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CANE SUGAR

CHAPTER 1

THE CANE

THE sugar cane is a perennial grass, the cultivation of which is confined
to the warmer regions of the earth. In all probability it is of paleeo-tropical
origin, and Eastern Asia is usually assigned as its home by economic
botanists. Nevertheless the cane was found growing in Polynesia by the
first European visitors, and also in the Hawaiian Islands. Ethnologists
assert that these islands were settled from the South Pacific at a very early
date, the native legends confirming this assumption. As it is probable
that these early voyagers brought the sugar cane along with them, the
presence of the plant in the South Pacific at 2 very remote time would be
indicated, and it would then appear that the cane is indigenous equally to
the South Pacific as to Eastern Asia. This suggestion is made more probable
when the very marked difference in habit between the Indian canes and those
of Otaheite and other Polynesian islands is remembered. That the sugar
cane is indigenous to Polynesia was probably first suggested by Sagot and
Raoul in their ‘“ Manuel pratique des Cultures Tropicales,” Paris, 1893.
Their conclusion is based on observation in that locality, on Maori legend]
and on the presence of a Saccharum violacewm in the island of Rurutu near
Otaheite, this last island receiving its name from the name of the cane.:

The cane plant is made up of the root and root stock, the stalk, the leaf,
and the inflorescence. The structure and function of these different parts
are described below.

The Stalk.—The stalk of the cane is roughly cylindrical, and in some
varieties is swollen between the joints, giving the internodes a barrel shape.
Its size differs not only with variety, but also with conditions of growth.
The diameter lies between a minimum of 0*5 inch to a maximum of 3 inches.
The smallest diameter is found in the reed-like canes grown by the ryots
of British India and classed by Hadi! as Ukh canes. Of the canes cultivated
elsewhere, that with the smallest diameter is the Uba cane, itself probably
of Indian origin. The greatest diameter is found in the Elephant cane of
Cochin China, which is not, however, a commercial variety. Of the older
cultivated varieties, the Tanna canes are of greater and the Java or Batavian
of less diameter, the Otaheite cane being intermediate between these two.
The length of the stalk under the most favourable conditions may exception-
ally attain to as much as thirty feet, but an average length of twelve feet is
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2 ' CHAPTER 1

typical of a well-grown crop. Similarly, the weight of an individual stalk
will reach a maximum of fifteen pounds, the average weight in a well-grown
crop being six to seven pounds.

In the early stages of the cane’s growth it is erect, and in some varieties,
as for instance the Tanna canes, it remains so throughout the whole period

! Lo of its growth ; in others, as the Otaheite, its habit is recumbent, and in such
Hontodlcases the cane is said to *“lodge.”
gon (Xow ) The stalk is made up of a series of joints or internodes, f (Fig. 1), separated

from each other by the nodes e. Generally the internodes grow in a continu-
ous line, but occasionally they are more or less 21gzag The node is usually of
somewhat greater diameter than the internode and in some varieties is notably
swollen. The length of the internode will exceptionally reach 10 inches,
but a length of 6 inches is typical of Otaheite cane grown under favourable
conditions. The Tanna canes are.an example of a cane short-jointed in
proportion to diameter, the Uba cane and the seedlings B 147 and P.0O.]J. 100
being types where the length is great compared with the diameter. The
length of the joint is, however, influenced by leaf development, by drought
or by cold weather, by soil conditions or by disease. The number of joints
may be as few as twenty or as many as eighty. At each nodeand alternately -

at opposite sides is an embryo cane known as the eye or bud, b (Fig. 1).
It is the size of a pea or larger, and may be triangular, pointed, oval or
hemispherical in shape. In some varieties the eye is very swollen and
prominent. From the eye and running upwards appears a channel in the
stalk ; this channel may be well marked, or in some cases may tend to
dlsappear g o

y Immediately above each ]omt appear from one to three rings of semi-

w opaque whitish spots () ; here is the zone of adventitious roots, each spot

- being an embryomc root. The bloomband is shown at &/, theleaf-scarat /,
and the growth ring at gr.

The eyes or buds serve to reproduce the cane by means of asexual
propagation. Simultaneously the adventitious roots develop and serve
to feed the plant until it has developed a root system of its own. In some
varieties the eyes have a tendency to sprout while still attached to the parent
plant, and the sprouting will always occur when the top of the cane or the
vegetative point is removed or destroyed by insects or by disease. Similarly
the adventitious roots may develop, forming a mass of aerial roots; this
development is one of the symptoms of the ““ sereh ” disease.

Self-coloured canes are green, yellow or some shade of red. varying from
pink to deep purple. Where sun-exposed, the colour may be so developed
as to give a blotched or marbled appearance. Striped or ribbon canes are
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due to the development or absence of colouring matter in streaks running
lengthwise with the stalk. Thus with a diminution of chlorophyll in stripes
in a yellow cane, a green and yellow ribbon cane results ; similarly, green
and red, and yellow and red canes are known, and also varieties striped
in two shades of red. The last case may occur in a cane with an even dis-
tribution of the red colouring matter, anthocyan, overlying strips of chloro-
phyll the colour of which is masked. - Perhaps all arrangements possible
from every combination of the three colours may occur. From striped
canes self-coloured sports frequently occur, and this subject, which is of 4wl v
considerable economic interest, is discussed more fully
in Chapter IV.

Structure of the Stalk.—On cutting across a cane
it will be seen that it consists roughly of three parts,
a hard outer rind, and a mass of softer tissue in the
interior, interspersed with fibres, the latter being
more frequent about the periphery of the stalk. The
rind is made up of a thick epidermis with a strong
outer cuticle, often with a thick layer of wax outside,
impervious to water, and a layer of thick-walled cells;
the function of the cuticle is to prevent evaporation
of water from the stem of the cane, and to protect the
softer interior parts from mechanical injuries: the
layer of thick-walled cells gives rigidity and strength
to the stem. These thick-walled cells gradually pass
into the thin-walled cells of the ground tissue, or
parenchyma, which serve to store up the sweet juice
of the cane. The fibres are known as the fibro-
vascular bundles ; they consist of the wood vessels,
sieve tubes and companion cells, surrounded by thick-
walled fibres.

A cross-section of the cane, after Cobb?, as seen-
under the low power of a microscope, is shown in
Fig. 2. It consists of :—1. The epidermis, with thick
cuticularized walls. 2. Thick-walled ground tissue of
the rind. 3. A small vascular bundle; these are
found mainly in the outer portion of the stem, and
their function is chiefly mechanical. 4. An inter-
mediate bundle with two vessels and a few thin-walled
phloem elements. 5. Thick-walled fibres; these are
the mechanical elements of the bundles, and are
more numerous in the bundles towards the outside. FIG. 2
6. Thin-walled cells of the ground tissue or paren-
chyma. 4. A large vascular bundle found toward the centre of the
stem.

In Fig. 3 is shown more highly magnified a bundle corresponding to 7
in Fig. 2. I is a vessel with unbordered pits; 2, an annular vessel; 3, a <«
sieve tube with the companion elements making up the phloem; 4, an
intercellular air space; 5 and 4, thick-walled mechanical elements, the
fibres, or sclerenchyma, forming a sheath around the bundle ; and 6, ground
tissue or parenchyma. When seen in longitudinal section the cells of the
parenchyma are found to be rather longer than wide.
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The sieve tubes seen in longitudinal section are observed to be very
elongated vessels, with perforated partition walls at intervals in their
length ; the vessels are continuous throughout their length.

In the internodes the fibro-vascular bundles run parallel, but at the nodes
they freely branch and communicate with each other, and pass on into the
leafbud and next internode, descending right into the roots of the cane.

Function of the Stalk.—The stalk serves in the economy of the plant in
three ways. First of all, as a mechanical structure it supports the leaves
and inflorescence ; secondly, the fibrovascular system is charged with the
duty of transporting water and food material from the roots to the leaves
and carrying back to the stem the products of metabolic change formed
in the leaf; thirdly, the parenchymfatous cells receive the material so
elaborated, which is there stored, or else used up as a source of energy by
the growing plant. :

Physiology of the Stalk.—In the life history of the stalk the following
phases are distinguished :—

1. In very young partsof the stalk only
starch or albumen is present, which is con-
sumed little by little in the formation of
cellulose.

2. In young, rapidly growing parts of
the stalk, the cane sugar brought down by
the leaf is inverted, and whereas in the
leaf the proportions of sucrose, glucose,
and fructose were as 4:2: 1, in the young
joints the proportions are 0°8:1:1.. A part
of the invert sugar is used up in the for-
mation of fibre, a part unites with the
amides to form albumen, and a part is
deposited as starch. In consequence of the
inversion, the osmotic pressure is raised and
this tends to favour the absorption of plant
food.

3. In older joints the sucrose formed in
the leaf remains unchanged when it reaches
the joint, and the reducing sugars are used up, partly in respiration, or,
perhaps, are partly converted by a reverted enzyme action into sucrose.

4. When the stalks are developed, the accumulated invert sugar is
converted into sucrose; of the reducing sugars remaining the glucose is
generally in excess.

5. When the stalks are ripe the leaves die and the accumulation of
sugar gradually ceases; the remainder of the reducing sugars is changed
to sucrose, eventually only traces remaining.

6. When the stalks are over-ripe the sucrose in the older joints is partly
inverted, but this change does not prevent the younger parts of the cane
accumulating sugar.

The Leaf.—The leaves of the cane are alternate and opposite, one at
each joint ; actually, the Jeaf consists of two parts, the leaf sheath and the
leaf blade. The leaf sheath springs from the node. It completely embraces,
at its base, the stalk, and gradually recedes from it ; the sheath is colourless
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or pale green, and about 12 inches long at maturity. The blade is from
3 to 4 feet long, and 2 to 3 inches wide; in colour the leaves are varying
shades of green; in some varieties variegated or entirely white leaves are
often developed. Some canes (S. violaceum) have purple leaves. The leaves
taper towards the top, and are delicately serrated along the margin; in
many varieties sef@ or hairs abound at their base. The leaf is traversed
longitudinally by a number of veins. The midrib is generally white, but
sometimes reddish or purple, and is formed with a channel-like depression
in its upper surface. Leaves at maturity fall away from the stalk, and in
some varieties separate themselves entirely.

Structure of the Leaf.—In Fig. 4 is shown a cross section of a leaf of the
cane, to which must be added Dr. Cobb’s explanation of the plate.?

** Cross-section of a portion of healthy cane leaf taken half-way between the
midrib and the margin near the middle of a full-grown but not yet fully lignified
leaf. The upper side of the figure, 1 to 18, represents the top surface of the leaf.
The fructifications of the leaf-splitting disease occur in positions corresponding to
3, 4, 5. The green chlorophyll bodies are here shown black. It-is owing to the
destruction of these green bodies in portions of the leaf such as here represented,
namely, between the largest vascular bundles, that the leaf takes on a striped
appearance. The part of the leaf to be examined was fixed with the vapour of
osmic acid while still attached to the cane plant. The fixed portion was differenti-
ated into glycerme and cut in that condition. The drawing was projected from a
photograph and sketched. The details were drawn in from the examination of
sections either unstained or stained with aniline safranin. The section shows five
fibro-vascular bundles, the largest of which is indicated at 6 to 11, the smallest
at 23 and 32. Portions of the other two, which are intermediate in size, are shown
at 19 and 36. None of these bundles are of the largest size. Bundles fully twice
the size of the larger here shown occur in the cane leaf, and such large bundles are
characterized by the possession of annular vessels, none of which occur in these
smaller bundles. Throughout the illustration structures of the same class are
indicated by a similarity in the draughtsmanship; thus the woody cells indicated
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at g are repeated in various parts of the figure, more particularly next to the epider~
mis of the lower surface,

““ 1, a set of so-called motor cells, in this instance composed of two cells, whose
nuclei are pointed out at 2 and 3; 4, an internal cell of somewhat similar character
to that pointed out at 1, 2, and 3; 5, another cell of the same class cut in such a
way that the nucleus has been removed ; 6, sclerenchymatous cells imparting
strength to the fibro-vascular bundle ; 7, one of the layer of parenchymatous cells
rich in chloroplasts and immediately surrounding each fibro-vascular bundle ; 8, one
of the stomata, found more rarely on the upper than on the lower surface of the
leaf ; 9, woody cells imparting strength to the cane leaf, and occurring on the dorsal
and ventral side of each fibro-vascular bundle ; 1o, one of the celis constituting the
sheath of the vascular bundle—these cells contain chloroplasts arranged along the
outsides of their walls; 11, tracheal vessel; 12, one of the cells of the upper
epidermis ; 13, nucleus of a similar cell ; 14, upper cuticle at its usual thickness ;
15, a two-celled hair on the surface of the leaf; 16, thinner cuticle of the upper
surface of the leaf as it occurs over the so-called motor cells; 17-18, group of
so-called motor cells, consisting in this case of four cells ; 19, fibro-vascular bundle
of intermediate size; 20, chloroplast in one of the cells of the lower epidermis ;
21, one of the stomatic openings that are abundant on the lower surface of the leaf ;

Am
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this one is closed—an open one may be seen at 25-26 ; 22, accessory (?) cell ot the
stomatic opening ; 23, one of the smallest fibro-vascular bundles ; 24, one of a group
of cells very rich in protoplasm, which extends between the vascular bundles—the
nearer these cells are to the lower epidermis the denser their protoplasmic contents ;
25-26, protoplasts in the guard cells of the stomatic opening ; 27, one of the sieve
tubes—among these sieve tubes may be seen the smaller companion cells and their
protoplasts ; 28, extra chlorophyll-bearing cells outside the single layer surrounding
the vascular bundle ; 29, lip of one of the stomatic guard cells; 30, cell rich in
protoplasm, of the same class as 24 ; 31, nucleus of one of the companion (?) guard
cells; 32, fibro-vascular bundle of small size; 33, apparently a locule in the
thickened portion of the wall of the stomatic guard cell ; 34, entrance between the
guard cells of the stomatic opening ; 35, cuticle of the lower surface of the leaf ;
36, fibro-vascular bundle of intermediate size ; 37, 37, 37, air chambers immediately
above the stomatic openings. Throughout the illustration the nuclei are shown
grey, and the nucleoli black. The tissue represented at 24 and 30 is probably
primary leaf-tissue, from which during the growth of the leaf the various tissues
represented have been differentiated.”

In Figs. 5 and 6 are shown, after Dickoff,? the upper and under side of
the leaf highly magnified, the legend being as under :—/, long cell ; k2, silica
cell ; Er, cork tissue cell ; Am, stoma ; bc, air cell ; %, hair; sf, spine.
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Function of the Leaf —The leaf is the manufactory of the plant in which
the processes of metabolism mainly take place. To begin with, the green
tissues of the leaf take up carbon dioxide from the air through the stomata,
which in combination with the water transported by the roots and vascular
system forms carbohydrates, oxygen being returned to the atmosphere.
At the same time nitrogenous bodies are formed through the union of the
carbohydrates with the nitrates brought up dissolved in the soil water.
The componunds so formed are also transported to other parts of the plant,
mainly the stalk. A third function of the leaf is the transpiration of water
which takes place through the stomata.

Physiology of the Leaf—The physiology of the cane leaf has been studied
mainly by Went? and by Kamerling® in Java, the latter extending and
modifying some of the conclusions reached by the first named. It appears
that cane sugar is the first product of metabolism occurring in the leaf,

)

but if more carbohydrate is formed than can be transported to the stem,
then the excess appears as starch, which is stored during the daytime in
the chlorophyll granules. During the night, or even on a cloudy day, the
starch is converted into reducing sugars, and in this form is transported
to the stem. The presence of large quantities of starch can be demonstrated
in leaves cut just before sundown, and, conversely, its almost complete
absence can he shown in leaves cut just before sunrise. At the same time
an increase amounting to 13 per cent. takes place in the weight of the leaf
during the daytime, this increase being lost during the night. Similarly
the greater part of the growth of the stem takes place during the night.

The Root System of the Cane.—On planting an eye of the cane, germina-
tion takes place and a single mother stalk forms. The underground portion
of the stalk forms itself into a rhizome or woody short-jointed prolongation
of the stalk containing at each node a dormant eye. As growth proceeds
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new shoots form from this rhizome until the whole stool of cane is formed.
< ' It is possible, too, that in the first year’s

/ - growth the shoots formed from the first

original rhizome may send out shoots

e from the rhizomes that they themselves
© . form. On cutting down the stalks at
¥ harvest the underground portion of the
plant is stimulated to send out shoots
from the dormant eyes and the first
ratoon crop begins. This process may
be repeated indefinitely, the limit of
successive crops from one planting being
very great. In this process, the original
rhizome does not necessarily die when
the first stalk is cut, and third, fourth
or even later ratoon crops may ccntain

Grownd Liag

stalks still springing from the rhizome formed from the original cutting, but
the tendency is for the older parts to die away.
Fig. 7 shows, after Auchinleck,® a combination of
rhizomes as found in a ratoon crop.

_Theroots of the cane spring from the nodes of
the stem ; they are fibrous, lateral, and very deli-
cate; they ramify in all directions, generally ex-
tending from 18 inches to 3 feet from the stem.
Stubbs? says that the roots do not penetrate very
deeply, but Ling Roth® mentions roots extending as far downwards as 4§ feet,
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and Liversedge?® states that he has seen roots as far down as 8 or 10 feet.
The depth to which roots penetrate, however, depends largely on the
nature of the soil; they extend furthest in light porous soil. In seasons
of drought the roots extend downwards following the water level; on
the other hand, in fields with a sour, ill-drained subsoil, the roots after
penetrating downwards turn back on themselves to the upper surface
soil. The cane has no tap root, and its roots have comparatively little held
on the soil. Fig. 8, after Agee, shows the development of the rect system
as found on irrigated soil in the Experiment Station at Honolulu.

cor st & cor
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Structure of the Root.—In Fig. g is shown to a scale of 1} the end of one
of the roots growing in that part of the stem of the cane below ground.
Towards the end of the root are seen numerous very fine hairs, and at the
extreme end is seen the root cap. In Figs. 10 and 11 are given longitudinal
and cross-sectional views of the root, the longitudinal view being taken
through the apical point ; rc is the root cap, m is the layer of meristematic
tissue, 7 root hairs formed from the piliferous layer on the extreme outer.
layer of the root; cor is the cortex, st the central cylinder, » a developing
wood vessel, and x a larger wood vessel.

The root cap on the exterior consists of dead cells, and is continually
being renewed from the interior by the layer of meristematic tissue from
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which also arise by a con-
tinual process of cell sub-
-rh division all the other
tissues of the root.
Function of the Root.—
The functions of the root
are two-fold: the root
hairs closely envelop par-
3. 3 : ticles of soil, thereby
S maintaining the hold of
the plant on the soil,
and, secondly, the root
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i hairs absorb water and
S BRI —  plant food from the soil
S ) and transmit it to the
: IR 2 other parts of the grow-
z ing plant.
P _ X The Flower.—The in-
v & : \\ florescence of the cane is
i\ \\\\ . a paniole of soft silky
iy Ny spikelets, borne on the
X 75 it \ end of an elongated ped-
e uncle, called the arrow,arising from the
Eigoms \ terminal vegetative point of the cane.

In Fig. 12 is given a drawing
after Cobb,? enlarged 30 diameters,
of a single flower of Lahaina cane.
At 1 is the ovary, the growth of
which produces the seed ; it is ovoid
and sessile. From the ovary pro-
ceed two styles of a reddish colour,
bearing the plumose stigmas, 2. At
3 are the three anthers which pro-
duce the pollen, that serves to fer-
tilize the stigmas; at 4 are the two
lodicules, the function of which is,
by swelling at the proper time, to
open the cane blossom ; at 5 is the
innermost palet of the cane flower,
and at 7, 6 and 8 the remaining
palet and the glumes ; at g are the 3Rag
bristles that surround the base of
the flower. It is only exceptionally
that the cane forms fertile seed. Some
varieties never flower, and others do
so only in the tropics. The age at
.which the cane flowers varies from
eight to fifteen months, and.is de-
pendent on variety and climate and
also on the time of planting. Flower-
ing takes place at certain definite
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times of the year, varying in the different cane-growing regions, and if thecane
is not sufficiently mature at the flowering time in its first year, no formation
of flowers occurs until the second year. In this way a delay of a few weeks
in planting will retard flowering for
twelve months. ;

The pollen grains magnified 360
times are shown in Fig. 13, after Will- .
brink and Ledeboer?; 4 isa ripe pollen _,
grain, shown also germinating at b; ¢
and 4 are young unripe pollen grains ;
k is the germ pore; the exine is shown
at ¢ and the intine at 4. The pollen
grains are small yellow, nearly spheri-
cal bodies ; the outer wall, the exine,
is of cork tissue and has an opening,
k, the germ pore. The inner wall, the
intine, is of pure cellulose and has no
opening. When ripe the interior of the pollen grains are filled with starch
and are opaque, but when unripe the interior is bright and transparent.
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CHAPTER 1II

Tue COMPOSITION OF THE SUGAR CANE

IN writing of the composition of the cane, distinction must be made between
the stalks and the whole plant, including therein the leaves, tops and
underground system. The composition of the former is of major interest
to the manufacturer, while the agriculturist is more concerned with the
composition of the whole crop.- ,

Distribution of the Crop as between Stalks and Leaves.—A very complete
account of the distribution of the crop as between stalks on the one hand
and tops, leaves, and dead cane on the other, was made by Maxwelll in
Hawaii in connection with a number of varieties. Excluding certain
abnormal figures, the dry matter in the stalks amounted to 45 per cent.
of the entire crop, the leaves, etc., accounting for 55 per cent. This analysis
of the crop did not take into con51derat10n the root system, which Kobus
has estimated at two to three tons of dry matter per acre, whereby the pro-
portion of dry matter in the stalks would be reduced to the nelghbourhood
of 40 per cent. of the entire product

Composition of Different Parts of the Cane.—Analyses due to Agee and
Halligan? of Louisiana cane gave the résults below s

STALKS ROOTS G SEEDS' LEAVES

per cent. per cent. per cent. per cent.
Water .. o5 W 74°96 68+79 11°03 - 74°38
Ash o3 1 0°64 1-87 522 2+23
Fat and Wax o % 0-38 0° 54 2+01 - 069
Nitrogenous bodies 0-58 I°59 847 1+70
Crude cellulose 4°86 0°58 25°51 0°18
Fibre { Pentosans 3 3°04 7+04 26-26 549
Ligneous bodies 2+ 14 4°25 2I+50 4°13
Sugars, etc. : 5 13°40 6°34 - 2420

Combining these results with those quoted in the preceding section, it is
easy to see that the very great part of the material removed from the soil
is contained in that part of the crop which remains on the land.

