
down by the rain on its way to the main drain, and this
probably constitutes by far the greatest advantage of covered-
in drainage. Not only is the mould not swept away to fill up
the drains and side lines, but it is permitted to filter through
and permeate the stiff soil below, altering it for the better
year by year, turning the clay into the consistency of a fine
loam, and, from the richness and consequent fertility imparted
by it, forming a new soil, which, in a very few years, will pay
the planter doubly for his outlay.

Irrigation—Closely related to the subject of drainage, is
that of irrigation, a matter of at least equal importance to
sugar-planters, but one of which they are mostly ignorant.
The apathy which has been manifested in this respect is the
more remarkable, since, in a tropical country, the subject
appears in a stronger light than in the temperate and humid
climate of England. Hence, many proprietors of sugar estates;
who have never been out of the United Kingdom, cannot
conceive the loss that is sustained by their fields not being
irrigated during dry weather.

Whilst in the greater part of Upper India, it is impossible
to cultivate even the common native cane without constant
irrigation, in the West Indies, the Straits Settlements, and
many other parts, the cane is grown altogether without other
moisture than that obtained by the rain. In Singapore, fine
seasonable showers usually occur every fourth or fifth day, so
that the soil is kept quite moist, and in a condition highly
favourable to vegetable life ; but even in this favoured spot,
spells of dry weather happen, and do considerable damage
to the sugar-canes. Malacca is very similar to Singapore in
regard to frequent showers and occasional periods of hot, dry
weather ; while Penang and Province Wellesley are much
more subject to spells of dry weather, which also are of far
longer duration. But there is not one estate in Province
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Wellesley which could not irrigate every field, by merely
raising water from a depth of from 6 to 10 feet, in-the very
driest weather,

In the West Indies, long periods of dry weather very fre-
quently occur, when the planters are in despair at the ruin
and destruction of their crops; but few appear to recognize
irrigation as their great and only safeguard.

In the matter of irrigation, very many estates have the
facilities already existing, awaiting only the application of
labour to turn them to proper account ; others are in a position
to create facilities, by digging wells, &c. ; whilst some are so
situated that irrigation would be next to impossible. In the
first case, the methods whereby the water may be conducted
and distributed over an estate can be easily arranged, if once
the determination be formed to make it available ; in the
second, the grand question is the dépth to which a well would
have to be sunk, in order to secure sufficient water for the
purpose required. In a very great number of instances, the
depth would be moderate, consequently the expense would be
limited, and the undertaking such as could with great pro-
priety be carried out ; but where the depth is extreme; and
the expense necessarily very great, of course it could not be
entertained.

The application of water to a cane-field must be viewed (1)
in respect to the manner in which it renders soluble the con-
stituents of the soil, and in that form presents them to the
plants, (2) in regard to the oxygen that it contains in solution,
which acts on the organic and alkaline constituents of the
soil, and converts them into alimentary substances for plants,
and (3) in relation to the various other substances which it
holds in solution, and consequently supplies to the-soil. In
these two latter respects, the waters used in irrigation must be
extremely variable.

River-water generally contains silica, potash, oxygen, and
other substances conducive to fertility, independent of the
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extra matters contributed during heavy rains. During the
dry season, when irrigation is so necessary, the water would
only supply those substances ordinarily held in solution. The
sugar-cane thrives luxuriantly in marshes, argillaceous soils,
streamlets, and other places, where the change of water con-
stantly renews the supply of dissolved silica. The potash
abstracted is also restored to the soil by annual irrigation.
This is found to be of such advantage, that in some places
the fallowing of the land is superseded by inundation.

In irrigating during hot dry weather, there is another
feature which most materially influences the plant ; this is the
vapour which a strong sun causes to rise from irrigated lands.
This vapour, as it leaves the ground, passes up through the
foliage of the canes, in order to escape into the air ; but in its
passage, it is powerfully attracted by the leaves and other
green parts of the plants, and its moisture is made use of.
When the air is exceedingly dry, the creation of this moist
atmosphere around and amongst the growing canes must be
highly beneficial, as the external organs of assimilation are
thereby supplied with the means of exercising a more vigor-
ous action, to the refreshment and corresponding improve-
ment of the whole plant. Hence it is apparent that irrigation
benefits the plants both by the food which it supplies to their
roots, and the nourishment that it affords to their leaves and
other green parts.

The rough and ready methods of irrigation practised in
India, Egypt, Arabia, Persia, and China, deserve passing
mention.