The Quantity of Sugar in the Cane Stalks.—The sugar in the stalks varies
between very wide limits and is affected by variety and by conditions of
growth. The earliest analyses made were those of Casaseca® in Cuba,
and the classical analysis is that due to Payen,* who, working on material
sent to France from the West Indies, and in the absence of a polariscope,
found the percentage of sugar to be 18. Other early French workers obtained
similar results, the maximum recorded being 26 per cent. It is unfortunate

12
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that these results have been copied from book to book right down to the
immediate present as general averages. In respect to single canes, the
composition will be found to lie within the limits :—Water, 69 to 75 per
cent.; Cane sugar, 7 to 20 per cent.; Reducing sugars, o to 2 per
cent. ; Fibre, 8 to 17 per cent.; Ash, 0-3 to 0-8 per cent.; Organic non-
sugar, 0-5 to I per cent. The upper limit of 20 per cent. for cane sugar
is only reached in exceptional cases, and has but once been found by the
writer in the analysis of stalks selected for special purposes.

Taking crop averages, very great differences between different districts
are to be observed.’ In the Hawaiian Islands for the years 1908 to 1915
the average sugar content of the whole crop was 14-18 per cent. On the
island of Maui, where the crop is almost exclusively irrigated Lahaina cane,
the sugar content over the same period was 15°49 per cent., the extremes
being 14:94 per cent. and 16-00 per cent. The highest plantation crop
average was 16-61 per cent., and the highest weekly average on a plantation
was 18-24 per cent. On the island of Hawaii, where the crop is almost
entirely Yellow Caledonia cane grown under natural conditions, the average
for the stated period was 13-26 per cent.,-with extremes of 1392 per cent.
and 12-%72 per cent. A

Statistics from Java are very complete. The figures for the years 1906
to 1912 gave 12-50 per cent. as the crop average over the whole of Java,
with extremes of 12-16 per cent. and 1311 per cent. Individual plantations
show extremes varying from under Io per cent. to-over 15 per cent. For
the year 1914-15 the average sugar content of the cane harvested at 151
mills in Cuba was 12-98 per cent., the extremes recorded being 100 per cent.
and 15-3 per cent., both occurring on very small plantations. Statistics
from 34 Mauritius factories for the year 1914 gave an average of 13-36 per
cent., with extremes of 1273 per cent. and 14-97 per cent.

Of the other large cane-growing districts, the occasional records that
appear from Peru indicate that the cane grown there under irrigation equals
that in the most favoured parts of the Hawaiian Islands. Australia is another
country where cane of high sugar content is found. At the other extreme
may be placed the widely separated districts of Argentina, Louisiana, and
Demerara, where a sugar content of 11-5 per cent. is probably above the
crop average.

The percentage of sugar in the cane though to a great extent dependent
on variety is also affected by conditions of soil and climate. Accepting the
identity of the varieties known as Bourbon, Lahaina, etc. (¢f. Chapter IV),
attention may be directed to the very great differences in composition
observed between these canes as grown in Hawaii and Mauritius, and in
Demerara. As varietal differences when conditions of growth are constant,
the case of the Lahaina and Yellow Caledonia canes in Hawaii may be cited,
the former containing at least a percentage more of sugar than the latter.
Among older canes of repute as of high sugar content may be quoted the
Otaheite and the light and dark coloured varieties of the Java or Cheribon
canes. To these may be added the recently introduced Badilla cane grown
to some extent in Australasia. At the other extreme come such canes as
the Cavengerie, the Salangore and the Elephant cane. Of the seedlings,
many have been selected on a sugar-rich basis, and of these there are D74 ;
P.0.J.100; B208; H1o. Others, such as D625, D1135 and Bouricius 274,
though not of high sugar content, remain in cultivation because of other
desirable characteristics.
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Distribution of Sugar in the Cane.—By far the most detailed analyses
of the cane, joint by joint, are those that have been made by Went® in Java.
One series of his analyses of ripe twelve-months old plant cane is glven
below :—

CoMPOSITION OF THE CANE JOINT BY JoINT (WENT).

Number | Weight | Sucrose |[Reducing| Number | Weight | Sucrose | Reducing
of the Sugars of the Sugars
Joint. Grams. | per cent. | per cent. Joint. Grams. | per cent. | per cent.
I 72:0 121 0-6 17 78-5 73 0-25
2 91:0 130 0°5 18 740 175 0°-26
3 110°0 137 06 T =8 (651 pare 1744 027
4 1200 14°0 o5 20 61°0 178 0-26
5 118-0 14+8 0.5 21 62°5 174 0-24
6 I14°5 I4°7 0+45 22 58-0 17:0 0-23
7 1045 152 04 23 9355 17°1 0°24
8 102°0 15°4 04 24 43°0 16-8 0-28
9 81°5 158 0°33 . 25-26 640 157 0-29
10 73°0 163 033 27—28 44°0 13°5 0+27
I : 8445 16-2 0:35 29~-30 37°5 130 029
12 81-5 16+ 5 0+34 3I-33 435 I1-6 04
13 82:0. 16+ 4 0°30 34—-36 37°0 9°9 06
X4 76*0 | 17°1 0529 37-45 435 S 1 0-8
15 82-5 17°2 0-29 Average 74°77 15°31 0-38
16 | 84°5 72 0°24

The variation in composition of the juice in the nodes and internodes
is shown in the following analyses due to Bonime? :—

Sugar, per cent. A Oy T 12°74 16°73

Nodes .. geducmg Sugars, per cent. ..  0-29 _0:28 0-31
ugar, per cent. oot 20251 16-80 19°72

Internodes { Reducing Sugars, per cent 4 0+ 60 0-84 0-48

Stubbs® gives the following as the result of analyses of twenty stalks of
purple cane :(—

Reducing
Brix. Sugar. Sugars. Non-Sugar. Fibre.
per cent per cent, per cent, per cent.
Nodes e I5°04 126 0°13 321 16°5
Internodes .. 17-40 155 0-94 0:96 80

The great variation in composition of the juice at nodes and internodes is
well shown in the examples quoted above, whereby an explanation is given
of the decreased sugar content of the juice afforded by the later mills in a
train, the more woody parts only yielding their juice at higher pressures.
The matter is further discussed in Chapter XI.

The Proportion of Sugar to Solids in the Cane.—The juice extracted in
hand mills from selected individual canes sometimes shows a purity as high
as g7. This juice comes, however, almost entirely from the pith cells and
does not represent an average. In the case of crop averages, the purity
of the “ mixed juice” in the Hawaiian mills for the years 1911 to 1914
was 849, with an extraction of 96-4 per cent. of the sugar in the cane. The
highest recorded figures for these years were over 9o, and came from irrigated
Lahaina cane. In Java, for the years 1906 to 1911, with an extraction of
go-g, the purity averaged 83°9 in the mixed juice, with many examples
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under 80. In Mauritius for the year 1914 the mixed juice was of 846 purity,
with an extraction of go-8. Not dissimilar results are to be found in Peru
and in Cuba. At the other extreme are the results obtained in Louisiana,
Argentina, Egypt, and Demerara, where, with lower extractions, average
purities but little over 8o are found. In the last-named district the writer
has experienced purities at the beginning of the crop of less than 7o.

The Reducing Sugars of the Cane.—The reducing sugars present in the
cane consist almost wholly of glucose and fructose. Both of these are
present as intermediate bodies used in the formation of cane sugar, and in
damaged and overripe cane as degradation products of the cane sugar.
At different stages of the plant’s growth the relative quantities vary. Geer-
ligs,? and Browne and Blouin? have both shown that fructose is used up
more rapidly than glucose, and that it therefore tends to disappear. In
exceptional cases it may be entirely absent leaving only glucose, as was
observed by Went.® In still rarer instances the glucose in turn is com-
pletely assimilated, so that very occasionally canes are found with no
reducing sugars ; such a case has been recorded by Wiley.1°

As the cane arrives at the mill the percentage of reducing sugars will be
found to vary from a minimum of 0-3 to a maximum of 2. The former is
found with very ripe irrigated Lahaina cane, while the latter occurs in
Louisiana, where the cane never becomes ripe, and in equatorial districts,
such as Demerara, where the crop contains material in all stages of growth.
The Uba cane grown in Natal is a variety characterized by a very high
percentage of reducing sugars.

The Fibre of the Cane,—By fibre is understood that portion of the cane
insoluble in water. The term corresponds to the ‘“ marc” of beet sugar-
houses. Browne and Blouin? found the fibre of Louisiana cane to be made
up of :—

PITH, BunDLES. Rinp.
per cent. per cent. per cent.

Ash 00 .o 5% o 1-68 3+58 1°64
Fat and Wax .. o 5 0°41 0+ 72 0:98
Cellulose (Cross and Bevan) .. 49-00 50-00 51+00
Pentosans (Furfuroids) P R o7 28+ 67 26-93
Lignin (by difference) .. 5 14°93 15°03 17°17
Protein 5 o, e 1-94 . 200 2+ 19

The quantity of fibre in the cane as it reaches the mill is distinctly a varietal
characteristic, and is also affected by age and conditions of growth. In
Hawaii, for the years 1908 to 1917, the average percentage of fibre was
12'58, herein being included that of the trash accompanying the cane.
This average refers to both Lahaina and Yellow Caledonia cane, the per-
centages in these being respectively about 11:5 and 13:5. In Cuba, where the
crop is almost entirely Crystalina cane, the crop average seldom reaches
11 per cent., and at the beginning of the season is generally below 10 per cent.
In Java, for the years 1go4 to 1912, the average was II'g5 per cent., and here
as in Hawaii the harvest is divided between two varieties, one P.0.J.100,
with a low percentage, and one Bouricius 247, with a high percentage of
fibre. In Mauritius, for the year 1914, the average of 34 mills was 12-04
per cent. The cane grown in sub-tropical Louisiana contains a very low
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percentage of fibre. The highest figure is reached in the Uba cane, which
normally contains from 16 to 17 per cent. of fibre.

The Nitrogenous Constituents of the Cane.—Nitrogen is found in the cane
as albuminoids, including herein albumen, nuclein, albumoses and peptones,
amido acids, amides, nitrogenous bases, and nitrates and ammonia salts.
Following on investigations of German origin on the beet, the five last-
mentioned constituents have received the rather inappropriate qualification
of ‘“ objectionable,” indicating thereby that they are not removed in the
processes of purification, and hence increase the quantity of molasses.
Referred to dry matter, Maxwell found the total nitrogen in leaves, tops,
and’ dead cane to be 0-521 per cent. as an average over a large number of
varieties, the extreme values being 0-427 per cent. and 0'599 per cent.
Taking the stalks alone, he found an average of 0°461 per cent., with extremes
of 0207 per cent. and 0'530 per cent. Combination of these results with
those quoted above would indicate that about 65 per cent. of the nitrogen
is to be found in the waste products, and 35 per cent. only in the stalks.

In the cane stalks themselves, Browne and Blouin? found the distribution
of the nitrogenous bodies as shown below :(—

Per cent. of Cane.

Albumen (coagurable and soluble in pepsin) .. 0+059
Nuclein (coaguable and insoluble in pepsin) .. 0°040
Albumoses and peptones (not coaguable) 0°033
Amido acids as aspartic acid A 0°145
Amido acid amides, as a.sparagme 0°232
Ammonia as NH3 83 0+ 008
Nitric acid as N20j5 0071
Total nitrogenous bodies 0+588

The identity of the nitrogenous bodies remains open to question. Shorey!?
isolated a body which he identified as glycocoll ; but Zerban!? with a similar
procedure found only asparagine. . After removal of the albuminoids, and
by precipitation with phosphotungstic acid, Shorey obtained a mixture of
lecithins, the alkaloidal bases of which he identified as betaine and choline.
The only xanthine base he found was guanine. In addition to asparagine,
Zerban also isolated glutamine and tyrosine, these two bodies being present
in much smaller quantity than asparagine.

The Ash of the Cane.—As with the other constituents, distinction must
be made between the ash of the stalks and that of the leaves, roots, etc.
Maxwell’s analyses of Hawaiian cane already referred to gave 3'2 per cent.
of ash in the stalks and g'5 per cent. in the leaves, etc., both calculated on
dry matter; and Popp!® in some very early work found 4-05 per cent. ash
in the stalks and 8:25 per cent. in the leaves.

The earliest analyses on record are those due to Stenhouse,}* and since
then very many have been made. Some analyses are vitiated since it is
not stated to what basis the analysis refers, stalks, leaves or whole plant.
A selection from the very large number on record is given below and covering
the extreme variations in composition. This variation will be controlled
by variety, the composition of the soil, and by the manures used. The only
features of constancy are the preponderance of silica in the ash of the leaves
‘and of potash in the stalks.
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CoMPOSITION OF SUGAR CANE ASH.

}

1 |2 |8|a(5!6|7]|8|9]|10|11]12]13

ey

Silica .. |56'00/1809/53°38
Titanic Acid.. 1'14] .. 69| * % =E ol L L4 - Al
Phosphoric Acid | 1'50| 9'12| 1°28 7'46/1°0 |14'7/10°63|10°78| 1°25| 5'45 7~25, 527 3'99
10
03
04

3'38128:69|78'5 52'856'76/53°54/65'78|43'75(30°32/15°70 49°52

(o] oo [CNG .o

I
Sulphuric Acid 5'34| 5°64] 5° 4°152°4 | 24| 2°60| 0°53| 2°'18|16°53/11°29 1.3-47l 9'15

7

4

{
|
I
13
1
|
|

Chlorine = .. 2°590| 5°45 8:67/0'3 | 03] 0'20[ 0°92| 1'65| 0°21| 3'08| 4°55/ 0'98

Ferric Oxide. . 647! 7°43 3'250'7 | 05 .. .. | 085| 0'56| 1°45 1'13| 360
Alumina 53 2'13/12°21| 1-81| 3°65/ .. ISV . . .. | 1703{ 0'25| 4°70
Manganese Oxide| 0°27| .. | 010 .. | .. | o e 35 ~a o S A

Lime A 562 3'85] 6:02| 4'08|4'7 | 2°7| 6°50| 3°24| 819[12'53| 5°90, 519! 3°45
Magnesia oK 4'58| 6°06| 4°42| 5'9I|2'3 | 2'1| 508 3°22| 2°45 6°61 5'II'| 576/ 2'61
Potash .. |13'44/28'9917°11/32°26/8'5 |23°0/22°56/25°63|10°69| 7°66/|31°25/38°23/17°39
Soda . 1'66| 340, 1°37| 2°70{1°7 | 15| 5'67| 2°56| 3°26| 6°45 1'17) 1°30, 085
Carbon 5t g g 1 8 o] [T 3l 38 |- o Al o s O'IGI 0'54| 2°30

1. Lahaina cane, leaves, tops and dead cane. 2. Lahaina cane, stalks. 3. Yellow
Caiedonia cane, leaves, tops and dead cane. 4. Yellow Caledonia cane, stalks, Analyses
due to Maxwell! in Hawaii. 5. Cheribon cane, leaves. 6. Cheribon cane, stalks.
Analyses due to Van Lookeren Campagne?® in Java. 7and 8. Stalks of Mauritius canes.
Analyses due to Bonime.1® 9. Leaves of Egyptian canes. 10. Stalks of Egyptian
canes. Analyses due to Popp.?®  11. Leaves of D 74 cane. 12. Stalks of D 74 cane.
13. Roots of D 74 cane. Analyses due to Hall? in Louisiana.

Organic Acids of the Cane.—In earlier researches a great number of
organic acids have been stated to be present in the cane, many of which
have not been found by later workers. The most detailed investigation
is due to Yoder,'” who, in Louisiana, found per 100 c.c. of cane juice o005
gram aconitic acid, 0'0007% gram malic acid, and 0'00004 gram oxalic acid.
He did not find tartaric, citric or succinic acids. On the other hand, citric
acid was positively identified and isolated in quantity by Shorey® from the
deposit on the tubes of an evaporator working up juice from canes in Hawaii
which had been damaged by a long drought. Acetic acid is a constituent
of damaged cane. The original recognition of aconitic as the dominant
acid is due to Behr,!? in 1877.

Gums.—These bodies, also referred to as pectin and alcoholic precipitate,
are of uncertain composition. They occur in the cane up to o'z per cent.,
and are present in largest proportion in unripe cane. They are insoluble
in acidified alcohol, and are absorbed by animal and vegetable carbons.
They are derived from the hemicelluloses of the fibre and consist chiefly of
xylan, araban and galactan. Part are precipitated in manufacture and
part find their way to the molasses.

Wax.—This mixture of bodies, first observed by Avequin,?® occurs on
the exterior of the cane. It may amount to 005 per cent. of the cane,
and in some varieties is almost absent. It has been exhaustively studied
by Wijnberg®, who finds that 70 per cent. of the crude body consists of
glycerides of oleic, linolic, palmitic, and stearic acids, together with hydroxy-
acids, resin acids, lecithins, phylosterol, aromatic and colouring matters.
The remaining 30 per cent. contains about 45 per cent. of myricyl alcohol
and 35 per cent. of a non-primary crystalline alcohol. These data refer
to the benzene soluble bodies. Cane wax has now become an article of
commerce. ;

C
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Other Constituents.—Other constituents present in very small quantities
but of technical importance are colouring matters, of which chlorophyll,
anthocyan, the blue or red pigment in coloured canes, and saccharetin are
the chief. Amongst these should also be included the tannins or polyphenols,
mainly resident in the tops and eyes ; these were first observed by Szyman-
ski,22 and have since been studied by Narain?® and Zerban?4, The latter
finds that the cane tannin or polyphenol is a derivative of pyrocatechin
allied to the oak tannins, and to be placed in Class 1a of Proctor’s classi-
fication.2 '

Various enzymes are also known to exist in the cane. Browne? found
an invertase mainly resident in the tops, and Raciborski?¢ identified a laccase
and peroxidase, to which Zerban2? has added a tyrosinase.

REFERENCES IN CHAPTER II

1. H.S.P.A. Ex, Sta., Agric. Ser., Bull. q.

2, La. Ex. Sta., Bull. g1
3. Ann. Chim. Phys., 1844, 11, 39.
4. Memoires de I’Academie des Sciences, 1850, 22, 509.
5. Quoted from Experiment Station and Government publications
6. Java Arch., 1896, 4, 525.
7. In ¢ Cultur de la Canne 4 Sucre.”
8. Stubbs’ “ Sugar Cane.”
9. S. C., 1897, 29, 207.
10. S. C., 1889, 21, 484
11. Jour. Am. Chem. Soc., 1897, 19, 881 ; 1898, 20, 113; 1899, 21, 80g.
12. International Congress of Applied Chemistry, 1912
13. Z. fir Chem., 1870, 6, 329.
14. Phil. Mag., 1845, 27, 533.
15. Java Arch., 18a4, 2, 113.
16. S. C., 1894, 26, 622.
17. Jour. Ind. Eng. Chem., 1012, 3, 643.
18. S. C., 1894, 26, 67.
19. Proc. Am. Chem. Soc., 1876, I, 220,
20. Ann. Chim. Phys., 1840, 75, 214.
21. Jour. Soc. Chem. Ind., 1912, 28, 991,
22, Berichte des Vereins Station fiir Zuckerrohr in West Java 2 13
23. Agric. Jour. of India, 1918. Science Congress issue.
24. Jour. Ind. Eng. Chem., 1919, 11, 1034.
25. Jour. Soc. Chem. Ind., 1894, 13, 487.
26. Java Arch., 1906, 14, 857.

27. La. Plant., 1919, 61, 299,



CHAPTER III

RANGE AND CLIMATE

THE influence of climate on cane culture was probably first discussed by
the Marquis de Cazaud in his ‘“ Précis sur la Canne,” published in 1776.
This work deals with Grenada, and, besides discussing climate and giving
statistics of rainfall, is valuable as presenting a very detailed account of
the agricultural operations as then carried out. A second publication is
that of Sir W. R. Rawson! sometime Governor of Barbados, who collated /-
the rainfalls of that island for the years 1842-71, and showed the dependence ¢4
of the cane crop thereon. The latest study on this matter is that of Walter,?
who has collected the very detailed records of the Royal Alfred Observatory
in Mauritius, and shown the connection between temperature, rainfall and
its distribution with the return per acre. Some of his work, which should
be studied in the original, is referred to below.

The Geographical Range of the Sugar Cane.—The cane is essentially a
plant that requires a high temperature and large quantities of water.
The limits of its cultivation are perhaps best defined as lying between the
isotherms of 68° F., which, independently of the tropics, are taken as defining
the torrid zone. North of the equator and at 0° longitude this line starts at
36° N., and follows the North African coast, gradually falling to 28° N.
as it leaves the continent and reaching this latitude at 80° E. It then runs
parallel to the equator to 120° W., when it again rises to 36° N. as it meets
the North American coast, and remains on this parallel until it meets the
longitude of Greenwich.

The southern isotherm of 68° F. at 0° longitude lies at 18° S., whence it
rises to meet the extreme west point of Africa at 14° S., and then abruptly
falls as it crosses the continent, roughly paralleling the coast line until it
reaches 25° S. It then crosses Africa in a line parallel to the equator, and,
rising very slightly over the Indian Ocean, meets the Australian continent
at 25°S., and, again running parallel to the equator, meets the Pacific Ocean
at 100° W. It then rises sharply to strike the South American coast at
16° S., and then, receding from the equator, roughly follows the coast line
to 28° S. in the centre of the continent, and rises again to meet longitude
05t 6% SE

All the cane-producing areas lie within these limits except those of Spain,
Southern Japan, and Northern New South Wales, which are located just
on their fringes.

The localities where the cane forms a staple commercial product are :—

In Asia—British India (10°-30° N.), Java (6°-8° S.), the Philippines
(5°-18° N.), Formosa (21°-25° N.), Southern China (22°~30° N.), and the
more southerly islands of the Japanese Archipelago (30°-32° N.).

O
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In Africa—Madeira (33° N.), Egypt (4°-30° N.), Natal and Zululand
(28°-30° S.), Portuguese East Africa (10°—28° S.), and Mauritius and Réunion
_{19°—21° S.).

In America—Louisiana, with isolated instances in Arizona, Texas and
Georgia (30°~32° N.), the whole of the West Indian Islands (8°-22° N.),
including therein Cuba, Porto Rico, Santo Domingo and Hayti, Jamaica,
Martinique and Guadeloupe, St. Vincent, St. Kitts, St. Lucia, St. Thomas,
Virgin Islands, Barbados, Antigua and Trinidad; British and Dutch
Guiana (6°-8° N.), Mexico and the Central American republics (8°-25° N.),
Brazil (0°23° S.), Argentina (22°-28° S.), Paraguay (20°-22° S.),” Venezuela
(0°-8° N.), and Peru (3°-18° S.).

In Australasia—New South Wales and Queensland (16°-30° S.), Fiji
(15°-21° S.), and the Hawaiian Islands (18°-21° N.).

In Europe—Spain, in the extreme south-east (36°-37° N.).

Apart from these commercial centres the cane may be found growing
as a garden plant in the Bahamas, Bermuda, Cape Colony, Mesopotamia,
Persia and Arabia.

In the middle ages Sicily, Malta, Cyprus and the Levant were the centres
of a considerable industry, and the seventeenth century saw an attempt
to grow the cane in the south of France. It still survives in these localities.
As a matter of curiosity it may be recorded that at the Great Exhibition
of 1851, Dr. Evans showed sugar made from canes grown in Surrey, England,
by Mr. H. Perkins.?

The Temperature of Cane-growing Districts.—A‘s the cane is grown in
countries widely differentiated, both as regards latitude and altitude, there
is a wide variation in the conditions under which it is produced. The hottest
localities are not those which lie at or near to the equator; such have
a temperature distinctly lower than many a number of degrees remote
therefrom. Actually the heat equator at 0° longitude lies close to 20° N.
latitude. Passing east it leaves Africa at its most easterly point, 13° N.,
and then runs parallel to the equator, crossing southern India, whence it
turns south and crosses the equator at 80° E. It remains south of the line
to 120° W., when it rises abruptly to meet the American continent at 25° N.
Crossing the continent it runs S.E. closely following the east coast of Central
and South America, and leaves the most westerly point of the continent
at 2° S. It then runs in a north-easterly direction till it again meets the
parallel of Greenwich at 20° N.

The mean annual temperature in degrees Fahrenheit and that of the hot-
test and coldest months for each five degrees of latitude are thus given by
Spitaler.*

NORTH LATITUDE. SouTH LATITUDE.
300 250 20° 150 10° 50 o 50 10° 150 20° 250 300
January  58-3 65°1 71-1 74-9 78:3 79°2 79°2 790 78:6 78:3 774 76°5 73°0
July .. 81-1 82-4 82:6 82:2 79:5 790 77:9 768 75:2 72-7 68:9 64:6 583
Year .. 68+5 74'7 78:3 793 79°5 791 78:6 77°9 77°0 75:6 72°9 69:6 65°3

These figures refer to the parallel as a whole, and generally continental
areas exhibit greater extremes than do the maritime regions. The hottest
localities occur in Africa, India, Central America and Northern Australia,
where mean annual temperatures of 85° F. are recorded.

*These temperatures refer to sea level. The U.S. Dept. of Agric., Weather Bureau, assumes a fall of 1° I'for
each 325 feet rise in altitude.
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Rainfall.—The two great climatic divisions as regards rainfall are the
marine and the continental. The marine, which also extends inland, is
characterized by heavy periodic rainfalls and by a high degree of cloudiness.
The continental, on the other hand, possesses the feature of long periods
of drought, with infrequent rainfall. Here belong the great desert areas
of Africa, Asia and northern Australia. As belonging to this type should be
placed the sugar-producing areas of Egypt, Peru, the lee side of the Hawaiian
Islands and the small area in south-eastern Spain. In all these the industry
is dependent on irrigation. In the marine climate lies the belt of equatorial
rains, within which are included the land areas of the north of South America.
The maximum fall here follows the sun as it moves across the zenith, and
hence there are two wet seasons and two dry seasons. This distribution
of rainfall is exemplified by the figures of the average precipitation at
Georgetown (Demerara) for a period of 32 years.* The dry season extends -
from mid-August to mid-November, and again from February to April,
the maximum rainfall occurring during the hottest months of the year.

AVERAGE RAINFALL AT GEORGETOWN, DEMERARA.

Month. Inches. Month. Inches. Month. Inches.
Jan. .. 6-90 May .. 10°94 Septor- it 2e S0
Feb. .. 4-86 June .. 11:88 GctRguitinloizg
Mar. .. 5°41 July .. g0z Nov., .. 565
vy, s s 4 SRR Aug. .. 6°98 Dec. .. 10°86

Monsoon Tract.—A very important climatic zone is that of the monsoons
embracing the sugar-growing areas of Java, India and northern Australia.
During the period May to October in regions south of the equator the
south-east monsoon prevails, and this period forms the dry season. From
November to April the north-west monsoon blows, and in these months the
rainfall is heavy. North of the equator the seasons are reversed, and more
remote from the equator in British India the monsoons give rise to three
distinct seasons, a cool dry winter followed by a hot dry spell, which in turn
gives way to a hot wet season lasting until the cool dry winter period arrives.

Java—In Java, which lies within this climatic zone, there is a great
difference in the precipitation .experienced in the different sugar areas,
as indicated in the following table (the mean of many years®), which also
demonstrates the seasonal regularity of the fall.

RAINFALL IN THE SUGAR AREAS OF JAVA—INCHES.

Station. Jan. | Feb. |Mar. | Apr. |[May June July/Aug.|Sept| Oct. | Nov. |Dec. | Year
Cheribon ..|17-13|14°65/14°69| 7°95!5-28|4°33 2-7210-87;-18 2° 44| 6-06/14-80/ 92-10
Semarang ..|14°61|14°13| 8-90| 7°36|5°04/3*35 3-11}2-563-70 5°39] 7°28{10°47 8590
Soerabaya ..12-0910-9810-39 6584 45|3°50[2°01/0- 83|0° 55 I:57| 4°57 9-65 6717
Pasoeroan 9-06(10- 39| 7°95| 5°12{3:032° 44‘1-10‘ +24[0- 16| 0-5I| 2-24| 6-61| 48-85
Probolmggo 9+25| 9+69! 6-10 3:98|2¢52(1:77 0-79'0-390-16 047 2+44| 6+46| 4402
Beznoeki ..|12-80j11°81| 7:09| 3:39(2° 171" 540_‘98|0'240'12 0-28| 2-24( 7:60 50-26
Banjoemas  |13°35/11°50/13° 35|10 04{7°68 5° 55 4-06|2-993-6612-17 17°13(17°95(119°43
Djokdjakarta |13+ 78|12° 48[12- 91 8-155-393-90»1-89‘1-221-50 374/ 9+57(13°90| 88-43
Soerakarta ..|12°87|12-95(11+81f 8-03(4° 224, 1-85/1- 81| 4+06{ 8-78|10°51| 8365
1\1?,(1108[1 ..|12+ 44]10- 91|10 12| 8-82|5:08/2:99|1- 61 |1+ 06|1- 22| 2-64 787 9°91| 74°37
Djember .. 14-6515 24|14° 37| 8-98|6-22/4°37(2°95/2-17|3°07| 6-30/11:26/14°17/103*75
Sitobondo ..[10-67| 8:66| 6-30 2-361-971-140-63lo-160-16 0-75/.2+05| 5°79| 40°63
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West Indies.—A second great sugar-producing region, the West Indies,
also has its climate divided into a wet and a dry season, the former as in the
East Indies coinciding with the hot weather. Thus in Cuba the rains usually
begin in May and continue to November, the period December to April
being one of comparatively little fall. This whole area is not one of relatively
heavy rain, as is shown by the statistics quoted below.$

RAINFALL IN CUBA FOR THE YEARS I907-II,—INCHES,

Province. 1907 1908 1909 1910 I19II
Pinar del Rio .. 39'75 7539 84:96 8255 78+ 61
Havana .. .s  25°05 49° 10 . 52°44 46+ 60 41°76
Matanzas .. ot 4385 5312 7374 4560 58:36
Santa Clara AT RS 55 5748 50:37 55°9I
Camaguey e — 4462 62-28 41°50 36°02
Oriente .. 5 34°31 57°34 5591 21°75 3688

In Barbados? the rainfall for the years 1898-1907 was as shown in the

table below.
RAINFALL IN BARBADOS—INCHES.

Year. Fall, Year. Fall,
1897 .o 72 1903 oo 66
1898 5% 638 1904 e 58
1899 w3 50 1905 Y 54
1900 o 60 1906 G 70
1901 x5 90 1907 fic 47
1902 45 55 1908 ok 44

In other of the West Indian Islands, notably Antigua and St. Croix, the
precipitation is normally much less and often does not exceed 30 inches
in the whole year. Trinidad, on the other hand, belongs to the equatorial
rainbelt type.

Hawaii and Mauritius.—The climates of the Hawaiian Islands and of
Mauritius and Réunion, lying equal distances respectively north and south
of the equator, present certain points of interest and similarity. The
windward side of Hawaii lies in a zone of nearly constant rainfall, the average
at Hilo (40 feet) being 139 inches per annum,® with a remarkably even
distribution ; even more than this is registered at plantations in the same
rain belt that lie at higher elevations. Thus the average fall at Onomea
at 250 feet elevation is 189 inches, and for that very wet year, 1918, it reached
308 inches. At Olaa mill, 225 feet, the average fall is 153 inches, rising
on the same plantation to 207 inches at 1530 feet elevation. At -Hakalau,
at the 1,200 foot elevation, it is 276 inches. These two last places, which
lie on the extreme upper limits of cane cultivation, are probably the wettest
where the cane is grown.

On the lee side of Hawaii and on the littoral of the other islands, Maui,
Kauai and Oahu, the climate passes to the continental desert type, with an
average fall of about 20 inches per annum at sea level. In the mountainous
interiors of all the islands the fall is very heavy. This distribution is the
effect of the moisture-charged north-east trade winds meeting the cold
surfaces of the mountains. Similarly, the north and east of Mauritius
belong to the continental desert type, the interior and south-west being in
a zone of heavy precipitation. Averaged all over Mauritius® for the 40
years, 1863-1902, the fall was 79 inches, with extremes as in Hawaii all the
way from 20 inches to 150 inches or more. In contradistinction to the
general tropical rule in these islands, it is the cold season that coincides
with the period of maximum precipitation.
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Philippines—In the Philippine Islands'® the average over the whole
archipelago is 74 inches per year. The west side presents the usual tropical
phenomenon of a wet season, May to October, and a dry season, November
to April. In the eastern half of the islands the rainfall is fairly evenly
distributed, the least rain falling in the period February to April.

In Formosa the distribution is very irregular ; at Keeling, in the extreme
north of the island, the fall amounts to 200 inches, but in other parts cane
can only be grown under irrigation.' In Tucumén, in Argentina, the fall
for the years 1855-96 averaged only 36'8 inches. In Australia, in the
northern limit of cane cultivation, the fall is about 80 inches, decreasing to
40inches at Bundaberg, near the southern limit. Fijiis a locality with a very
heavy fall on the windward side, that at Suva averaging 130 inches; the
climate there resembles that of the wet Hilo zone of the Hawaiian Islands.
Of districts outside the tropics, Madeira has an average fall of but 28 inches ;
Louisiana resembles the tropic type ; at New Orleans'! for the years 1887-96
the fall averaged 59'8 inches, the extremes being 460 and 753 inches.
Over the sugar belt the fall is rather greater, the maximum precipitation
occuring in the summer months.

Failure of Rains.—Although, when averaged over a number of years, the
fall in the tropics is very even, both as regards periodicity and quantity, the
seasonal rains sometimes fail, leading to prolonged periods of drought.
It is in India that the failure of the wet monsoon has become most notorious,
as there it causes the occurrence of periodic famines. In the belt of equatorial
rains similar seasonal irregularities are also known; thus at Paramaribo
(Dutch Guiana) the fall in 1899 was only 488 inches, the average for the
period 1897-1908 being 92'3 inches ; the next lowest fall was 76-4 inches, in
1906. The whole island of Cuba is liable to prolonged droughts, such having
happened in 1900 and 1908, and from the immensity of its production a
very disturbing influence on the sugar market follows; in fact, almost
every sugar-producing district is liable to suffer in this way. = The island
of Java seems to be most favoured in this respect if the relatively small areas
of Hawaii near Hilo, and the windward side of the Fiji Islands be excepted.
As a paradox it may be remarked that those localities that suffer least are the
very arid regions which have developed systems of irrigation, as in Peru
and the leeward sides of the Hawaiian Islands. On the other hand a great
excess of rainfall may fall in a short time. Falls of 10 inches in a day do
not excite comment in many parts of the tropics, and falls of as much as
20 inches in the same time are not uncommon ; what is one of the greatest
falls on record occurred at Suva in Fiji, on August 8th, 1906, when 41 inches
fell in 13 hours. Prolonged spells of wet weather are also common, but the
damage they occasion is but small compared with what is due to a prolonged
drought.

Rainfall and Altitude—Besides latitude, altitude has a great effect on
rainfall, which invariably increases with elevation. The effect of altitude
is shown in the following statistics dealing with the widely separated localities
of Barbados, Java, and Oahu in the Hawaiian Islands.

BARBADOS—AVERAGE OF YEARS 1841-72,

Altitude, feet .. .. 6-200 200-400 400-600 600-800 800-1,000 Over 1,000
Rainfall, inches Sty 7 () 46-0 520 58-5 586 70°3
Number of Stations .. 22 22 9 14 v B 2
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HONOLULU, FOLLOWING THE NUUANU VALLEY,

Altitude, feet .. i $3 (20 400 860
Rainfall, inches - .. 24-36 Q0 143
RAINFALL AND ALTITUDE IN JAVA.
Meester Posen Bodjong Buitzen

Locality Batavia Cornelis Mongo  Depak Geelis borg
Distance from coast, miles 4 7 Tt 21 27 36
Altitude, feet .l R e X 46 116 304 429 874
Rainfall, inches .. SR 71 96 120 146 174

Percentage of Moisture.—Connected with the rainfall is the humidity,
and it naturally follows that places with heavy rainfall also have a humid
atmosphere. Proximity to the sea is another important factor. At
Honolulu, in a dry locality and near the sea, the average relative humidity
for the year 1901 was 700, with extremes of 67°2 and 76:6. At Batavia,
both wet and near the sea, the average for the years 1866-1900 was 82-8,
with monthly extremes of #7-5 and 87-5.

The percentage of sunshine is another climatic factor of influence. It is
least in the marine type of climate, and over the belt of equatorial rains
only amounts to 45 per cent. of the possible, rising to 8o per cent. in localities,
such as Egypt, that belong to the continental type.

Wind.—A climatic factor of a different type is that of wind. Generally
the trade winds typical of the tropics blow with a steady velocity of about
10 to 20 miles per hour. When the wind reaches a steady velocity of 30
miles per hour a cyclone is officially recorded in Mauritius, and this island
and the near-by one of Réunion are those which are most subject to these
disturbances, the centres of forty-three cyclones having passed within one
hundred miles of Mauritius during the years 1857-19g08. Some cyclone
damage obtains in Mauritius about one year in three, the cyclone of May
29th, 1892, being one of the most destructive ever recorded. All of the West
Indjes, with the exception of Trinidad, lie in the hurricane belt of the
Caribbean Sea, while Formosa is exposed to the typhoons of the China seas.
The Philippines just come within this region, and the crops there are occas-
sionally damaged.

The Effect of Climate on the Cane.—The influence of temperature on the
physiology of the cane is very complex. The rate of growth, the time to
maturity, and the composition are all affected. In the more equatorial
areas the temperature variation is so small that differences in the rate of
growth are hard to detect. In the districts more remote from the equator
the influence of the cold season is pronounced. Measurements made in
Hawaii by Eckart!? on a large number of varieties indicated that during the
cold season the length of internodes was generally more than 30.per cent.
and less than 50 per cent. of those formed in the hot season ; the diameter of
the stem was also less. The period taken for the cane to ripen is also depend-
ent on temperature. In Demerara, Bourbon canes planted in December
will arrow in the following September; in places lying near the tropic
thirteen months is a common time. Walter!3 has observed that in Mauritius
canes planted near to sea level reach maturity in thirteen months, whereas
those planted at the 1100-foOt level require twenty-one. From a zero of
70° F. he has calculated that in these periods the canes receive the same
quantity of heat; that is to say, the product, ““ days X excess daily mean
over 70° F.,” is the same, and in this case has a numerical value of 1350.
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The temperature range has a very important bearing on the composition
of the cane. In those places that have a uniformly high temperature
and no cool season, an impure cane of low sugar content and high in reducing
sugars is almost invariably harvested. In such a case there is opportunity
for continuous vegetative growth, and the crop as it reaches the mill will
consist of canes in full vegetative vigour, of ripe, and of over-ripe canes.
The non-sugars present will consist of products in process of metabolic
change, and of degradation products formed from the breaking down of
the cane sugar. In extra-tropical climates, such as in Louisiana, the
limited period of growth affords a cane that does not have an opportunity
to reach maturity. A juice low in solids, sugar and purity, and high in reduc-
ing sugars, results, the latter bodies representing material in course of trans-
formation to cane sugar. A sweet and pure cane is found in those regions
where a longer period is taken to maturity, combined with a season sufficiently
cold to check the vegetative vigour of the plant, whereby its energy is directed
towards the elaboration into cane sugar of material already in the process
of transformation. Those localities lying on the confines of the tropics
present these conditions, and when, as in the arid districts of the Hawaiian
Islands and of Peru, water can be withheld from the plant and that in the
plant can be transpired, the sweetest and purest material results.

The writer is aware of only one attempt to correlate temperature and
composition, and this was made by Michaud! in Costa Rica. With due
regard to the elimination of experimental and of personal error, he caused
ripe canes of the Red Ribbon variety to be collected at various altitudes,
the temperatures of which were known or could be intérpolated. The latitude
of Costa Rica is 8°~11° N, its coast line lying on the heat equator, and though
the influence of rainfall is not included, the results tabulated below, with
one exception obviously abnormal, agree with the remarks made immediately
above, regarding the effect of temperature as controlled by latitude.

EFFECT OF TEMPERATURE ON THE COMPOSITION OF THE CANE (MICHAUD).

Temper- Sugar Water Sugar Solids
Altitude  ature per cent. per cent, per cent. per cent, Purity
feet Ee cane cane juice juice
-5,937 625 1560 72°43 18+ 76 2208 84°99
5,379 645 15°59 7324 18+71 20-80 89-98
4,547 66-0 16+38 71+96 19° 84 22421 8936
4,195 680 16-45 71+34 20°1X 2121 94°83
3,641 70+0 1663 71*20 20°32 22°10 91°95
2,844 72+5 17°00 71+34 20°42 24+ 60 82:99
2,361 74°5 17-38 73°94 20° 50 2198 93°29
1,148 78:0 16+ 80 74°00 19- 88 20°98 94°77
718 79°0 1606 74+60 ° 18:92 20+ 86 9068
.33 8o:5,

14°45 75+38 17+08 18+ 60 91+85

The effect of rainfall on the crop is more than a matter of the total fall,
its distribution being of equal importance. It is at once patent that a fall
of To inches in 24 hours is less beneficial than five precipitations of 2 inches
separated by weekly intervals. Walter!® in discussing this subject intro-
duces the terms ‘‘ inefficient rainfall ” and *“ degree of wetness.”” The latter
he defines as R#!/¢ where R is the rainfall, ¢ is the days in a month and #
is the number of rainy days in that month. The Mauritius statistics as
collated by him for the period 1892-1905 are given below, as they serve to
demonstrate the combined effect of ram and temperature on the crop
harvested.
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INFLUENCE OF CLIMATE ON MAURITIUS CANE CROP (WALTER).