On the Nile, the irrigating machines mostly consist of an
endless band, with a number of wide-mouthed earthen pots tied
on it at distances ; this band works over a drum-wheel having
spikes or teeth, fitting into holes in the band, so as to catch
and carry it round ; while the drum-wheel shaft is moved bya
large cog-wheel fitted on a vertical shaft, worked by animals
of various descriptions. On the Euphrates, the same kind of
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machine is used, as well as the Persian wheel. In China,
bamboo wheels, endless bands, and what is termed the
“Chinese pump,” are in constant use in the dry season.

The methods pursued in India are chiefly three. The
first is by means of an upright pole placed in the ground,
the top of which is forked to receive another pole, fixed
by means of a pin forming the axis on which the cross
pole works. The short end of the cross pole carries a large
stone, sufficiently heavy to counterpoise the receptacle, which
is attached by a rope to the other end of the pole.

The second Indian plan is performed by the aid of baskets.
In this case, the water of ponds is usually availed of The
basket used is round, closely woven, and very shallow ; to it
are attached four strings, two on each side, about 4 or §
feet long. Steps are cut in the bank about 6 or 7 feet
above each other, with little channels running from the top of
one to the foot of the other ; two men take up their positions
at each of the steps, and bale up the water with, their baskets.
About 24 feet above the level of the pond, places are cut for
the two men to stand, having the water between them ; they
then take the basket by the strings (each man having one in
either hand), and giving it a swinging motion, just skim the
top of the water, filling the basket, and jerking its contents
cleverly on to the top of the first elevation or step. Here it
is received in a kind of bed with raised edges, and having
dry grass laid at the bottom to prevent loss by splashing.
From this, it runs along to the foot of the next step or
elevation, whence it is raised as in the former case; and
so on to the next elevation, until'it reaches the general
surface of the land. By this method, 6 men are required to
effect the elevation of each basketful of water to the surface of
the land, which may be reckoned at from 18 to 21 feet above
the level of the pond.

The third Indian mode is by a “moat” (a hide bucket
holding about 12 gallons) and a pair of bullocks. Over the
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well is erected a rude but strong framework, with a wooden
shaft running across, bearing a small revolving drum-wheel.
Into this, the rope is dropped, and the cattle being attached,
the moat is let down into the well and filled with water ; the
cattle then run down an inclined plane, of the same length as
the depth of the well, and draw up the moat, which is imme-
diately emptied by the man stationed on the well for that
purpose. To work the moat all day requires four bullocks,
three men, and one boy ; these will, according to native calcu-
lation, irrigate one-third of a pucka beegah in that time.

A smart set of bullocks and driver may make one trip a
minute, delivering 12 gallons of water, which would amount
to a distance of about 7} miles travelled in the day, and
of water raised about 7200 gallons. This, together with its
distribution over the field, would only cost about 1s 21d,
making for the irrigation of an acre, according to this plan, the
sum of §s5. 44.

The utilization of the wind as a motive power for working
pumps is of the greatest importance in this connection,
wherever it can be successfully accomplished. .

Next to having proper means of raising water, the im-
portant point is to have a regular and well-devised plan for
conveying the water on to the different fields to be irrigated.
This leads back to the subject of laying out an estate in the first
instance (see pp. 43-9), in a methodical and properly-arranged
manner. Where this is done, the various roads situated at
regular distances would also form the tracks or lines along
which-the water-courses would run, each cross road having its
water-course, into which the water supplied at given points
could be directed as might be necessary.

The estate should be cut up into fields of from 30 to
50 acres each, in order that a properly-sunk well may be
allotted to each field, in case no river or pond be at hand.
Where possible, the fields should have some regular form, so
that the well may be made in the centre. The next point is
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to conduct the water pumped up from the well, so that little
or none of it is lost during its transmission. This object may
be gained by laying down common drain-pipes (of what-
ever diameter may be found necessary), say in four regular
lines about 260 feet apart. By this method, 30 acres of land
may be permanently laid down at a small expense, as not more
than 5500 pieces of piping would be necessary. Each pipe
should be 1 foot 3 inches long, one end having a shoulder,
and being large enough to receive the end of the other pipe to
the extent of 3 inches. At intervals of from 40 to 50 feet
along the line of piping, a good-sized naud (earthen vessel) is
sunk in the ground, so that the ends of the pipes fit into it
about 2 or 3 inches below the rim exactly opposite each
other, and are made water-tight by the application of a little
mortar. These vessels serve as receptacles for the water, from
which it may be distributed over the field, either by tossing it
out with wooden shovels or brooms, or by a small pump irri-
gating-machine, and so throwing a jet of water ovér the land
as far as the power of the machine will carry it. These
receptacles also serve as points from which the water can be
drawn into any branch-piping or mud-channels in the fields ;
and they are of much utility in detaining the mud, sand, or
other matters which might otherwise lodge in the piping, and
obstruct the free course of the water.