Metric tons

Rainfall, Degree Number Temper- of cane per
Year. Oct.-May. of of rainy ature arpent

inches. wetness. days. e (1'043 acre).
1892 4397 2745 133 76+8 1485
1893 45°21 32-13 163 TS 2528
1894 38-76 22° 31 137 747 16-27
1895 44+ 00 31°53 132 76+ 0 22°15
1896 69- 78 4126 126 756 21-32
1897 15746 7+ 62 94 759 6-63
1898 37°67 2433 146 765 2503
1899 3543 2253 119 762 20°99
1900 27454 16° 40 127 7647 2221
I90I 40°05 2049 122 76-0 1638
1902 41-18 26-87 137 754 17:99
1903 4389 29°25 137 766 2619
1904 34°+26 23401 | 148 748 14°34
1905 5I+60 42-63 150 ° 757 23+99

The question is, however, more complicated than this, and is controlled
by other factors, which are also discussed by Walter. The effect of rain
or drought in one year may continue into the next, and there is also a ten-
dency for small crops to follow heavy ones. This is not so much a question
of temporary soil exhaustion as that a large crop means a long period for
harvest, with a reduction in the time available for the next growing season,
when the crop consists mainly of ratoons.

Other observations on record are those of Rawson! in Barbados, who,
from a study of rainfall statistics, showed that it was possible to foretell
the return of sugar per acre within an error of 6:6 per cent., when the rainfall
for the preceding twelve months was known. Similarly, Maxwell Hall
in Jamaica observed relative productions per acre of 1441 and 1559 as
corresponding to rainfalls of 56 and 76 inches respectively.

It would not be unreasonable to suppose that those areas lying in a zone
of nearly constant rainfall would afford a cane of low sugar content. Such,
however, is not the case. The average precipitation on seven plantations
in the Hilo rain zone is 173 inches ; that on six plantations adjacent to, but
outside the zone, is 84 inches. Averaged over ten years the sugar content
of the cane grown on plantations in this rain zone was 13-05 per cent., that
of the plantations in the comparatively dry area being 1322 per cent. The soil
conditions and varieties of cane grown were nearly identical, and at the
same time the drainage was very rapid.

On the other hand, the effect of heavy rains during the crop season is
seen in a diluted juice for several days after the fall. If there is no decrease
in the purity, no loss of sugar but only a dilution is indicated ; a new growth
starting will cause the consumption of sugar in metabolic processes.

Connected with the question of heavy rainfall is the possibility of larger
quantities of combined nitrogen being afforded to the crop. The most
detailed statistics on this matter are those of Lawes and Gilbert made at
Rothamsted in England, where they found on an average 4-92 1bs. of com-
bined nitrogen in the yearly precipitation. Elsewhere most varied results
have been found. The greatest quantity of nitrogen as ammonia recorded
in a year has been found in Venezuelal® and in Tonkin!?, where 14-05 and
13-601bs. nitrogen respectively have been observed. The greatest quantity
of nitric nitrogen recorded was also in Tonkin and equalled 1470 Ibs. nitrogen
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per acre; the next highest figure is from Réunion!® and only amounts to
6-241bs. per acre. In great contrast to these figures are the minima recorded
from East Javal® and amounting to only 1°13 lbs. of ammoniacal and o735
Ib. of nitric nitrogen. In one and the same place also there are large yearly
variations. Thus, in Tonkin during the years 1902-08 the ammoniacal
nitrogen varied from 325 to 1470 lbs., and the nitric nitrogen from 395
to 1360 lbs. It follows, then, that no definite figure can be given, as the
quantity received may vary from 2 to nearly 30 lbs., the probable amount
being in the neighbourhood of 10 lbs. Whereas the ammoniacal nitrogen
is derived from the degradation of organic matter, notably that contained
in the sea, that which occurs as nitric may be largely the result of atmospheric
electrical discharges ; this connection, after having once been accepted and
then discounted, has received support by Capus!? following on a study of
results obtained by Aubray!® in Tonkin.

The main effect of drought on the cane crop is, of course, reduction in
tonnage ; what crop is harvested will contain a high percentage of fibre
due to the restricted length of the internodes, and to the evaporation of
water from the cane by increased transpiration.

The humidity of the atmosphere is another factor that bears on crop
production, and as it grows less the greater becomes the quantity of water
that is transpired fromn the leaves, and the greater becomes the demand on
the soil supply. Early writers observing that the bulk of the cane culti-
vation was near the coast attributed a specific effect on the cane to the
saline breezes and maritime climate.

Thus Wray*® writes :—

““ The climate most congenial to the cane is of a warm and moist character,
with moderate intervals of hot, dry weather, attempered by the refreshing sea
breezes. It has been found to grow most luxuriantly on islands and along the sea

coasts of the mainland, which leads us to conclude that the saline particles borne
on the sea breeze exercise a powerful effect on the growth of the cane.”

Delteil!* expresses himself in terms similar to those used by Wray :—

““ The sugar cane originating from India and Eastern Asia demands a warm,
moderately moist climate, with intervals of dry heat; it loves sea breezes because
of the particles of salt which are carried to the fields and increase their fertility.”

According to Bonime :—15

“ A warm and moist climate is most favourable to the growth of the cane,
and it is on islands and the sea coast that the most luxuriant plantations are to
be seen, for it is here that are found together the conditions of heat and moisture
demanded for its greatest development.”

Stubbs, in commenting on this idea, is most certainly right in attributing
the maritime position of many sugar plantations to economic reasons.
An inland sugar estate in most tropical countries would be deprived of means
of access to the world’s markets. Where a local market exists, the cane is
grown successfully in districts remote from the sea, as in Queensland, Argen-
tina, Brazil and India. Some insular districts, such as the arid parts of the
Hawaiian Islands, have a climate of low humidity, and the same is also the
case in the dry parts of Peru, both of these places producing, under irrigation,
the largest crops on record. : ,

A factor that has influence on the composition of the cane is that of direct
sunshine as bearing on the process of change known as photosynthesis.
The experiments of Went in Java are referred to in Chapter I, and the factor
may reasonably be of some moment in the wetter districts, and may account
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in part for the low percentage of sugar in canes grown in the equatorial
rainbelt.

The remaining climatic factor to be considered is that of the winds, the
chief effect of which is concerned with the removal of soil water. The
more frequently the stratum of air over the soil is removed the greater is
the evaporation. The point of the compass from which the wind blows is
also of consequence. When the wind blows from the sea to the land air
heavily laden with moisture is conveyed thereto, whereby the soil evaporation
is lessened. It is probably for this reason that the surface evaporation
from shallow exposed vessels is smaller in Demerara than would be expected
from temperature conditions alone. Here it reaches 35-21 inches per annum,
compared with 31-04 at Oxford and 88-28 at Bombay.2? In Demerara the
prevailing winds are the north-east trades blowing from the Atlantic Ocean,
with no mountains to intervene and cause a deposit of the air-borne
water as rain. Maxwell®® in Hawaii found that 120 sq. ins. of exposed
area evaporated in 270 days 33,480 grams of water, the relative humidity
being 79'5, and the average temperature 79'5° F. Under equal conditions,
but with the water protected from the wind, the evaporation was equal to
12°I inches per annum. To a certain extent the evil effects of winds may be
mitigated by the judicious planting of windbreaks.

Crop and Planting Time,—The combined influence of rainfall and tem-
perature determines the harvest and planting seasons. The harvest takes
place in the dry season, and mainly after the cane has reached maturity.
In those localities that have a cool season, the harvest time is coincident
therewith, and its duration is limited by the commencement of the rains,
which not only mark the beginning of the period of vegetative activity,
but also render haulage operations impossible. Conversely, the rainy season
is selected for planting, and the amount of rain falling in a period also
determines the possibility or not of ploughmg operations. The harvest
time of the principal cane-growing districts is as follows :—

Cuba and the West Indies—December or ]anuary to June.

Java—May to November.

Mauritius and Réunion—August to December.

Louisiana—October to January.

Hawaiian Islands—December to September.

Peru—October to February.

Brazil—October to February.

Argentina—June to October.

Egypt—December to March.

Queensland— June to November.

Mexico—December to May.

Philippines—December to March.

British India—January to April.

Spain—March to May.

Formosa— January to May.

Fiji—June to November.

Madeira—February to May.

Natal and Portuguese East Africa—May to November.

British Guiana has two and sometimes three crop seasons; the main
harvest is from September to December, with a short season in May
and June and an occasional one in March.
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The harvest season generally extends over a period of four to six months
and exceptionally in the arid localities may be continued over the whole
year with such stops only as are required for overhaul and repairs. At the
beginning of the crop an unripe cane of lower sugar content is harvested ;
the percentage of sugar gradually increases and is usually at a maximum
" in the third and fourth months of harvest, after which it decreases as the
cane becomes over-ripe. Taking Cuba as an example, in December the
cane will contain from 10 per cent. to 11 per cent. of sugar, the maximum
of 14-15 per cent. being obtained in March and April, after which a fall
occurs, which is veryrapid if the crop is prolonged after the seasonal mid-year
rains fall. Tt is easy to see that the combined questions of factory capacity,
capital cost, duration of harvest, and yield per cent. on cane form a most
important economic problem, which is usually further complicated by a
deficiency in the labour supply.

The ideal distribution of rainfall and temperature for an annual cane
crop in the northern hemisphere would be somewhat as follows. During
the crop period, for example from December to April, a cold dry season
should prevail with showers of sufficient frequency to maintain the vitality
of the cane without interfering with the harvest operations. During the
next six months, or from May to October, there should be a high temperature
combined with a heavy and well distributed precipitation. The rains
should fall at the rate of about two to three inches per week with absence
of excessive falls or of prolonged periods of drought. For one month prior
to harvest the rainfall and temperature should both decrease in order to stop
the vegetative growth and allow the cane to ripen, but complete absence of
water is not desirable. Finally, it may be mentioned that early rains after
harvest give a cane that itself ripens early.

Variety and Climate.—Most varieties of cane attain their maximum
growth in the more essentially tropical districts. Some varieties,' on the
other hand, fail entirely when removed from these latter districts, and
others, such as those peculiar to northern India, do not succeed in the tropics.

It seems probable that adaptability to a colder climate is a characteristic

-of the red and purple canes. In a subsequent chapter it will be shown that
the light and dark Cheribon (Transparent, Bamboo, &c.) canes in all pro-
bability originated from striped canes. Stubbs?¢ states that in the relatively
cold climate of Louisiana a plantation of striped canes if not renewed tends to
pass into one of all purple canes, and he classes this phenomenon as a case of
the “survival of the fittest,”” attributing to the purple colour a greater
capacity to absorb heat.

The cane known as Cavengerie, Port Mackay (in Mauritius), Louzier (in
Argentina), Po-a-ole (in the West Indies), is also another instance of a dark-
coloured cane being adapted to a cold climate. In the less tropical portions
of South America this variety is one of the canes most widely grown.

In the Hawaiian Islands, the Lahaina cane forms the bulk of the crop on
the irrigated plantations in the arid districts, chiefly at a low altitude;
it is replaced by the Yellow Caledonia on the rainfall plantations situated
mainly at a higher level, and hence with a colder climate. A peculiar case
of suitability to climate is to be found in the D 74 cane, which has conferred
so great a benefit on the Louisiana industry ; suitability to the climate of
Louisiana is in this case due to the early maturity habit of the variety.
The adaptability of a variety to a cold climate does not always imply that
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it will fail in a hotter one, as the purple cane of Louisiana formed for many
years, under the name of Cheribon, the standard cane of tropical Java.

A further instance of the connection between variety and climate is to be
found in the success of the Uba cane in extra-tropical Natal and Madeira,
localities unsuitable for the growth of the canes of the Otaheite type ; in fact
it may be said that every locality is suited for the growth of one or another
variety to its best advantage.
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CHAPTER .TY¥

VARIATION IN THE CANE AND CANE VARIETIES

IN the various systems of classification, plants are divided and subdivided
into related groups.

There hence appear such.terms as Family, which includes a number of
Orders, comprising in their turn Genera, which are again divided into Species.
In more detail still a species can be divided into a great number of Varieties,
each of which can be distinguished and recognised by certain minor char-
acteristics, which are not of sufficient importance to raise the variety to the
dignity of a species. Within a variety may be found a Strain, a term which
is often used to apply to characters fixed by artificial selection. A typical
example of a strain is to be found in the beetroot, in which by continually
selecting plants rich in sugar as mother beets several very sweet strains have
been acquired.

Following Hackel the genus Saccharum is divided into four sub-genera :
Eusaccharum, Sclerostycha, Eriochrysis, and Leptosaccharum. These four
genera include in all twelve species which are in their turn subdivided into
a number of varieties. The cultivated sugar cane is termed Saccharum
officinarum, and is divided by Hackel into three groups.

(a) Genuinum. Stem pale green to yellow, darker yellow near the
ground. Leaf grass-green, underside sea-green.

This group is again divided into (1) Commune, (2) Brevipedicellatum.

(0) Violacewm. Stem, leaf sheath, lower side of leaves, panicle, violet.

(c) Litteratum. Stem dirty green or yellow, marked with dark red
stripes at equal intervals.

The inclusion of Litteratum as a sub-group is to be deprecated. The
Term was first used by Hasskarl? with reference to a striped cane in Java.
There are, however, many striped - varieties with many combinations of
colour. As shown later, these striped canes are to be regarded as chimeras,
and arise from self-coloured canes, and in turn themselves afford self-coloured
canes as sports or bud mutations.

From the seventeenth century onwards the sugar cane has been fre-
quently described by botanists, and very considerable confusion has arisen.
Generally in the older literature three varieties of the sugar cane are referred
to :—S. officinarum, S. violaceum and S. simense. As used by Tussac,?
S. violacewm refers to a cane with a violet stem, the purple Batavian cane,
and in this sense it is also used by Humboldt? and some other early writers.
The term should, however, be confined to a sub-group characterized by the
possession of violet leaves. This property is not uncommon, and may
be found in a certain degree in the Badilla cane at present cultivated to some
extent in Fiji and Australia. It also occurs amongst some canes indigenous
to the Hawaiian Islands and still growing there in isolated districts. The
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cultivation of this variety is now confined to specimens preserved in botanic
gardens. The variety S. sinense is due to Roxburgh,® who, however, did
not regard it as a variety, but as a distinct species. He based the distinction
as lying in the decompound and super-decompound branches of the panicle,
as opposed to the simple and compound branches of S. officinarum. A
second difference on which he did not lay so much stress is the possession
of a small inner scale or valve in the corol. This variety or species was sent
from China to Calcutta by Mr. A. Duncan in 1796, and was once grown to
some extent in India. It is now apparently lost or merged in other
varieties.

Roxburgh’s original drawing of S. sinense, or a very early copy thereof,
is to be seen in the Kew Herbarium,

The term ‘‘ Chinese cane ”” has been applied to this variety, and also
to the Sorghum, another sugar-producing grass.

In this chapter variety is used in the sense of members of the same species,
such members being capable of recognition by certain characteristics,
which are maintained indefinitely when the variety is propagated asexually.

A variety of any plant, when once established, may be propagated
sexually through seed, or asexually through cuttings. When propagated
sexually, the seedlings may come true to seed, as is generally the case with
many grasses such as wheat, barley, oats and rice. With the cane, however,
every seedling is distinguishable from any other and thus forms a new
variety. If, however, a variety of the sugar cane is propagated asexually
by cuttings, the descendants show very little tendency towards variation.
In fact the term descendant is barely proper since the life of the plant is con-
tinuous, and the millions of stalks that may arise in a few years from a single
original cutting may be regarded as obtained by a process of layering.

Sexual Variation in the Cane.—The earliest reference to the flowering
of the cane is to be found in Rumph,® who writes “ Flores semenque nunquam
prosert, nisi per aliquot annos stetent in loco saxoso, tumque panicula
ingens arundinacea suprius excressit.” This statement, however, seems to
refer to the tasseling or arrowing of the cane, and not to the fertility of the
seed, as is generally stated. Similarly, it has been stated that Bruce,”
-the African explorer, saw seedlings in Abyssinia, but his statement reads :
“T apprehend that they [i.e., the sugar cane| were originally a plant of the
old continent and transplanted to the new upon its first discovery, because
here in Egypt they grow from seed.” The context shows that this statement
was made with reference to Latitude 29°, and he does not state that he had
actually seen seedlings, but apparently reports from hearsay.

Not many years later, Cossigny® had stated that the cane bore fertile
seed, and had recommended to the French Government that experiments
be made in Mauritius with the object of obtaining new varieties by seminal
variation.

The earliest analysis of the cane flower is perhaps that due to Peterkin®
(x789), which is, however, very imperfect. He assumed the fertility of the
cane without giving any evidence therefor. Later descriptions were given
by Dutréne'® (1790), Tussac® (1808), Bonpland'! (1815), Macfayden?? (1832)
and Schacht® (1859), whose description is the most detailed. No one of
these writers saw or obtained seedlings, and Tussac, who repeatedly tried
to obtain them, surmises that the cane had lost its fertility by having been
propagated for many generations asexually. The fertility of the cane was
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definitely established in May of 1858,* when an overseer at the Highlands
Plantation in Barbados saw and recognised seedling canes growing in the
field. He reported their presence to Mr. J. W. Parris, the proprietor, who
grew these self-sown seedlings to maturity, and afterwards grew four and
a half acres of seedling canes. This discovery was put on record in the
Barbados Liberal of February 12th, 1859, and was confirmed shortly
afterwards by several local planters. The question was followed up by
Drumm?! in Barbados, who experimented in hybridization, and devised the
method of ““ bagging ”’ the inflorescence referred to later. It does not appear
certain that Drumm ever obtained hybrids, though his communications
on the matter in the local Barbados press obtained wide publicity in the
Sugar Cane, the Produce Markets Review, and in Australia.

In 1862 self-sown seedlings were also observed in Javal®; in 1871

these were obtained of intent by Le Merle!® in Réunion, and about the same
time the Baron da Villa Franca wrote as if the fertility of the cane was a
matter of common knowledge in Brazil. All these observations, however,
were forgotten, and systematic research work dates from the re-discovery
by Soltwedel in Java in 1888 and by Harrison and Bovell in Barbados in
1889. .
%ong previous to this, however, it is possible that seedling selection had
been practised by primitive peoples, and it is almost certain that it was as
seedlings that some of the cultivated varieties of cane were originally segre-
gated by some intelligent and observant savage. Mr. Muir has told the
writer that he saw, during his travels in search of a parasite for the Hawaiian
beetle borer, such a process obtaining amongst the New Guinea natives.
A seedling cane, or any newly introduced sexual variant, is then in no wise
different from any of the older varieties, the sexual origin of which has been
forgotten.

In Java at first the fertility of the cane was regarded as of academic
interest only, since it was believed that the Black Cheribon cane had reached
commercial perfection. The development of the Sereh disease in the 'nineties
was the stimulant to the use of this method of research in order to obtain
improved varieties. In the British West Indies research was begun at once,
and was mainly undertaken by Harrison, by Bovell, and by Jenman. Per-
romat in Mauritius was also an early worker. A number of years elapsed
before Eckart started his experiments in Hawaii, as here also at first a
stimulus was wanting. Other workers in this field have been the Littée
brothers in Martinique, the Hambledon Mill in Australia, the Diamond
Plantation in Demerara, and more recently the Louisiana State Experiment
Station at Audubon Park, and the Experiment Station at Tucumdin, Argen-
tina. A large number of seedlings has also been grown at the Soledad
Estate of Mr. E. F. Atkins in Cuba by Mr. R. M. Grey, but the results have
not been made public. The last cane-growing district to fall into line is
also the doyen of all, namely, India, and here Barber and Venkataraman!?
have initiated a series of studies equally valuable from the academic and
the utilitarian aspect. -

Methods of obtaining Seedlings.—The methods under which seedlings
are obtained are :—

*A statement in the * Transactions of the Agricultural and Horticultural Society of India\”’ (1838, 3, 303,
reads as if cane seedlings had even then been experimentally propagated in that country In Ure’s “ Dictionary
of Arts and Manufactures,” of date ¢, 1845, the statement is also made that “ in India it grows to seed.” 1 have
been unable to confirm or refute these statements.

D
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ga) Self-fertilization~This only occurs when the variety in question
produces fertile pollen, and is only certain when but one variety is under
cultivation, or when the flowering season of different varieties is separated,
or when the flower is protected from wind-borne pollen by devices such as
muslin bags.

(8) Cross-fertilization or Hybridization—Several methods are employed.
Drumm in 1869, in Barbados, put the flowers of different varieties
together in muslin bags and then scwed the arrows separately. The
female parent of any resulting seedling is then known, but the male parent
may be either of the two varieties bagged. ]

To avoid the inconvenience of bagging the inflorescence, canes of different
varieties are planted in alternate rows, or in chess-board fashion, when again
an uncontrolled cross-fertilization may arise. In this method the number
of possible male parents is the number of varieties which possess fertile
pollen.

The observation that some varieties do not produce fertile pollen led
Kobus to initiate the use of such varieties as the female parent ; and when
Drumm’s technique-is followed, or when only two varieties are grown or
are in flower simultaneously, hybrids of ascertained parentage result.
Sterility of the pollen is, however, only relative, and in this procedure some
element of doubt remains.

The only sure method of obtaining seedhngs of controlled parentage

followed by subsequent impregnation with the pollen of a second.