Of pumps, it may now be said that their name is legion, and
it would be quite impossible here to attempt a description of
even the most noteworthy forms. Nor is it necessary, as they
figure in most engineers’ catalogues. The planter should
always, choose the simplest.

Propagation of the Plant—It has more than once been
stated that the sugar-caneis in some localities reproduced from
seed, buf the statement has originated in a misconception, there
being no kind of sugar-cane known to regularly perfect its
seed. Propagation is therefore effected exclusively by means
of cuttings from the stems. For this purpose, none but the
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healthiest and most vigorous canes should be selected ; neglect
of this point will result in disease and deterioration, and even

with every care, it cannot be continued indefinitely with im-
punity, and sooner or later new plants have to be introduced.
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Every part of the cane stem having a perfect “eye” or bud
will put forth a new plant, and it sometimes becomes necessary
to take advantage of this circumstance, and utilize every por-
tion of the sound canes for this purpose. Where there is room
for choice, however, preference is usually given to the few
upper joints nearest the leaves, usually termed the “cane top.”
But this is not the case in Louisiana, where preference is given
to the main stalks, and tops are used only for economy’s sake.
An ideal cutting from the cane top is shown in Fig. 5. The
part included between the letters @ & is a portion of the top
stripped of its leaves ; the part included between the letters
b ¢ embraces one, two, or three of the uppermost “joints ” of
the cane.

When planted, the eyes at thz joints commence to spring
forth, and at the same time a number of rcots are thrown out
around the whole of each joint ; these roots serve to supply the
young plants with the means of subsistence till they are
advanced enough to put forward roots of their own. Fig. 6
shows the condition of a cutting with three eyes at this stage ;
a is the cutting, & are the young shoots springing from the
joints, ¢ are the roots from the joints, supplying nutriment to
the young shoots, & are the joints whence the roots and shoots
originate.

As the development of the shoots advances, the parent
cutting gradually dies away and decays, while the young shoots
become furnished with perfect roots of their own. This stage
is illustrated in Fig. 7 ; a is the cutting, 4 are the young shoots
springing from the joints &, ¢ are the remnants of the old roots
on the joints of the cutting, ¢ are the new roots thrown out by
the young shoots themselves, and forming their support inde-
pendent of the now decaying parent cutting, while £ are the
fresh buds or eyes which appear on the joints of the young
shoots (now become good-sized plants), and also develop into
plants.

Planting.—After the estate has been properly laid out
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and drained, the next operation is to bring the soil into a
perfect state of tilth, which is effected by the usual routine of
ploughing, harrowing, hoeing, digging, &c., as for any other
crop, and demands no special description here. The land
being in a fit condition to receive the cuttings selected,
planting is the next operation to be described. This naturally
divides itself into several distinct sections, such as preparing
spots for the reception of the cane cuttings (termed “lining-
out ” and “holing ”), setting out the cuttings in their places, &c.

Lining-out and Holing.—For facility in carrying on all the
operations incidental to raising a crop of sugar-cane, it is essen-
tial that the estate be laid out in a regular and systematic
manner in the first instance. When this is done, all sub-
sequent steps are much simplified. Perfect regularity in the
rows of cane is very important. This is attained by “lining-
out” the fields with great care, by means of long lines and
poles. Each field, vafying in size usually between 5 and 23
acres, is first divided up into convenient sections by tall poles,
placed say 100 feet apart on each side. Between these are
stretched long tapes carrying pieces of conspicuously-coloured
rag, fastened at the distance apart which the holes for the
canes are intended to be. Small stakes are then driven in at
the rags by a gang of labourers following the tape, edach stake
occupying the centre of the hole to be dug.

The distances apart at which the holes are situated, as well
as the dimensions of the holes themselves, are subject to no
absolute rule. Very often, the holes are made 2 feet apart in
rows 3 feet asunder, but much depends upon the soil and cli-
mate. Common dimensions for holes in the West Indies are
15 to 18 inches square, and 8 to 12 inches deep ; in Guiana,
they may be said to average 3 fect square at the top, diminish-
ing to I4 inches at the bottom, and about 8 inches deep.
Since ploughshave come widely into use in tropical agriculture,
there has been a growing disposition to replace hand-dug holes
by furrows turned by the plough, the latter effecting a great
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economy of labour. Ploughing is universal in Louisiana. In
this case, it is generally necessary to retain the lining-out, as
only the most experienced ploughmen will preserve perfect
regularity in the intervals between the rows without some
guide.