This was first done in 19o4 by Lewton-Brainl® in Barbados, and by
Mitchell'® in Queensland. In performing this operation an immature in-
florescence of the variety destined to become the female parent is selected,
and during a working day the stamens are dissected out from as many single
flowers as is possible. The rest of the inflorescence is then removed and the
emasculated flowers protected from adventitious pollination by enclosure
in a fine muslin bag. After the stigmatic plumes have become ripe, pollen
from the variety selected to be the male parent is dusted on with a fine
camel’s hair brush.

The skill required, the uncertainty of the results, and the small number
of seedlings obtained, have prevented the extended use of this method as a
means of obtaining new varieties, though it is being followed up now in Java
and in the British West Indies in a study of the application of Mendelian
principles to cane breeding.

In obtaining seedlings from naturally fertilized seed, it is customary
to collect the inflorescences when the spikelets begin to fall naturally. The
tassels are then hung up to dry, and after a few days the spikelets fall off,
or can be easily detached. After one or two more days’ drying they are
ready for sowing. The seeds are sown in boxes. In Hawaii it is customary
to use a rich vegetable mould collected from the neighbouring forest ; this
is sterilized by boiling to kill seeds of other grasses. In India fine horse-dung
is' well watered and any seeds present allowed to germinate. It is then
stored and when required for use mixed with equal parts of fine river sand.
The seeds generally germinate in less than a week, and when about two
months old are ready to be transplanted to flower pots or wicker baskets,
and eventually are planted out in the field, after which the process of selection
begins. ¥
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Inheritance in Seedlings.—In attempting to discuss inheritance in cane
breeding, it must not be forgotten that the older varieties of canes whence
the seedlings themselves are descended are also seedlings and the descendants
of seedlings. Accordingly, the study of inheritance from a variety should
not begin until the type has become fixed by repeated selection of generations
of self-fertilized seedlings. Another difficulty arises, since it is by no means
sure that what is considered a variety is by any means a pure strain. Self-
fertilized seedlings have a great tendency to resemble the parent, and, as
pointed out by Harrison,?? a plantation originally Bourbon (to mention one
example), in the course of time may become, if long periods of ratoonage
are allowed, a mixture of Bourbon and Bourbon-descended seedlings.

Apart from these considerations there appears to be much difference of
opinion. In the first edition of this book the statement was made: * The
factors governing the properties of seedling canes have been studied in great
detail by Harrison and Jenman?* and by Went and Prinsen Geerligs.22
Briefly it appears from their work that the cane is enormously subject
to variation, and that there is but little tendency towards the inheritance
of the properties of either parent.” This statement does not now appear
to be true, looked at in the light of later more detailed study, as is evident
from the abstract of Harrison’s work given further on. Any confusion
which may arise would seem to be due to the differences in results as obtained
from hybridized and inbred seedlings.

In Java more definite statements on inheritance have been made, and the
standpoint there appears to be as follows :—

‘“ Pure-bred seedlings always inherit the character of the parent cane to a
marked degree. That is to say, the seedlings whose parents are both of one and the
same variety will possess the characters of that variety, and if pure breeding is
carried on for several or more generations there will be no marked deviation from
the characters of the original variety. Pure breeding, therefore, should serve to
perpetuate any desired strain.

*“ The seedlings resulting from a crossing of two varieties of cane rnay show
great variations among themselves, but each of them will show either a combination
of the characters of the parent canes or characters intermediately between those
of the parent canes, and none of them will show characters foreign to both parents.
If, for example, Cheribon and Chunnee are crossed, a great variety of canes may be
obtained ; but they will all range between the two parents, none will have leaves
broader than those of Cheribon or narrower than those of Chunnee, and likewise
none will have sticks thicker than those of Cheribon or thinner than those of
Chunnee.

‘“ If a hybrid variety is close-bred the resulting canes will all possess the mixed
characters of the hybrid parent and there will be no reversions to the unmixed
type of either grandparent. A hybrid variety from its very inception, therefore,
is considered a fixed strain, which, if bred close, will always come true from seed.”

TuE WoORK OF HARRISON AND HIS COLLEAGUES.

At the West Indian Agricultural Conference, 1912, Harrison, Stockdale
and Ward presented a paper—‘‘ Sugar Cane Experiments in British Guiana ”’
—which contained an account of the development of the methods used and
results obtained by Harrison and his co-workers. The following pages are
based on this report.

1. Early in his studies Harrison found that certain canes of little value
as sugar producers—the Kara-Kar-awa, the Brekeret—were prolific parents
under such conditions as rendered cross-fertilization very improbable, a
view afterwards definitely established for the first-named variety. The
majority of seedlings obtained (two thirds at least) resembled the parent,
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but others presented wide variation. This observation led Harrison to the
conclusion that cross-fertilization was unnecessary for the object of the work,
and therefore this method has been little used by him.

2. It was soon found that, although the Kara-Kar-awa and Brekeret
were prolific parents, there was little probability that any of their progeny
would become valuable as sugar producers. This observation was also found
to be true of seedlings of these varieties, so that eventually Harrison reduced
his parents mainly to D 625, Bourbon, White Transparent, and Red Ribbon.

3. Of these four varieties it is observed :—

‘“ The following generalizations can be made of certain of the economic char-
acteristics of the progeny of the parent varieties :— .

D 625.—Vigorous seedlings, juice generally richer than that of the parent,
flower and seed sparsely ; ratoon well and resist drought.

Bourbon.—Proportion of selected seedlings low ; the seedlings suffer very badly
in drought ; liable to fungoid disease ; ratoon only moderately ; some flower and
seed freely, others sparsely.

White Transparent.—Seedlings generally rich in juice ; grow well as plants,
but are poor as ratoons and rapidly deteriorate ; flower and seed very freely.

Red Ribbon.— Juice generally rich ; flower sparsely as a rule; good drought-
resisters.

These generalizations are based upon our lengthy experience with large num-
bers of seedling varieties. Our accumulated evidence as to the severa! economic
characters of the different seedling varieties remains to be analysed.”

5. The method of selection of the seedlings is as follows :—

* First selection of parent varieties for seed producers ;

Second selection of the more vigorous of the seedlings obtained from them for
field propagation ;

Third selection of the varieties growing under field conditions by the cultural
characteristics ;

Fourth selection from these selected sorts by their analytical characters ;

Fifth selection. The third and fourth methods are repeated with plants raised
from the tops of the varieties selected under the fourth selection, and this is done
repeatedly during the cultivation of them from plants to second and third ratoons.
As the method of cultivation in British Guiana renders it necessary for canes to
have good ratooning powers to be of service as sugar producers, we lay more stress
on the selection from ratoons than from plants ;

Sixth selection. The varieties which have been selected are next grown on
plots of about 1 /20 acre, side by side and under identical conditions of cultivation
and manuring. Their peculiarities are carefully watched, and out of batches of
forty or so selected for this trial, probably not more than a dozen will be retained
in cultivation as third or fourth ratoons ;

Seventh selection. During the course of the fifth and sixth selections several
of the varieties finally retained in cultivation will have been selected by planters
for large-scale cultivation. These and others selected by ourselves are next exam-
ined by means of manurial experiments. Plots of about 1 /2 acre are divided into
smaller plots, and upon these the varieties are raised under different systems .of
manuring. Some of the plots of every kind are manured with phosphates, and
perhaps potash, others are not. Some of each are grown without nitrogenous
manure, others with increasing quantities of nitrogen applied in the manure.
It has been found that the mean results of a kind under the different manurings
apparently offer the most reliable figures as to comparative value we can obtain in
small scale experiments.”

The canes obtained by Harrison and his colleagues that are or have
been prominent are described below.

D 74.—A descendant of White Transparent. Stalk—Pale green, erect,

stout, medium length of joint. Leaf—Broad, light green. Arrows profusely,
matures early.
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D 95.—A descendant of White Transparent. Stalk—Dark purple,
erect, average girth and length of joints. Eyes—Prominent and inclined
to sprout. Leaf—Light green, narrow, erect. Arrows profusely, matures
early.

The above two canes are historical, as they were the first two sent out
by Harrison. In Demerara they have not become established, but in Louisi-
ana they have proved of exceptional value owing to their habit of early
maturity. D 74 is also grown to some extent in Mauritius.

D 78.—Stalk—Greenish-red, erect. Leaf—Dark green. Arrows sparsely.
This cane, after a few years of promise, developed the habit of producing
only tops and leaves, with but little stalk, and forms an example of the
degeneracy associated with the newer varieties.

D 109.—A descendant of White Transparent. Stalk—Dark purpe,
erect. Leaf—Dark green, narrow. This cane, like D #8, is also markedly
atavistic, but it continues in cultivation to some extent in “ pegassy * soils,

1.e., soils with much vegetable detritus.

D 117.—A descendant of White Transparent. Stalk—Yellow, erect.
Leaf—Narrow, light green. Arrows profusely. This cane does not appear
ever to have been selected for plantation work in Demerara. It has found
its way to Hawaii, where it has been received with some favour, particularly
at higher elevations.

D 145.—A descendant of Red Ribbon. Stalk—Greenish purple, erect,
stout, very brittle. Eyes—Prominent. Arrows sparsely. This cane con-
tinues in cultivation in Dermgcrara on moderately heavy but friable soil.

D 625.—A descendant of Dyer, a seedling of Meligeli. This cane has been
the most extensively grown of all that Harrison has raised, and occupies
the largest individual area in Demerara. It is best suited for heavy and
moderately heavy lands, as on the friable soils its vegetative vigour unduly
prolongs its period of maturity. It is, however, of lower sugar content.
Cowgill?® thus describes this cane :—

* D 625.~—Habit, erect. Length, medium to long. Diameter, large. Shape
of stalk, usually straight. Colour, light yellowish-green to yellow ; reddish-brown
rings at the upper limit of the nodes, especially on the upper portion of the stalk,
the portion of the node below the leaf-scar glaucous. Internodes, medium to long,
nearly round in cross-section ; the sides typically nearly straight, but sometimes
slightly constructed and sometimes a little tumid on the side opposite the bud,
sometimes a little staggered ; furrow, broad butshallow. Nodes, medium to large ;
the portion above the leaf-scar long, and usually as large, or larger, in diameter
than the internode above ; rudimentary roots rather far apart, in two or three
rows ; the depressed ring forming the portion below very shallow. Buds, large
and quite uniform in shape; typically plump and broadly triangular to ovate
in outline ; margin, medium to narrow and conforming to the shape of the bud,
often bearded at the apex and barbellate on the sides of the margin. Foliage,
medium to scant; colour, medium green. Leaf, medium width, medium length,
sub-erect, tapering into a fine point medium abruptly. Leaf-sheath, nearly round
at the throat; auricles small ; ligula medium length, with the upper edge usually
rounded, but sometimes slightly pointed, and sometimes slightly depressed in the
centre. Vestiture of leaf sheath, many soft sete. Vestiture of throat of sheath,
medium fine hairs on the auricles and adjacent edges of the leaf, and sometimes
behind the ligula ; sometimes finely pubescent on the face of the base of the leaf.
Most important distinguishing characteristics, form and size of the internodes and
buds, and the brown ring on the node.”

D 1135.—Stalk—-Erect, red to purple, small girth. Leaf—Light green.
Eyes—Prominent. Very large number of canes in a stool. There appears
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to be some doubt about the origin of this cane, and perhaps the number
has been changed. It is very extensively grown in Australia and also on
the estate scale in Hawaii, particularly in the colder and wetter districts.
While it is an exceptionally heavy cropper, its juice is of less than average
value.

WoRK OF BoVvELL AND HIS COLLEAGUES IN BARBADOS.

Simultaneously with the experiments of Harrison in British Guiana, the
Imperial Department of Agriculture for the West Indies under the super-
intendence of Bovell was engaged in raising seedlings in Barbados. At
least two canes of value have resulted :—

B 147.—Stalk—Yellow, recumbent, average girth and very long-jointed,
with a well marked channel. Arrows sparsely.

B 208.—This cane is thus described by Cowgill :—

‘“ Habit, inclining to reclining. Length, medium to short. Diameter, medium
to large. Shape of the stalk, usually curved. Colour, medium green, more or
less glaucous. Internodes, nearly round in cross-section, typically short and tumid,
and with a prominent shoulder on the side opposite the one on which the bud occurs ;
furrow, very shallow. Nodes small ; the portion above the Jeaf-scar a little longer,
and larger in circumference than that below ; the depressed ring forming the portion
below the leaf-scar, medium depth but narrow, deepest below the bud. Two or
three rows of rudimentary roots. Buds typically having started through the scales
and projecting out from the stalk in a globoid to conical point ; before starting short
and swollen; when very young typically flat, very broad and ovate-cuspidate
in outline, with the margin extending across the top rather than on the sides ;
lobes typically well-marked. Foliage, medium in amount, rather dark in colour.
Leaf, medium to short, broad, growing semi-erect, tapering medium abruptly into
a point. Leaf-sheath broad, almost round at the throat, light gieen to reddish
green in colour ; auricles medium to small ; ligula, medium length, with the upper
edge slightly depressed in the centre. Vestiture of leaf-sheath, many long, medium
stiff sete, not closely appressed. Vestiture of throat of sheath medium, soft
hairs on the auricles and edges of the base of the leaf, and more or less on the
adjacent area of the face of the leaf. Most important distinguishing characteristics,
form of the internodes and buds.”

This cane is very susceptible to environment, and is also subject to
variation.* It is suited only for lighter, friable soils, is drought-resistant,
but fails on heavy clays. ' It is grown extensively in the British West Indies
and British Guiana. It fails entirely in Hawaii.

Work in Barbados continues, and, as in Java, new canes are continually
being produced. The later varieties are referred to as BH, BNH, and
BSF, denoting Barbados artificial hybrid, Barbados natural hybrid and
Barbados self-fertilized seedling. The year in which obtained is placed in
brackets, followed by the identifying numeral, e.g., BH (‘07) 4.

Work oF EckART IN HAWwWAIL

It ‘was not till nearly twenty years after the inception of work in the
West Indies and in Java that the necessity of similar woik was felt in Hawaii.
The method pursued by Eckart has been essentially that developed by
Harrison.

Adventitious fertilization has been used, and the seedlings obtained are
known only as regards the female parent, though probably most were self-

. *A fine series of coloured drawings prepared under the direction of Harrison, and showing the extreme vari=
ation exhibited by this cane, is to be found in the Kew Herbarium.
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fertilized. The most prolific parents have been Lahaina, White Mexican,
D 116, D 117, D 1135, and a variety called locally Yellow Bamboo. No
inheritance of the colour of the parent was noted by Eckart. So far only
two canes of Eckart’s breeding have become prominent—H 109, a descendant
of Lahaina, and H 146. The former is a vellow upright cane of the Otaheite
type, of early maturity and high sugar content.

SEEDLING CANES IN JAVA.

Very soon after the recognition of the fertlhty of the cane, and stimulated
by the appearance of the sereh disease in Java, extensive breedmg experi-
ments were made in Java. The earlier work, dating from the early ’nineties,
seems to have been mainly carried out by Kobus and Wakker at the Oost
Java Proefstation, and by Bouricius and Moquette at the Kelegan estate.
After an hiatus new work appears to have been undertaken by individuals
and interested firms. The Java seedlings appear classified under the letters
P.O.J. (Proefstation, Oost Java), B (Bouricius), E.K. (E. Karthaus),
S.W. (Sempal Wadak), D.I. (Demak Idjo), and Fabri, the name of a mill.

The earlier breeding work at the Oost Java Station was conducted
with the Indian cane Chunnee (one of the Ukh class) as male parent, and with
the Black Cheribon and Striped Preanger as female parent. This selection
was made with the object of establishing as a hybrid a cane with the sereh-
resistant qualities of Chunnee and desirable cultural properties of the female
parent. The many canes thus produced mainly show the following features :
1. Narrow leaves ; 2. Long, thin joints; 3. Hard rind ; 4. A modified central

_fistula ; 5. Sereh resistance. These characters are to be attributed to in-
heritance from the male parent.

Bouricius made his crossings mainly with the Red Fiji or Canne Morte
as father, and the Cheribon cane as mother. The E.K. series results from
crossing with the Black Borneo or Bandjermassim Hitam as mother and
Red Fiji as father. The S.W. series results from the Batjan cane as father
and the Cheribon cane as mother.

Of all the numerous canes bred in Java, two stand out pre-eminent.
P.0O.]J. 100 and B 247, and for a number of years about 909, of the Java crop
has come from these canes. Of the other earlier seedlings P.O.]J. 33, P.O.J. 36,
P.0.J. 213, P.O.]. 228, 36 M(oguette) and 66 B have been grown. Of the
later ones E.K. 2 seems to be under most extensive cultivation. The Black
Cheribon in 1917 was reported as covering 8 per cent. of the acreage in
Java, and in that year as many as 56 varieties, mostly in very small quan-
tities, were reported as being under cultivation. A number of Java seedlings,
especially the earlier ones of Chunnee blood, have travelled to other districts,
and in doing so have repeated the earlier confusions of misplaced labels, etc. ;
and to this confusion the writer has contributed by misdescribing P.O.J. 36
in the earlier issue of this book, whereby it became confounded with P.O.J. 234.
In addition, in Porto Rico, P.0.]. 36 has mutated itself to P.0.]. 56, and in
Argentina P.O.J. 228 in parts has become known as P.0O.J. 130.

Short descriptions of these canes based on those of Jeswiet and of Fawcett
are given with the view of preventing future confusion. For those canes
yet confined to Java see Jeswiet in the Java Archief for the years 1916 and
1917.

The colours mentioned below refer to the mature cane, and the male
parent is given first.
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P.0.J. 33.—Otherwise 33A, Java 33. Chunnee X Striped Preanger. Stalk,
light green with red patches. No rind or growth fissures. Wax layer, thick and
smooth, later black in parts. Wax ring indistinct. Joints, straight, cylindrical
to faintly conical, lower ones distinctly inverted conical, 11+ 5-17:2 X 2+3-2°+8 cms.
Pith, smooth, firm, juicy, with fistula. Rind, very thick and hard, with coloured
bundles. Growth ring, horizontal, bulging above eye, smooth, brown green,
often bordered with red. Root ring, somewhat swollen, lower part conical, upper
cylindrical, conspicuous light green, 2-3 rows of roots. Eye channel, visible as
a flattening above the eye. Eye, very small, oblong elliptical, germinating point
more or less central, nervature radial, hem of overlying flap very wide. Group
hairs, 1, 2, 4, 10, 12, 13, 14, I9, 21 constant; 6 very seldom. Leaf sheath 27 cms.
long, both auricles present, outer small triangular, obtuse, inner large, pointed
arrow shaped. Leaves, dark green, 3-2—4-6 cms. wide. Group hairs, 51, 52, 53
54, 58, 59, 61, 70.

P.0.J. 36.—Chunnee Xx Striped Preanger. Stalk, light green-yellow, overlaid
with red, later with red splashes. Numerous rind fissures visible as red stripes,
no growth fissures. Wax layer distinct in younger joints, later remaining as black
patches. Joints very zigzag, cylindrical concave on eye side, convex on opposite,
12 X 2+5cms. Pith, dense, coarse with small fistula. Rind very thick and hard.
Growth ring very wide, horizontal, bulging slightly above eye, often with a red
border. Root ring inverted cone or cylinder, 2-3 rows of roots, dark yellow, often
tinged purple. No eye channel. Eyes, broad, almost elliptical, compressed, upper
part wide, lying close to the stalk. Germinating point nearly central, nervature
almost radial. ‘Group hairs, 1, 2, 3, 4, 7, 8, 10, 12, 14, 18, 19, 21, constant; 5, 6,
11, 22, 25, variable. Leaf sheath, 28-5-31 cms. long, with small, inconspicuous
ridge. Inner auricle always and outer sometimes present. Ligule, broad, bow-
shaped over eye. Leaf dark green, 3:9—4-1 cms. wide, leaf callus olive-green, with
yellow margin. Group hairs, 51, 52, 53, 54, 57, 58, 60, 61, 64, 66, 70, 71.

P.0.J. 100.—Loethers (putative) x Black Borneo = Hitam Bandjermassim.
Stalk, gold-yellow to green-yellow, with red sun splashes, olive brown to green,
with red striping, where protected. Rind fissures infrequent. Wax layer thin
and smooth, wax ring plain. Joints slightly zigzag, cylindrical to rather
conical, eyeside concave, convex on opposite, 14-20 X 2-75-3 cms. Pith delicate,
juicy, with small fistula. Rind soft. Growth ring, light brown to gold yellow.
Root ring, yellow to yellow-green, some green and brown, 2-3 and sometimes 4
rows of roots. Eye channel on two-thirds of joints. Eye lozenge-shaped to round,
wide wing, obtuse top, pressed to stem. Germinating point, apical, with nervature
converging to top. Group hairs, 1, 2, 4, 6, 10, 12, 21, 26 and 11 sometimes. Leaf
sheath 24-34 cms. long with conspicuous ridge. Inner auricle always present,
half pipe-shaped, pointed, or half halbert-shaped, blunt ; outer auricle when present
small. Ligule, bow-shaped, smooth. Leaf, 5-6 cms. long, light green, outer edge
of callus with long fringe of hairs. \

P.0.J. 139.—Chunnee X Striped Preanger. Stalk, yellow-green to yellow,
frequently with a purple tint. No rind or growth fissures. Joints, feebly zigzag,
cylindrical to conical, concave on eye side, convex on other, sometimes showing
under the bud a very distinct knot, 8-12 x 2-5 cms. Pith, smooth, firm, with
fistula. Rind, hard. Growth ring wide, smooth, bronze-green to light orange.
Root ring, strongly developed, cylindrical, waxy, 2-3 rows of roots. Eye channel
visible as a flattening in upper joints. Eyes, small, egg-shaped to eclongated
egg-shaped, with obtuse top and wide wing, germinating point apical, with radial
nervature. Hair groups, 1, 2, 12, 13, I4, 21, 26, constant, and 10, 15, 19 occasional.
Leafsheath, 24 cms. long, light green, enveloping eye. Inne: auricle present, long
triangular, outer one usually absent, of same shape, but smaller. Ligule very
wide. Leaf 3+5-4 cms. wide, callus brown-yellow to yellow-green. Hair groups,
51, 52, 53, 58, 61. A

P.0.J. 213,—Chunnee x Black Cheribon. Stalk, dark purple to brown-red.
Rind fissures in older joints, no growth fissures. Wax layer at first plain and thick,
diminishing with age, wax ring sharply defined. Joints slightly zigzag, cylindrical,
slightly concave on eye side, convex on opposite, 15-23 X 2—2+5 cms. Pith smooth,
often with a fistula, rind bard. Growth ring horizontal, wide, smooth, yellow
splashed with red. Root ring cylindrical, more or less concave, broader than stalk,
dark brown, 2 rows of roots. Eye channel almost always absent, distinguishable
in older cane as a flattening. Eye, elongated egg-shaped, triangular point, broad
wing, very flat, germinating point apical, nervation converging to top. Hair
groups, I, 2, I2, I9, 21, 26, constant, 10 11 variable. Leaf sheath, 27 cms. long,
with fissures 1-5 cms. long. Auricle almost always absent, small and stumpy.
Ligule very wide and smooth. Leaf 3-5 cms. wide, callus yellow-green, waxy.
Hair groups, 51, 52, 53, 54, 57, 60, 61, 62.
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P.0.J. 228.—Chunnee x Black Cheribon. Stalk, rose-brown, splashed dark
brown. Rind fissures present, no growth fissures. Wax layer, distinct and
smooth, later becoming black. Wax ring in young joints. Joints straight, in-
verted cone below, cylindrical above, concave on eye side, very convex on opposite,
9-15 X 2°2-2+7 cms, Pith smooth and massive, small fistula ; rind thin and tough.
Growth ring horizontal, bronze to brown-yellow. Root ring wide, slightly concave,
2-3 and sometimes 4 rows of roots. Eye channel scarcely noticeable. Eye very
large and wide with basal wing, obtuse above with small indentation at top, lying
close to stalk. Germinating point central, nervation more or less radial. Hair
groups 1, 2, 4, 6, 10, 11, 12, 13, 14, 16, 19, 2I,26; 20 occasionally, 25seldom. Leaf
sheath 27-31 cms. long, light green with some purple, striped with wax. Inner
auricle always present, very large half pipe-shaped, outer auricle when present
same shape. Ligule nearly horizontal bow-shaped above. Leaf 3.5 cms. wide.
Hair groups 51, 52, 53, 57, 58, 61, 66.

P.0 J. 234.—Lower joints green tinged with purple upper yellow-green with
thin brown striping, wax layer thick. Rind thinner than in other Java canes.
Growth ring, bronze where exposed and pale green or yellow in upper joints. Two
or three rows of roots. Wax ring narrow and in lower joints thickly covered with
wax. Eye channel conspicuous in middle joints. = Eye narrow semicircular below
upper part making an angle a little less than go°. Germinating point almost
apical, nerves fine and numerous. Hair groups 1, 3, 12, 21, 23, 26 constant ; 2, 10,
16, 18, 19 variable. Inner auricle when present is 1-2 mms. long. The outer
auricle is 5-10 mms. long and always present. Leaf is long, narrow dark green,
callus pale yellowish green.

B. 247.—Canne Morte or Red Fiji X Black Cheribon. Stalk, brown red to
reddish purple, flesh rose where protected. Rind and growth fissures present. Wax
layer distinct and very thick on young cane, decreasing with age, wax ring con-
spicuous.  Joints zigzag, somewhat conical, bobbin-shaped in quick-growing cane,
slightly concave on eye side, convex on other, 12-14 X 3.25 cms. Pith very smooth,
often shrivelled in the older central parts. Rind haid, growth ring green, brown to
red. Root ring green, brown red splashed, 2-3 rows of roots and sometimes 4 on
eye side. Eye channel rather often absent and only conspicuous on younger joints.
Eye, broad egg-shaped with lozenge-shaped top, flat and close to stem. Germinat-
ing point apical, and nervation converging to top. Hair groups 1, 2, 4, 11, 12, I9,
21 constant, 10 sometimes, 5 seldom. Leaf sheath 30 cms. long with ridge 15-17
cms. long, 2 mm. high. Auricles absent. Ligule bow-shaped, smooth, very
small. Leaf 5-5-6 cms. wide, upright with tops overhanging.

WORK OF PERROMAT IN MAURITIUS.

In 1891 the individual enterprise of Perromat obtained a number of
seedlings, some of which have become cultivated to some extent there.
Amongst these are :(—

MP 33.——A green recumbent cane, often with some peculiar abortive
joints, medium girth, long internodes, a descendant of the Penang or Salangore
cane.

MP 55.—A dark purple medium-sized cane. A descendant of the
Penang or Salangore cane. In the previous edition this cane was referred
to as 53.

MP 131,—A small, upright, purple cane, extremely prolific in the number
of canes to a stool. {

WORK OF BARBER AND VENKATARAMAN.

Work in India has only started within the last few years. The task
here is different from elsewhere and lies in the problem of combining in a
hybrid the valuable characters of the indigenous Indian canes with those
of the richer tropical kinds, so as to obtain varieties suited to the extensive
subtropical areas of northern India. The preliminary studies so far published
indicate that a valuable research from the ground up is in process, but so far
the establishment of a new variety is not on record.
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OTHER LOCALITIES.

Seedlings have also been raised in Louisiana, L 511 being of promise, in
Porto Rico at the Insular Station, at Guanica Central, and at Fajardo Central.
Seedlings have been put out from these stations identified by the initials P.R.,
G.C.,and F.C. Of these, G.C. 493 and G.C. 701 have reached the plantation
scale. The Argentine station at Tucuman under the dlrectlon of Cross has
also recently entered this field of research.

Asexual Variation.—In addition to sexual variation the cane is sub-
ject to per saltum variation or -sporting, whereby varieties are obtained
asexually. The first definitely recorded observation of this phenomenon
is as follows* :—

In 1868 or 1869 a M. Lavignac? caused canes to be brought to Mauritius
from New Caledonia. Amongst these was a striped cane which. was named
Mignonne. A few years later M. Louzier observed a self-coloured yellow
cane in a stool of this striped cane. He segregated this cane, which he
succeeded in establishing into a variety—the Louzier—which for a genera-
tion formed the bulk of the cultivation in Mauritius. A few years later Mr.
J. F. Horne? in the same island noticed that the Louzier cane threw a
striped sport, which has also been cultivated separately under the name of
Horne cane or Louzier rayée. Another, or possibly the same sport from the
Louzier, has been cultivated in Australia under the names of Green Rose
Ribbon, Brisbane, Malay, and White Striped Bourbon.

Simultaneously Melmoth Hall*¢ in Australia observed the same phe-
nomenon to occur with the ““ Ribbon”’ cane, an observation repeated by J. F.
Clarke? in Queensland with the Striped Singapore. In this case he records
that the sports thrown were apparently identical with the Rappoe: as will
be shown later, this is the cane described under the name of *“ Cheribon.”

A third instance of importance is the sporting habit of the Tanna canes,
from the striped variety of which the White and Black Tannas were segre- -
gated in Mauritius. As other instances, may be cited that of the Yellow Tip
which was obtained in Hawaii from the Striped Tip ; and the Port Mackay
Noir, from the Port Mackay in Mauritius.

" In this habit of sporting a complete cycle obtains : striped cane—self-
coloured cane—striped cane; but it is impossible to say which was the
original type. Possibly the habit reflects a hybrid sexual origin between
a coloured and a white cane.

When sporting occurs from a cane striped in a dark and a light colour,
a dark-coloured sport and a light-coloured sport may be obtained. In the
Tanna and Cheribon canes the two sports have many characters in common,
an observation which would tend to discredit the hypothetical white and
coloured parents.

It is a matter of very considerable interest to note that almost all the
light-coloured sports are indistinguishable, as are also the dark-coloured
sports ; thus nearly every sport from a striped Tanna is either a White
or a Black Tanna, and only two varieties thus arise. An exception to this
rule was found by Mr. E. W. Broadbent in the Hawaiian Islands, who ob-
served a green and yellow-striped cane, quite distinct from the striped

*A report on the sugar industry of Louisiana appearing in the Report of the U.S, Commissioner of Patents for
1848 shows that the phenomenon was well known to Louisiana planters at that time.
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Tanna, as sporting from a White Tanna. In addition, during the writer’s
residence in Mauritius he was shown a number of ‘‘ varieties’’—possibly
identical and certainly closely allied to which the name Louzier rayée was
applied. In such a case a cane variety may be regarded as throwing a
limited number of distinct sports, or the observation may be indicative of a
mixed cultivation of barely distinguishable varieties.

Asexual variation or sporting is recognised only when some prominent
characteristic, such as colour, varies. Sporting however may very well occur
in the absence of means of ready identification, and possibly valuable strains
or varieties have thus arisen, and continue to arise, but have been lost for
lack of means of recognition. Correlated with the colour change, other
characters also vaiy. Thus the White Tanna has become cultivated as a
valuable cane, the Black Tanna being rarely found in extensive cultivation.
Local conditions also seem to determine the economic value of the twin
sports; thus the dark-coloured sport from the Cheribon, Java, etc., cane has
been established in Java and Louisiana, while in Cuba and the West Indies
generally it is the light-coloured sport which is favoured.

A sporting habit would account, too, for-the minor differences, such as
absence of sete on the leaf base, to be found on individual canes in fields of
supposedly pure cultivation. Further, as already mentioned, sexual descend-
ants of a variety generally resemble the parent or parents; accordingly,
as has been suggested by Harrison??, a plantation grown from a pure stock
may in time become made up of the original stock, and of those sexual
descendants which resemble the parent. Such a state of affairs, due to the
combined influence of sporting and the presence of seedlings, may account
for the different results obtained in different districts from what is thought to
be one and the same variety.

. In the instances discussed at length above, and which have afforded
very valuable varieties of cane, a distinct and easily recognised variation
serves to establish and to fix the variety. Variation, however, may and
probably does occur without any easily recognized sign whereby it may be
identified. Attempts, almost entirely confined to Java, have been made to
correlate certain features of the cane with valuable characteristics, and in
this way to obtain new varieties or rather strains. These attempts include
the following features :(—

Disease immunity and inheritance.—As regards inheritance of sereh and
yellow-stripe disease it has been found that the incidence of the disease
tends to decrease when disease-free cuttings are used for seed, the reverse
action obtaining when unselected tops or tops from diseased stalks are used.
This observation has been of great value in Java.

Sugar content.—Based on the knowledge that the seed from sugar-rich
beets afford a rich strain, attempts have been made to obtain sweet strains
of cane by selecting for use as tops cuttings from sweet canes. Early re-
sults in the West Indies gave no promise of success, but Kobus?? in Java
obtained in experiments definite results, and further observed that the
heaviest canes were the sweetest, so that the routine of the selection was much
simplified.  Following on his work, Nash?8 and others in Java selected tops
on a specific-gravity basis, believing that the descendants of such tops
would maintain that characteristic combined with a high sugar content.
The whole question has been the subject of further detailed studies, and of
much controversy in Java, with the unhappy finding that this means of
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improving the cane is not well founded. The original experiments in Java
seem to have ignored the root branching system of the cane, later studied by
Barber.  Other characteristics that have been examined in the hope of
finding a correlation with desirable features are :—Tillering, long joints
versus short joints, thick stalks wversus thin stalks, conical joints wversus
cylindrical joints, flowering and not flowering. No amelioration of the cane
and the establishment of no permanent strain has resulted from these ex-
periments and, generally, it was found that the characteristics themselves
were not inherited ; thus the asexual descendants of canes that had flowered
showed no greater tendency to flower than did the progeny of canes that had
not flowered. '

The Classification and Identification of Canes,—This section is to be
read as dealing only with the thick tropical canes which form almost the
entire mass of the cultivation outside of India, where canes of a different
type produce upwards of 2,000,000 tons of sugar annually. These last
varieties are discussed elsewhere.

The older writers, who frequently were not systematic botanists, generally
adopted colour of the stalk as the criterion of classification. This system
is used by Vieillard?®, Fawcett3?, Harrison and Jenman3!, Soltwedel®,
Kriiger®3, Stubbs3¢, Dahl and Arendrup.’®> Bouton3®¢, however, based his
classification of Mauritius canes on length of internode, and Debassyns®? in
Réunion as long ago as 1848 divided canes into such as flowered and did not
flower. The divisions adopted by Harrison and Jenman are (1) yellowish
green and green canes often blotched with red ; (2) white, vinous and brown
canes; (3) grey or pink-tinged canes; (4) ribbon canes ; (5) claret and
purple canes. Stubbs and also Kriiger only employ three classes :—(x)
yellow and green canes ; (2) ribbon canes ; (3) solid colours other than yellow
and green. While the colour of the stalk is at once seen to be a ready aid
to identification, it manifestly breaks down as a criterion of classification as
it would necessarily separate those closely allied sports where colour alone
forms the distinguishing feature.

In addition to colour Kriiger?? uses as means of identification the following
characteristics :—Presence or absence of wax, shape and arrangement of
internodes, shape of eye, presence or absence of channel above eye, rows of
roots, colour of pith, colour of leaf sheath, pilosity of sheath, colour of leaf
blade, shape of lobes at junction of sheath and blade, general characters.

Cowgill?® uses all these characters and places most reliance on variations
in parts of the stalk. Sahasrabuddhe?® suggests the use of the eye of the cane
as a means of identification, and distinguishes five types :—(1) White Trans
parent type—flat, broad, pointed, with point extending beyond ring with a
distinct channel; (2) Bourbon type—flat triangular buds, more or less
pointed with an indistinct channel ; (3) White Tanna type—as in (2) but more
or less circular; (4) Meligeli type—long, narrow pointed, extending wel’
beyond the ring with distinct narrow channel ; (5) Mammary type—circular
buds with no channel.

Very recently Barber3® in India, Jeswiet® in Java, and Fawcett® in
Argentina have made detailed morphological studies of canes, including such
points as the venation of the leaf and the arrangement of the groups of hairs
on the eye and leaf sheaf. The groupings recognized by Jeswiet are indicated
in Figs. 14, 15, 16, 17 and 18; 14 is the upper side of an eye with apical
growing point ; 15 is the corresponding underside ; 16 is the upper side of a
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round eye with central growing point ; 17 is the inner surface of a leaf sheath,
18 being the outer surface of the same. g

Without in the smallest degree deprecating the very great value of these
studies, familiarity with the cane growing in the field in combination with
coloured drawings made by a skilled artist under the direction of a com-
petent botanist, will not fail to have its uses.

TaE HisTORY, INTRODUCTION, NOMENCLATURE AND IDENTITY
OF THE TRADITIONAL VARIETIES.

A study of the sugar cane literature of a generation back would have led
to the idea that hundreds of varieties were in cultivation ; actually the older
varieties reduce to two of major importance, to one of importance and to a

few of interest. The confusion has been due
to the decentralized position of, and lack of
co-ordination between, different cane-growing
districts. In this way the same variety was
repeatedly introduced and exchanged, each
time acquiring a new name, and forming a
new local variety. In addition, great con-
fusion has often arisen from misplaced or
‘misread labels. The absence of system has
included the following methods of naming :—
1. Country of origin. 2. Country whence
obtained. 3. Plantation where first grown.
4. Name of introducer or of prominent local
individual. 5. Some pronounced character-
istic of the cane. 6. Native name. 7. Con-

fusion of names in exchange.
The great state of uncertainty has been
ended through the detailed descriptions of
collections published by Fawcett,?® Harrison
and Jenman,3 Stubbs,? Dahland Arendrup,?
Bouton,?® Soltwedel®! and others. To ap-
» preciate the matter thoroughly, it is necessary
Fic. 18 to give a résumé of the history of the intro-

duction of varieties.

In the old-world tropics the cane had been growing from ancient times,
especially in southern China and in India. It was seen in the Philippines
by Magellan in 1570, and the use of sugar is recorded as common in Java
in Pretty’s account of Drake’s circumnavigation. The cane was found
established in the islands of the South Pacific by all the early voyagers, and
is also recorded in Hawaii by Captain Cook.

The cane travelled westwards from India (and north to China). It was
established in 600 A.p. at Gondeshapur at the mouth of the Euphrates,
where Christian monks were the first to make white sugar. Arabic civiliza-
tion carried the cane to the Levant, through the Mediterranean and to
Spain, where well before 1,000 A.D. a flourishing industry was established.
The Crusades served to develop the western appetite for sugar, and to still
further secure the Mediterranean and Levantine industry. In 1420, Henry
the Navigator sent the cane to Madeira, and later it reached the Azores,
the Canaries, and the Portuguese West African settlements. From this
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time dates the declension of the Mediterranean industry, its disappearance
from the Levant following on the advent of the Turk with the fall of Con-
stantinople in 1453. Forty years later marks Columbus’s second voyage
and the introduction of the cane to Hispaniola, now Santo Domingo. In
1520 it reached Mexico, 1532 and 1533 seeing its arrival in Brazil and Peru ;
1620 and 1751 are the dates of introduction to Argentina and Louisiana,
Jesuit fathers in both cases being responsible. The introduction to the
French and British Antilles dates from about 1630, that at Barbados being
known with assurance as 1641. The Mauritian industry was founded by
Mahé de la Bourdonnais in 1737 ; 1817 is the date of the first Australian
introduction, 1850 being that of Natal, in which year also Ismail Pasha re-
stored the Egyptian industry.

Up to the end of the eighteenth century the New World knew only one
cane, the descendant of that due to Moslem civilization. When, owing to
later introductions, it was necessary to find a distinctive name for the
variety, the term Creole was adopted.

In most sugar-growing countries of the New World this cane appears to
have been almost lost, and it was not till 1920 that the writer through
enquiring diligently was able to locate a specimen apparently authentic.
This he obtained throngh the good services of Sr. E. I.. Colon and Dr. F. S.
Earle, of the Porto Rico Insular Experiment Station. Plate I (page 1)
shows this cane as it appears before the yellow colour of maturity is estab-
lished. Contemporary literature shows, however, that the Creole cane is
yet planted in Brazil, the context of many passages serving to connect the
cane with the one under discussion. The cafia blanca of the south of Spain
still grown there is currently believed to be that brought by the Arabs, and
should then without doubt be this very cane. In Louisiana the term Creole
cane has now become attached to the purple Java cane (g.v), to which in
earlier years the name Bourbon had also been misapplied, and finally in
Argentina the term Criolla morada, blanca and rayada are also connected
with the same cane and its sports. '

The Creole cane was of a ycllow colour when ripe, and of a more slender
habit than the canes of later introduction. -An analysis by Casaseca®?
gives the fibre as high as 16-4 per cent. It is perhaps to be associated
with the Pooree cane of India, since in a report to the East India Company
of date 1792 there is found the remark: “ West Indian planters say the
same sort which grows in the West Indian Islands.”

The credit of making the first deliberate introduction of a new variety
is probably to be given to Bougainville, who sailed round the world in 1766-68.
He touched at Otaheite, and to this vovage is ascribed the introduction of
the Otaheite cane to Mauritius and Bourbon.*

In 1782 Cossigny® imported to Maurtius direct from Java a number
of varieties, which he carefully cultivated and distributed locally in 1789.
Through his influence the French Government imported these canes to their
West Indian colonies, including Cayenne, and along with these canes there
was at the same time taken the Otaheite cane, whicli on arrival also received
the name of Bourbon. A Martinique planter by the name of Pinel gave
some cuttings of this cane to a Montserrat planter in 1793, and in the same

*Bougainville’s account of his voyage makes no mention of the introduction, which seems remarkable. The
authorities for this statement are Humboldt, who received his information in the West Indies about 1800, Lortet
quoted by Légier. and Bouton, a resident of Mauritius. 1he statement of Cuzent that tougainville brought a
:105! cane from Java to Otaheite in 1782 is evideutly a confusion of the dates and introductions recorded in this

ection. I
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year Admiral Sir John Laforey brought these varieties to his estate in
Antigua.?0

In 1791, Captain Bligh made his second voyage to the South Pacific
for the purpose of introducing the bread fruit to the West Indies. Incident-
ally, he brought a number of varieties of canes from Otaheite. He reached
St. Vincent in the ship * Providence "’ in January, 1793, but the introduction
of the canes seems to have been to Jamaica. Four of the varieties that he
brought have been placed on record in illustrations of remarkable beauty
by Tussac.? These are :—I. A green cane with prominent eyes and slightly
staggered joints. 2. A yellow cane, which as represented is a typical
Otaheite, Bourbon, Lahaina or Louzier {g.v.). 3. A very stout purple cane.
4. A violet and yellow-striped cane. Of these canes the second is that which
has survived as a standard variety. Canes apparently identical with the first
and fourth can still be found in the West Indies as strays.