Setting-out the Cuttings.—The number of cuttings to be
placed in each hole, or in each 2 feet of trench,. varies between
1 and 4, according to their degree of vitality and the pro-
spects of their striking root. With good sound cuttings, 2
placed at about equal distances from parallel sides of the
hole will amply suffice; when 3 are set out, the same sort
of disposition is generally adhered to, the 3 pieces lying
parallel with each other and with 2 sides of the hole ; when
the cuttings are very poor, and 4 are considered necessary
to ensure a plant from each hole, they are more commonly
arranged in a square, corresponding with the sides of the
hole. The usual plans of setting out in trenches are (1) to
place the cuttings end to end at a little distance apart in
one continuous straight line, (2) to allow them to overlap each
other in a somewhat zigzag fashion, and (3) to lay them side
by side obliquely across the trench, It is preferable to plant
too heavily rather than too lightly, as the former evil can be
easily remedied by subsequent lopping, while the latter entails
a filling up of the gaps with new cuttings, which can rarely be
done without in some degree disturbing the adjacent plants.

The natives of Bengal have a peculiar method, which is often
adopted by European planters there. This consistsin burying
the cane-cuttings in a pit until they sprout, when they are
carefully removed and planted out in the fields. In placing
them in the pit, great care is taken to have them in regular
layers, with wet straw and a little mould between the layers;
and the most delicate manipulation is needed in removing
them, or the white and tender shoots will be broken off. It is
a useful way of keeping cuttings over for a time when waiting

for the fields to be ready for planting, and plants succeed very
K
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well when set out in moist hot ground ; but they are quite
unfit to be transferred to cold damp situations, or even to het
land which is also dry.

In any case, the cane-cuttings when laid in position in the
holes or trenches, are covered with a thin layer (say 14 to 2%
inches) of earth. They thus lie sheltered from direct sun-
heat at the bottom of a more or less deep hole, which forms a
natural receptacle for rain or any other moisture that may be
supplied. !

The time for planting will of necessity be governed by the
character of the local seasons,and no absolute rule can be laid
down for it.

Moulding and Banking.—In about a fortnight, young spronts
push themselves up through the covering of earth ; these are
immediately “moulded” round with-some of the soil still
remaining from the hole or trench. This moulding operation
is repeated at intervals, as the plant grows, till the hole or
trench is filled up, -and is further continued till the stem of
the cane is “banked up” for a certain distance, to ensure its
retaining as far as possible an erect position.

Weeding and Trashing—Simultaneously with the mould-
ing and banking, the land should be thoroughly weeded with a
hoe. As the plants progress, “ trashing ” will also become neces-
sary. This consists in removing from the stem evcry dry and
fading leaf which has ceased to perform its functions. In
rich land, it requires to be frequently resorted to during the wet
season, but may be done at longer intervals when the rains are
over. The importance of constant trashing cannot be too
strongly insisted upon, as it admits to the plants that abundance
of light and air which is absolutely essential to the production
of a heavy crop of sugar. At the same time, green and living
leaves must on no account be removed, as they form part of
the vital system of the plant, and their destruction necessarily
acts injuriously upon its development. Equally demanding
removal when too numerous, are the suckers thrown up by the
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roots ; yet among Louisiana planters these are encouraged
all possible. Both the leaves and suckers should be buried in
trenches dug or ploughed between the cane rows, and covered
over with d thin coating of earth ; there they decay, and form
excellent manure for the growing crop.

Ratooning.—In describing the operation krown as “ratoon-
ing,” it is necessary to refer the reader to the section on the
propagation of the plant (pp. 61-3) and the illustrations
relating thereto (Figs. 5, 6 and 7). Bearing in mind the
method in which the cane-cuttings put forth new shoots, it
must now be explained that the first crop obtained from
newly-planted cuttings is called “ plant” canes; when these
plant canes have been cut and carried, the stole or stool,
remaining in the ground, in due course sends up another
growth of canes, which are termed “ratoons.” The first crop
of ratoons (i.e. the second crop of canes from one planting) are
designated “first ratoons,” and the succeeding crops are
numbered progressively in the same way.

It is found that ratoons annually diminish in length of joint
and circumference, the first being larger than the second, and
so on in a deteriorating progression. The roots of the buds,
being fewer than in the original plant, and nearer to the surface
of the earth, supply less nutriment to the ratoons, and the
ground about them cannot be so effectually loosened and
.manured, as when the cane is freshly planted and the roots
are deeper in the soil. These unfavourable circumstances
attendant on the vegetation of the ratoons, limit their number,
and retard the vigour of their growth.

On some soils, it is found best to depend chiefly on ratoons.
A very general practice is to plant a certain proportion of the
cane lands (commonly one-third) in annual succession. The
stoles are allowed to continue in the ground, and as they
become thin and i