At the very time of their introduction confusion regarding the origin
of these canes seems to have arisen. Thus Sir John Laforey*® writes :—
“ One sort brought from the Island of Bourbon, reported by the French to
be the growth of the coast of Malabar. Another sort from the island of
Otaheite. Another sort from Batavia. The two former are much alike,
both in appearance and growth, but that from Otaheite is said to make the
best sugar. The Batavian cane is deep purple on the outside.”

This confusion was noted by Tussac, who, in 1801, was preparing his
Flora Antillarum in Jamaica. He quotes the opinion of Mr. Wouels, Director
of the East Botanic Garden, that the Otaheite and Bourbon canes are the
same. Mr. Wouels had been several times to Otaheite, and he is probably
the gardener who accompanied Captain Bligh, and who stayed in Jamaica
to take care of the products introduced. Another cane mentioned by Tussac
as already established in Jamaica is the Ribbon cane, or “ guinguan ’ cane
of Java. This cane has survived as a well-known variety, and Wray*
thirty years later particularly distinguishes between it and the Otaheite
ribbon cane, calling attention to the different coloration, which is well
illustrated in Tussac’s drawing. The native name of this cane seems to be
To Oura.

There seems to be no evidence whatever connecting the Bourbon cane
with the coast of Malabar beyond the qualified statement made to Sir John
Laforey. On the other hand, the Creole cane is frequently referred to in' the
older literature as coming therefrom, and possibly the supposed connection
arose in this way.

At the time the introduction of the Otaheite cane was considered a feat
of first-rate economic importance, as indeed it was, and its connection with
Bligh and the mutiny of the “ Bounty ’ added largely to the romantic
interest of the introduction. The increased yield obtained from it is said
to have doubled the value of the Jamaica plantations, which at that time were
enjoying their period of greatest prosperity.

The variety spread rapidly to other districts, being brought to Cuba by
Arango?® in 1795, to Trinidad by Begorrat*® in 1792z, to Barbados by Fire-
bracet? in 1796, to Demerara in the same year, to Louisiana in 1797, and to
Spain in 1816. Shortly after the French introduction to Martinique it was
brought to Cayenne by Martin, and in 1810 it was sent from “Guyana’’ to
Brazil by Brigadeiro Manuel Marques, where, after cultivation in the Botani-
cal Gardens, it was distributed. An independent introduction was due to
Manuel Lima da Pereira, also in 1810, and he was the first to grow it exten-
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sively in Brazil. The fame of the cane spread to the Dutch East Indies,
and Crawfurd4® records that in 1820 it was the variety miost cultivated ;
by 1840, however, its cultivation there had almost ceased. It did not reach
Mexico till 1840, when it was introduced by Hermenegildo Felix,*® being first
planted at Chiconcuac.

The Otaheite canes as existing in that island have been briefly described
under their native names by Cuzent.?® It seems likely that the cane he
describes as 7o Qura is the Otaheite Ribbon cane referred to above, and that
the native name of the yellow Otaheite cane is Vathi, or Uouo.

About 1780 the Dutch also introduced canes from Java to St. Eustatius
and to Surinam.3? These canes included a purple cane and a ribbon cane
and duplicated those introduced by Cossigny. There was also then probably
introduced the cane known at an early period as the Java Yellow Violet, and
which is the same as the White Transparent. These canes also travelled
through the West Indies and reached Louisiana in 1825, through the agency
of Coiron, where they eventually became known as the Home Ribbon and
Home Purple. From Louisiana they were" brought to Hawaii, becoming
known there as Louisiana Striped and Louisiana Purple. In 1840 the light- .
coloured variety was taken to Mexico by Manuel Maria, and grown at the
St. Nicholas plantation.#® The Java Yellow Violet may perhaps be that
mentioned by Tussac under the name of * bonne blanche,” or ““ good white,”
which he describes as having a green stalk washed with violet.

A very interesting reference to the canes grown at the beginning of the nine-
teenth century is made by Humboldt. He mentions three varieties as under
cultivation in the West Indies and Venezuela :—the Otaheite cane, the Violet
cane, and the old Creole cane. He mentions the fears of the Cuban planters
that the newly introduced Otaheite would not ratoon as long as the Creole,
and actually the cane that has survived as the fittest under Cuban conditions
is the Transparent or Yellow Violet of Wray, known in Cuba as the Crystalina.

The introductions referred to above have a most important bearing on the
cane sugar industry. Some later introductions are referred to below.

In 1848, after the Otaheite cane in Mauritius had suffered from an
epidemic, Sir William Gomm, then Governor of Mauritius, caused canes to be
introduced from Java.®® One of these became widely planted under the
name of Bellouguet ; this cane is none other than the Purple Java cane
already referred to. = Two other canes introduced at the same time were
also cultivated under the names of Diard rose and Diard rayée. The first
of these was at that time known in Java as Japara. These canes are probably
to be identified with the Java Yellow Violet, White Transparent, Crystalina,
etc., and with the Red Ribbon, Guingham, Striped Cheribon, etc.

In 1854 two varieties of cane arrived at the Hawaiian Islands direct from
Otaheite in the ship ‘“ George Washington,”” Captain Pardon Edwards.5!
One of these became the standard cane of those islands, and received the
name of Lahaina from the district where it was first cultivated.

In 1857 the original Otaheite (Cayenne) stock in Brazil had become
infected with disease, and introductions were made from Mauritius, Herman
Herbst, an intelligent German gardener, being sent there. He returned with
the Penang, the Diard, and a cane rechristened Vermehla or Rouxada, the
descendants of which are still cultivated in Brazil.

A little before 1870 many introductions were made to Mauritius from
Java, Brazil, and New Caledonia, the last-named introductions being due to
Lavignac.2  The origin of the Louzier cane from this introduction has

E
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already been discussed. Amongst the Brazilian canes was the Uba, which
since then has travelled to, and become a standard cane in, Natal, Mozam-
bique and Madeira.

In 1827 an introduction of Mauritius canes was made to British India by
Captain Dick, acting on behalf of Captain Sleeman.?® These canes constitute
the Paunda canes of India, and are also known as Mauritius canes.

About 1880, Mr. W. G. Irwin introduced to the Hawaiian Islands canes
from New Caledonia. Amongst these was that since known as Yellow
Caledonia, and which is the same as that extensively grown in Mauritius as
White Tanna.

The Australian sugar industry is based on canes introduced in 1817 by
Scott from the South Pacific. One of these which received the name of
Yellow Tahiti is stated by Melmoth Hall not to be the Otaheite of the West
Indies.5? Since then there have been numerous introductions from Java
and Mauritius, and much confusion in nomenclature has arisen. A late
introduction early in the twentieth century under the direction of Maxwell*
brought in New Guinea canes, of which the Badilla and Goru varieties are of
merit.

In addition there have been numerous unrecorded introductions and
exchanges between botanical stations and private individuals.

Amongst all these introductions, with their multiplicity of names, there
are only a few that have ever been extensively cultivated. These are dis-
cussed below, and, in reading this discussion, what the writer means by an
identity must be explained. In any extended area of pure cultivation,
that is to say of canes asexually descended from one definite parent, canes
can be found differing morphologically from each other, although outwardly
similar in appearance, habit and general behaviour. These differences,
which may or may not be permanent, are often sufficient to persuade a sys-
tematic botanist to separate the pure cultivation into a number of varieties.
With these differences, which may arise from climatic and cultural conditions,
this section is not concerned, and identity is broadly considered, implying
rather the possession of similar outward appearance, habit, and mode of
growth, with the absence of any readily distinctive and permanent feature
not shared equally by all specimens.

The Otaheite Cane.—Under this title the writer refers to the Bourbon
(British West Indies), Lahaina (Hawaii) and Louzier (Mauritius). The
origin of these has been given and the writer regards them as identical, or
so nearly allied as to be not readily distinguishable ; he has seen the Bourbon
in Demerara, the Louzier in Mauritius and the Lahaina in Hawaii. In
addition, he has compared in Mauritius Lahaina imported direct from
Hawaii with local Louzier and Cafia Blanca imported direct from Cuba
with Lahaina in Hawaii. Nevertheless, these identifications were made
without knowledge of the morphological characteristics studied of later years
by Barber®?, Jeswiet?® and Fawcett; and in addition in this connection
the questions of sporting in regard to not easily recognizable characters
and the presence of self-sown, inbred adventitious seedlings are to be con-
sidered. A study of the literature also affords some reason for thinking
that two almost identical varieties are included. Thus Stubbs? equates
Yellow Otaheite, Louzier, but separates them from Portii, Lahaina, Keni-
Keni, which he considers identical ; Harrison and Jenman identify as the
same, Bourbon, Cuban, Lahaina, Otaheite, but separate Keni-Keni. The
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late Mr. D. D. Baldwin, in a letter appearing in the Hawaiian Planters’
Gazetle, May, 1882, states that Capt. Edwards brought two varieties, which
becarme known as Cuban and Lahaina; to the former the names Oudinot
and Keni-Keni (Haw. Kini-Kini, numerous, in allusion to its prolific nature)
being also applied.

He distinguishes them :—

Lahaina—Il.ong straight leaves of light colour heavily aculeated or
covered with prickles at the base, with small round prominent buds.

Cuban.—Leaves of darker green bending down in graceful curves, with
no prickles and large triangular buds located in little cavities on the side
of the cane stalk.

The following irregularities in nomenclature may be noted —

1. Tn Réunion a purple cane (the Black Cheribon) is called Otaheite.

2. The Bourbon, described by Stubbs as so called at Audubon Park,
is the White Cheribon, Crystalina, etc., but previously and at an early date
the term Bourbon had been attached in Louisiana to a purple cane, probably
that imported indirectly from Java.

3. Following Cousins,?® the Otaheite in Jamaica is the White Transparent
or White Cheribon.

4. The name Portii first appears as Teboe Portii imported to Mauritius
from Java, 1869, and described as a chalky white cane of high reputation
in the Straits, and hence was not originally the Otaheite cane, but probably
the Salangore (g.v.).

5. Owing to the confusion in transport, the name Louzier has been
applied to the Cavengerie (¢.v.) in the Argentine.

6. A similar confusion is responsible for the naming of a certain variety
Loethers in Java under the impression that the Louzier of Mauritius was
being dealt with. The cane of this name figured by Soltwedel®! and Kriiger32
is a brown cane, quite distinct from the Louzier and not dissimilar from a
cane known in Mauritius as ‘“ Tamarind.”

7. A purple cane was introduced in 18go into Java from the Straits
under the name of Bourbon, and is stated by Geerligs to be very similar
to the Cheribon. Van Deventer, however, describes the Bourbon of Java
as very similar to the Striped Preanger.

This cane is shown in the Frontispiece; the illustration was prepared from
a ripe Louzier cane in Mauritius. It combines the characteristics of heavy
tonnage, long ratoonage, sweet and pure juice, and fibre content of 11:5-12-5
per cent. when grown under normal conditions. It mills easily and the
bagasse steams well. In the Hawaiian Islands, under irrigation and with
20 months’ period of growth, it has frequently in individual fields given over
100 tons of cane and over 12 tons of sugar per acre, with a purity in the
mixed juice of over gn. On occasion large areas have produced a crop with
over 18 per cent. of sugar in cane; and with individual canes containing
over 20 per cent., the average over the whole of the Hawaiian Islands is
rather over 15 per cent. It is, however, a shallow rooter, and hence sus-
ceptible to drought ; it responds very quickly to untoward soil conditions
and possesses a very low degree of immunity to various fungus diseases. In
fact most of the historic epidemics (cf. Chapter IX) have been connected
with this variety.

From 1800 to 1900 it was the standard cane of the British West Tndies,
but never succeeded in establishing itself in Cuba in competition with the
Crystalina. From 1760 to 1848 as the Jaune de Otaheite, and again from



52 CHAPTER 1V

1870 to 1900 as the Louzier it was the dominant cane of Mauritius. From
1854 up to1914 it was the only cane grown on the irrigated plantations of the
Hawaiian Islands, but began to fail about 1910. Up to the last century it
was cultivated in Java and it has been a standard cane in Brazil

The various names attached to this variety (or very closelv allied varieties)
are :—

Otaheite, Bourbon, Louzier, Portii, Tibboo Leeut, Keni-Keni, Cuban, Bamboo
II, China II, Colony, Lahaina, Singapore, White Mexican, Solera, Ardjuno, Cafia
blanca, Cayenne (in Brazil), Cafia verde de Jujuy and Bambu blanca (in Argentina).

Cowgill?? has given the following detailed technical description :—

‘“ Otaheite—Habit, erect to reclining. Length, medium. Diameter, medium
to large. Shape of stalk, curved. ‘Colour, greenish-yellow, a glaucous ring on the
lower half of the node. Internodes varying much in shape; typically rather
tumid, but sometimes with sides straight, and when tumid most so on the side
opposite to the one which bears the bud ; somewhat flattened, usually more or
less staggered ; furrows, medium to shallow. Nodes, medium size, longest on the
bud side ; leaf-scar set more or less oblique, and projecting somewhat prominently
from beneath the bud ; the portion above the leaf-scar about the same diametei
as the internode above, except when the latter is tumid ; the depressed ring,
forming the portion below shallow; rudimentary roots in two or three rows.
Buds typically sub-elliptical to ovate in outline, but varying in size and in relative
length and width ; apex, semi-elliptical to acute ; margin, narrow and conforming
to the shape of the bud ; no prominent lobes ; sometimes hairy on, and bearded
near, the apex. Foliage, medium abundant, light green in colour. Leaf of medium
width and length, tapering into a long and fine point. Leaf sheath rather flattened
at the throat; auricles medium to large, often long and acute, pointed on one or
both sides of the stalk; ligule medium length, with the upper edge depressed in
the centre. Vestiture of leaf sheath : many sete which are stiff and not closely
appressed. Vestiture of throat of sheath: a small amount of medium or of fine
hairs on or adjacent to the auricles. Most important distinguishing features :
shape of the buds and of the internodes.”

Very recently, and after the above section was in the printers’ hands,
Fawcett3? in Argentina analysed certain canes of this type in Argentina.
He finds that the Lahaina (presumably an authentic and recent importation
from Hawaii) is identical with the local Bambu blanca, and very close to
the Cafia verde de Jujuy, but distinct from the Cayenne of Brazil (for the
origin of which v. sup.) and the local Louzier. These observations are to be
correlated with the subject matter of this section, dealing with the introduc-
tion of the Otaheite canes and the differences of opinion which have existed
now for over 100 years. The influence of sporting in so far as regards the
morphological distinction observed, their permanence, the adventitious
presence of self-sown self-fertilized seedlings closely resembling the parent,
all bear on this matter, as well as the distinction between and definition of
the terms * variety,” “ group,” ‘‘ type,” etc., etc.; and indeed when the
writer equates Otaheite, Cayenne, etc., he only strictly says that a cane
from Otaheite travelled via Mauritius, the West Indies, and Cayenne to
Brazil, where it received the name of the district whence introduced.

Still later, the writer obtained access to Burlamaqui’s ‘“ Monographia
de Canna de Assucar,” 1862. He there distinctly notes the existence in
Brazil of a green, a yellow, and a striped Otaheite. = The bearing of this
observation of record on the above section specially, and on the subject
matter of this chapter generally, will be apparent.

The Batavian,‘ Java, or Cheribon Canes.—The earliest reference to
varieties of canes in Java, or indeed anywhere, is to be found in Rumpf’s
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“ Herbarium Amboinense.”” He describes three canes, one yellow, a second
purple, and a third striped, and it is very possible that these may be those
forming the subject of this section. The canes referred to by the writer
under this heading are frequently mentioned in the early literature as Bata-
vian canes, and there seems to be little doubt but that theyare indigenous to
Java. In the British West Indies these canes have become generally
known as Transparent canes ; in Cuba the light-coloured variety is known
as the Crystalina* ; elsewhere the term Bamboo canes has been applied to
them. Three varieties are known, a light coloured, a dark coloured, and a
striped variety. These are connected with each other by a complete cycle
of per saltum variation. :

The variety has been the subject of many exchanges and introductions.
It has probably produced more sugar that all other varieties combined.
As Crystalina it has been and remains almost the only cane cultivated in
Cuba. For over forty years the dark-coloured variety was the principal
cane grown in Java, where its extended cultivation was established by
Gonsalves®® in 1850.  After the epidemic of the 'forties which affected the
original Otaheite stock in Mauritius, resource was had also to the dark-
coloured variety known as Belouguet.

In Mexico it is also a standard variety. = As White Transparent it has
been largely grown in the British West Indies, and as Home Purple has
formed the bulk of the Louisiana crop. =~ Grown under normal conditions
it has from 10 to IT per cent. of fibre, and the bagasse afforded appears
to ‘“steam’ badly. The percentage of sucrose and the purity are
very high, but inferior to that afforded by the Otaheite when the latter is
grown under the best conditions. Similarly, under the same conditions,
it is not such a heavy cropper, but is more resistant to fungus diseases and
is of a * hardy ” nature ; that is to say, it is not so readily affected by unto-
ward conditions and careléss cultivation. Like the Otaheite it does not
(deteriorate rapidly after maturity, and affords a long period of ratoonage.

The following irregularities in nomenclature may be noted :—

1. The dark-coloured variety is termed Otaheite in Bourbon.

2. In the collection at Audubon Park, New Orleans, the term Bourbon
is applied to the light-coloured variety.

3. In Jamaica, the light-coloured variety is, according to Cousins,’¢ the
Otaheite cane brought by Bligh.

4. Stubbs® states that the striped variety came originally from Tahiti
and is generally known as the Otaheite Ribbon cane, but he does not give
references, and this statement is in opposition to the earher references
already quoted. .

5. In Demerara a cane introduced under the name of Meera is identical
with the dark-coloured variety : Meera is a Malay term meaning red but
the Tibboo Meera of Soltwedel is quite distinct.

6. Rappoh is a Javanese term applied to a number of canes. In -
Queensland the term Rappoe or Rappoh is well established in connection
with the light-coloured variety. The Tibboo Rappoh of Soltwedel is a
greenish-brown cane with a well-marked bluish-white layer of wax at the
node ; the terms R. Kiang, R. Malda, R. Koenig and White Rappoh also
oceur.

8. The name Seete is applied by Fawcett?8 and by Dahl and Arendrup3t
to a greenish-yellow or white cane.

*Crystalina may be the literal translation of Transparent or vice versa,
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The term Crystalina has been given to the Salangore cane.

10. The Tibboo Soerat Mauritius of Soltwedel is an entirely different
cane. (Soerat is a Malay term meaning “‘ ribbon,” and T%bboo, Tebu or
Tabor, merely means *‘ cane.”)

The nomenclature of this very important cane has been more confused
than that of any other.  This is due to its introductions and re-introductions,
to its profound sporting habits, and to its appearance varying with conditions
of growth. A number of coloured drawings of canes accepted by the writer
as illustrative of the variation in this variety are preserved in the Kew
Herbarium. They were made under the direction of Sir Daniel Morris. The
names attached to this variety are :—

Light-Coloured Variety. La Pice, Le Sassier, Panachee, Tibboo Mird, Light
Java (Louisiana); White Transparent, Caledonian Queen, Mont Blanc, Burke
(British West Indies) ; Rose Bamboo (Hawaii, Mauritius, Australia). Rappoe
(Australia) ; Diard Rose, (Mauritius) ; Crystalina, Cineza (Cuba and Mexico) ;
Japara (Java) ; White Cheribon, Mexican Bamboo, Naga B. Blue, Hope, Green ;
Mamuri, Yellow Singapore; Yellow Violet, Criolla blanca and Cafia India de
Jujuy (Argentina).

Dark-Coloured Variety. Purple Transparent (British West Indies) ; Louisiana
Purple, Home Purple (Louisiana); Belouguet, Diard, (Mauritius); Black Cheribon,
Tibboo Etam, Gonsalves (Java); Queensland Creole (Australia) ; Cafia Morada
(Latin America); Black Java, Purple Violet, Tabor Numa, Purple Mauritius,
Purple Bamboo, Moore’s Purple, Dark Coloured Bamboo, Meera.

Striped Variety. Red Ribbon (British West Indies) ; Home Ribbon (Louisi~
ana); Striped Mexican, Striped Louisiana (Hawaii); Striped Cheribon, Striped
Preanger (Java); Diard Rayée Guinguam (Mauritius); San Salvador, Seete,
Striped Bamboo, Mauritius Bamboo, Transparent; Criolla rayada (Argentina).

Cowgill?? has given the following technical description of the striped
(Rayada) and the light-coloured (Crystalina) varieties.

Rayada.—Habit, erect to recumbent. Length, medium. Diameter, variable
but averaging about medium. Shape of stalk, more or less curved. Colour,
longitudinally striped with reddish-purple and light green, the stripes varying
in width with different stalks and different internodes; more or less glaucous.
Internodes, medium to short, slightly flattened, typically plump, and more or less
tumid on the side opposite the one on which the bud occurs, sometimes straight-
sided, often staggered ; furrow, medium to shallow but usually broad. Nodes,
medium size ; the portion above the leaf-scar often a little smaller in circumference
than the internode and usually a slightly projecting ring at the dividing line of the
node and the internode above; the depressed ring forming the portion below -
typically deep, especially below the bud ; the leaf-scar projecting from beneath
the bud ; rudimentary roots in about three rows. Buds, varying in size and in
relative length and width, typically broadly ovate-accuminate to broadly ovate in
outline, sometimes obtuse-angular ; usually plump; point, rounded to medium
acute ; margin, medium to wide, typically with medium to large lobes on the
sides, often bearded at the point. Foliage abundant, the dry leaves also retained
far down on the stalk, medium green in colour. Leaf, medium width, medium
length, tapering into a long point. Leaf sheath flattened laterally ; auricles,
medium to small, sometimes pointed on one side of the stalk; ligule, medium
length, with the upper edge rounded in outline. Vestiture of leaf sheath, a few
short seta in a line on the back. Vestiture of throat of sheath, medium coarse
hairs on, or adjacent to the auricles and on the edges of the base of the leaf, also
sometimes pubescent on the surface of the base of the leaf. Most important
distinguishing characteristics, colour and the shape of the buds.

This is the striped cane which is widely cultivated on this island. It is appa-
rently closely related to the Crystalina variety.

Crystalina.—Habit, erect to recumbent. Diameter, medium. Shape of
stalk, usually curved. Colour, varying from shades of greenish-red to straw colour,
sometimes tinted with violet or purple; very glaucous. Internodes, varying in
length, but averaging about medium ; varying also in shape, often tumid on the
side opposite the one on which the bud occurs, typically plump, and flattened
laterally ; furrow, medium depth. Nodes, medium size, typically larger in the
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upper part; the lower portion a distinctly de})ressed ring which is deepest below
the bud ; the leaf-scar projecting prominently from beneath the bud, but adhering
closely to the stalk on the opposite side ; rudimentary roots in three or four rows.
Buds, varying in length and width, usually plump; typically broadly ovate-
acuminate to triangular, with a margin medium to wide ; sometimes broadly ovate
or semi-elliptical ; lobes typically distinct; may or may not start to expand on
the standing cane. Foliage abundant, some of the dry leaves also adhere to the
stalk, medium green in colour. Leaf, medium width, medium length, tapering into a
long, acute point. Leaf sheath somewhat flattened laterally at the throat; auricles
medium size ; ligule, medium length, with the upper edge rounded in outline,
or occasionally slightly depressed in the centre. Vestiture of leaf sheath, a few
setz in a line on the back. Vestiture of throat of sheath, medium coarse hairs on
auricles, adjacent edges, and face of the leaf, and sometimes fine hairs on the
surface of the base of the leaf. Most important distinguishing charactenst1cs
colour and the form of the internodes and buds.

The following technical description of the Black Cheribon was given
the writer by Dr. Kobus :—

Colour, dark violet-red ; internodes, cylindrical, arranged in a faint zigzag
line ; eye, cordiform; rows of roots, three to four; channel above the eye,
distinct on two-thirds of the internodes ; colour of the pith, white; leaf sheath,
green-pink when sun-exposed ; few hairs on back; blade of leaf, dark green,
broad and long, top bending over, slightly lobed on one side at junction of sheath
and blade ; arrows occasionally, iemale fertile, male sterlle

These varieties are illustrated in Plates IT, 111, IV (pages 16, 33, 37). The
light and striped varieties were drawn from canes grown in Mauritius as Rose
and Striped Bamboo. The dark-coloured variety was drawn in Hawaii from
an imported Louisiana Purple.

A number of other varieties have been grown in Java, and as mention of
them occurs in the literature, and as they too have been introduced to other
countries, their names are placed on record. Of such there are Tibboo
Meerah or red cane, Tibboo Itam or black cane, this term being also applied
to the dark-coloured variety described above, Tibboo Soerat or striped cane,
the term Soerat appearing in many combinations, Assep, Njamplong, Awo
de Passeroan, Awo de Teloek Djambo.

Van Deventer5? describes a number of canes of interest in Java. Of
these the description of the Japara cane and of the Striped Preanger coincides
remarkably with the characteristics of the light-coloured and striped variety
forming the subject of this section. It is, however, remarkable that the
Java literature does not, as far as the writer has been able to find, contain
any discussion of bud variation and the relationships between striped and
self-coloured canes.  Other canes imported into Java in recent times and
which have been used in breeding and similar work are the green-striped and
black Borneo canes; the Fiji cane or Canne Morte, the White and Black
Manila canes and the Batjan canes in striped and self-coloured varieties.
The White and Black Manila canes may be synonymous with other canes
here described.

The Tanna or Caledonia Canes.—The canes referred to under this
heading, like the Batavian canes, are found in a dark, light and striped
variety, and are also connected by a complete cycle.

The cultivation, which is almost entirely confined to the light-coloured
variety, began only in the last quarter of the nineteenth century and is
confined to Mauritius, Hawaii, Fiji, and Australia. It is interesting to note
that Captain Cook records that the canes that he saw on the island of Tanna
were much larger than those that he saw on the island of Otaheite, and such
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a difference still obtains between the varieties now cultivated under those
names. The island of Tanna lies very close to that of New Caledonia, and
this may account for their presence in both islands, and for the double name.

All these varieties are very stout canes with internodes short in proportion
to length ; the percentage of fibre lies between 13 per cent. and 14 per cent.,
and the percentage of sugar seldom rises above 14 per cent. Under the
most favourable conditions of cultivation they are distinctly inferior to the
Otaheite and Batavian canes but succeed under climatic conditions un-
favourable to these. They are deep-rooting and hence drought-resistant,
and are also of a fungus-resistant type. Their high percentage of fibre
makes a crusher or other device necessary for successful milling, and their
bagasse is of such a nature as to steam well.

Owing to their later period of introduction, the confusion in nomenclature
found with the older varieties is not so intense ; the synonyms found are :—

Light-Coloured Variety.—White Tanna (Mauritius), Yellow Caledonia (Hawaii),
Malabar (Fiji), Daniel Dupont (Clarence River district of Australia),

Striped Variety.—Striped Tanna, Big Ribbon, Maillard.*

Dark-Coloured Variety.—Black Tanna.

These three varieties are shown in Figs. V, VI, VII (pages 44, 48, 53),
which were prepared from Mauritius-grown canes. The following description
is due to Cowgill2®: :

““ Yellow Caledonia.—Habit, erect. Length, long. Diameter, above medium.
Shape of stalk, straight. Colour, greenish-yellow, tinged with red on the upper
internodes and where exposed to the sun ; with fine dark-coloured cracks in the
epidermis ; more or less glaucous on the lower part of the node. Internodes, long
and quite uniform ; typically straight-sided, but sometimes slightly constricted
and sometimes slightly sub-conical ; no furrow. Nodes, rather large ; the portion
above the leaf-scar long and about the same diameter as the internodes; about
four rows of rudimentary roots ; leaf-scar projecting prominently from beneath the
bud. Buds, usually small but uniform, about as broad as long, typically ovate to
sub-elliptical in outline, plump and with a margin narrow but uniform as to width,
and following the shape of the bud ; scales, of fine texture; bearded at the tip
and sometimes pubescent on the sides. Foliage, abundant, green leaves inclined
to adhere to the stalk rather far down, but the dry leaves are shed ; medium dark
in colour. Leafbroad, long, tapering medium abruptly into a point. Leaf sheath,
large in circumference at the throat, colour light green with sometimes a pinkish
tinge ; auricles, small; ligule, medium length, with the upper edge depressed
in the centre. Vestiture of leaf sheath, a few sete in a line on the back. Vestiture
of throat of sheath, short hairs on the auricles, adjacent edges and face of the base
of the leaf, and sometimes back of the ligule ; also sometimes finely pubescent on
the base of the leaf. Most important distinguishing characters, colour, cracks in
the epidermis, and form of the internodes.”

The Salangore Cane.—This cane has a very peculiar history. Wray¥
writing in 1848 from experience in the Straits Settlements, describes it as
the finest in the world, and to his description is to be attributed the long
sustained interest in this variety. The most general experience on this
cane is however thus given by Harrison :—‘“ Some of us will doubtless
recollect the time when Mr. A. would plant a few acres of Salangore cane in
the hopes of getting better field returns and richer cane juice; how these
Salangores in some years flourished and raised hopes of heavy returns of
sugar, how in others they unaccountably languished ; but how, whether
they flourished or languished, one thing invariably characterized them—
miserably poor juice and consequent loss of money.”

*In the previous edition * Guingham > was given as a synonym of this cane; this term, due to a once
popular striped cotton fabric, was applied to the striped Java as early as 1800 in Jamaica. There has been some
confusion, however, and in some references the name seems to refer to the striped Otaheite. The term * False
Guingham * also appears and may refer to either of these canes.
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Wray, however, is not solely responsible for whatever of extension has
been granted to this cane. About 1843 it was, according to Boaton,*3
brought to Mauritinus by Giquel, and it was established as a cultivated
variety by Noel; but also in Mauritius, where it remained for many years in
somewhat extended cultivation, there was the same irregularity in its be-
haviour as was later observed by Harrison. It has also been grown to some
extent in Brazil and Porto Rico, and under the name of Green Transparent
still survives in Demerara. Harrison and Jenman?! thus describe this cane :

‘“ Cane numerous, erect, rather under average height, of nearly average
girth, much under average length of internodes, nodes slightly contracted ;
colour, whitish or greyish, suffused often with a grey hue, and touched with
carmine where sun-exposed. (Rarely arrows). Panicles large, copiously
bunched and flowered and well projected.”’

In addition, Wray records the presence of numerous setz, of much wax
on the stem, and the adherent nature of the dry leaves.

The names found attached to this cane are :—

Salangore, Portii, Tibboo biltong beraboo, Tibboo cappor, Pinang (Mauri-
tius, Brazil); Chinese (Bourbon); White Mauritius, Green Transparent,
Chalk Cane. In certain Spanish writings the term Cafia Rocha or Waxy.
Cane seems to refer to this variety.

Two canes introduced to Trinidad and named by Purdie, Green and
Violet Salangore, do not seem to be connected with this variety. Plate VIII
(page 60) shows this variety drawn from a specimen obtained in Porto Rico.

The Cavengerie Cane.—The cane which the writer has met under this
name, and which is referred to here, is a claret-coloured cane with an incon-
spicuous yet clearly defined bronze green, almost black, stripe. It possesses
the peculiarity of not infrequently throwing variegated or albino leaves.
An almost black sport, called Port Mackay Noir, is known in Mauritius.

This cane is probably of New Caledonian origin, for, amongst those im-
ported to Mauritius about 1869 by Lavignac, appears the name Kanangari,
following the spelling in" the Sugar Cane, 1870, 2, 674.

A very recent communication from Mr. Alfred Watts®l, however, states
that a cane received in Brazil from Mauritius about 1884 is a self-coloured
claret cane, so that some confusion is indicated. ©The same communication
states that a red cane with black stripe (the subject of this section) received in
Brazil, owing to misplaced labels, the name Louzier (g.v.), the real cane of that
name becoming known in Brazil as Port Mackay, the name usually attached
in Mauritius to the cane under discussion. This double confusion has
spread with cane importations from Brazil to Argentina and very recently
the Uba cane (g.v.), also from Brazil, has in Argentina become established as
Kavengire. ~ Yet another confusion has obtained in Java, where Kriiger
describes as Port Mackay a yellow-green cane with handsome prominent
brown blotches where sun-exposed.

In Sagot and Raoul’s ‘“Manuel pratique des Cultures Tropicales”
appears a list of New Caledonia canes transcribed from a manuscript of
M. Greslan of date 1884. Amongst these appears the Kavarangi canes,
described as dark red splashed with carmijne. This description corresponds
with the statement of Mr. Alfred Watts quoted above. In Porto Rico
three canes probably of this identity are recognised—a black, a red, and a
striped. The writer found Cavengerie in Mauritius as applied to the
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striped variety ; and under the spelling Scavenjerie Delteil also classed
a striped cane, presumably the one in question.

The names under which this cane appears are :—Cavengerie, Po-a-ole,
Altamattie, Port Mackay (Mauritius), Cafia Francesca (Porto Rico), Santo
Domingo (Cuba). It is illustrated in Plate IX (page 65) from a Port Mackay
as grown in Mauritius. :

This cane affords a less pure juice than the Otaheite. Cheribon and Tanna
canes, but seems to be adapted for extra-tropical localities. It has been
cultivated to some extent in Mauritius, Australia, Argentina and Porto
Rico, where it was introduced from Mauritius after a disease epidemic in 1872.

The detailed description by Cowgill?? follows :—

Cavengerie.—Habit erect to reclining. Length medium. Diameter medium.
Shape of stalk more or less curved. Colour dark wine or greenish-red, with faint
greenish to bronze longitudinal stripes; the lower part of the node more or less
glaucous. Internodes nearly round in cross-section, medium to long, typically
almost straight-sided, but sometimes inclined to be tumid in the lower half ; often
more or less staggered ; furrow very shallow. Nodes small; the leaf-scar often
oblique, usually a slightly prominent ring at the upper limit of the node; the
depressed ring forming the portion of the node below narrow and shallow ; two,
to occasionally three, rows of rudimentary roots. Buds usually dark in colour,
typically plump and very short, with the margin scarcely perceptible, and the
point round and obtuse, set in a cavity of the stalk ; but sometimes longer and the
point more acute. Foliage abundant, medium green in colour. Leaf medium width,
medium to short, semi-erect, tapering to a fine point rather abruptly. Leaf
sheath slightly flattened at the throat; colour reddish green, striped with light,
longitudinal stripes ; auricles small ; ligule medium to narrow, turned in toward
the stalk, and with the upper edge depressed in the centre.  Vestiture of the leaf
sheath many sharp stiff setze. Vestiture of throat of sheath straight, rather short
hairs on the auricles, adjacent edges of the leaf and leaf sheath, and sometimes
on the face of the base of the leaf. Most important distinguishing characters, colour,
striped leaf sheath, and form of the buds.

Bamboo Canes.—This term frequently appears in the older literature,
and is very generally applied to the varieties described under the term
Java or Batavian canes. In the Hawaiian Islands a cane still grown on
higher elevations is called Yellow Bamboo, and was originally brought
forward as a graft; it is probably an introduced cane of uncertain origin.
It is a rather small yellow cane, with a narrow rich green leaf, the sheath of
‘which is thickly covered with prickles; the internodes are slightly convex,
and the eye is small and round.

The term Bamboo is also at a very early date attached to the Kullore,
Cullerah or Kulloa cane of India. This is described by Roxburgh’ as a
light-coloured cane, growing to a great height, and to be found on swampy
land. Delteil® describes it of a yellow, pale green, and pink colour. Stubbs®
calls attention to its enlarged nodes and prominent eyes.

The Tip Canes.—The Striped Tip, and its per salfum variant the Yellow
Tip, are grown at higher altitudes in the Hawaiian Islands. The striped
variety is a small, thickly stooling cane striped dark red and pinkish green,
changing at maturity to yellowish red and yellow. The sheaths of the
young leaves have light-purplish margins and are covered with long prickles
which rub off easily and disappear as the leaf dies. The eye is large, long,
and pointed ; the nodes are prominent, and the internodes concave and
channelled from the eye upwards. The self-coloured variety is similar, but
with absence of the purple leaf margin.

These canes are very similar to certain canes found in Mauritius, under
the names Branchu rayée and Branchu blanche.
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The Uba Cane.—This cane is of peculiar interest and history. It first
appears in the more recent history of the cane as one of a number imported
to Mauritius from Brazil in 18692, and it is mentioned as a well-established
variety in Brazil in a report appearing in the Sugar Cane for June, July and
August, 1879. '

In 1882z and 1883 Messrs. Daniel de Pass & Co., of Réunion, Natal, im-
ported canes from both Mauritius and India. Among these was one bag
with a damaged label on which was to be read the letters ““ Uba,” and
these letters were taken to be but a part of the name of the cane, and hence
arose a legend that the Uba cane represented another with a longer name
containing these letters, whereas actually the correct name had been de-
ciphered from the damaged label. ;

More lately Barber has recognised this cane as one of the Pansahi group
indigenous to Northern India ; and its presence in Brazil, evidently from
early times, is unexplained. The most reasonable supposition is that it
was brought by the Portuguese from India, and not as the writer once
suggested that it is the original Creole cane which travelled from India
via the Mediterranean to the West Indies.

The origin of the word Uba is to be found in Piso’s$® description of
Brazil (1658) where Viba (and elsewhere Vuba) is given as the native Brazilian
term for a reed, and was used at that time as a synonym of the sugar cane.
To this cane is also attached the terms ‘ Japanese Cane,” ‘‘ Kavengire ”
(evidently a corruption and misapplication of Cavengerie), and in Argentina
“ Bambou de Tabandi "’ and ““ Sin Nombre 54.”

This cane is very different from other cultivated varieties. It is only
about half an inch in diameter, with internodes up to six inches long. Itis
of a green colour, with a very heavy coating of wax, giving it a bluish bloom,
and it contains an exceptional quantity of fibre, reaching up to 17 per cent.
The juice afforded by it is of reasonable density and purity.

The 7Zwinga cane, also in some cases called Japanese Cane, is similar, with
the exception of a swollen node, that of the Uba being equidiametrical
with the internode. The application of the term ‘‘ Japanese’ merely
implies that at some time these canes travelled from India to Japan, and
thence to other parts of the world.

Plate X (page 80) shows the cane, as drawn from a specimen obtained
in Porto Rico, with ascertained pedigree from Brazil, via Argentina.

The Elephant Cane.—This cane was originally described by Loureiro®
as growing in Cochin China, and it has acquired a certain celebrity in the
literature of the cane. Tt is stated that it is allowed to grow undisturbed
for five or six years as an ornamental plant, when it reaches a height of thirty
feet. It is of no importance as a sugar producer, although it has not in-
frequently been tried on the large scale. The Elephant cane is figured by
Soltwedel?® under the name of Teboe Gadjah as of a very dark greenish-grey,
almost black colour, irregularly blotched with greenish-yellow patches. The
name does not apparently refer to its size but to its use as a food for elephants.

Indian Canes.—Although India is the oldest of all cane-growing countries,
it is only of quite recent years that detailed studies of the numerous varieties
indigenous to that peninsula have been made. This neglect is all the more
unfortunate since these Indian canes are radically distinct from the varieties
grown elsewhere, the origin of most of which is the South Pacific. In the
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first edition of this book the writer commented on this difference, and sug-
gested a quite independent origin of the Indian and South Pacific canes.
The difference has also attracted the notice of Barber®?, who has discussed
it at length, and comes to the conclusion that these types of canes are to be
separated.

From the older literature of the cane, the following excerpts may be made :
Roxburgh®® mentions the Kujooli a purple cane, the Poorea a light-coloured
cane, and the Kulloor a white cane grown on swampy land: The two first
are illustrated in a report dated 1824, and due to the Hon. East India Co.
Drury®® mentions the following canes as grown in Mysore :—Restali, Putta-
putti, Maracabo, and Cuttaycabo.

The more modern studies commence with Hadi??, who classifies the Indian
canes as they occur in the United Provinces of Agra and Oude into Ukh,
Ganna, and Paunda canes.  The first class is a very narrow reed-like cane
with short internodes, slightly constricted at the node ; within the stalk is a
well-defined central fistula. The surface colour may be green, yellow or
red, or yellow blotched with red. The leaves are small, narrow, and dark
green. These canes are avowedly very close to Saccharum spontaneum.
The one which has become best known outside of India is the Chin or Chunnee
cane, used by Kobus as the male parent in his hybridization work in Java.

The Ganna canes are taller and thicker than those in the Ukh class,
have no fistula, and their leaves are longer and broader. Of these canes
that which has become most known outside of India is the Uba (g.v.)

The Paunda canes are the introduced thick tropical canes. One at
least, as the Samsara, has travelled as an Indian cane. Mollison and Leather™
suggest division of Indian canes into five classes. Apparently their A and C
classes would correspond with Hadi’'s Paunda and Ganna canes; their
B and D classes including the yellow and green Ukh canes; the red Ukh
canes forming their E class.

Barber,?2in the most recent work, adopts tentatively five classes for canes
strictly indigenous to India. These are (1) Mungo group, containing 24
varieties ; (2) Saretha group, with 17 varieties, including therein the Chunnee
cane; (3) Sunnabile group, with 15 varieties; (4) Pansahi group, with 12
varieties, including the Uba cane; (5) Nargori group, with 12 varieties.
The Samsara cane of India is a Paunda cane, which has travelled out again
from India as a cane connected therewith.

Mauritius Canes.—The planters of Mauritius have always been industrious
in the introduction of new varieties. ~ Occasionally in the literature the
names of canes thus introduced appear, and, as a matter of record, some of
these names are given :—Branchu, Chigaca, Boisrouge, Canne morte, Mappou
perlé, Poudre d’Or, Tamarin, Iscambine. No one of them has ever become
important.

Brazilian Canes,—The canes common in Brazil are described by Sawyer 78
Many of these canes have also been sent to Argentina and appear in the
recent literature of that country.

The Cayanna or Antiga is evidently the Otaheite cane.

The Black cane is believed by Sawyer to be the Cheribon cane.

‘The Imperial is a green and yellow-striped cane.

The Manteiga, Envernizada, Calvacante, Flar de Cuba, San Pello, are names
applied to a butter-coloured cane.
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The Aleijada is a seedling cane destitute of hairs, with one or more abortive
internodes on every stalk.

The Crystalina, the description of which fits the White Transparent, etc.

The Roxa Lousler, introduced from Mauritius.

The Salangore, the description of which fits that of this cane already given.

The Cinzenta or Grossona, similar to the Salangore when young, and at maturity
approaching the Cayanna Antlga and referred to as being of merit.

The Ferrea or Cavengerie, a bright-purple cane, and hence distinct from the
Cavengerie already described.

The Bois rouge or Vermehla, introduced from Mauritius, and of a ruby-red
colour, is regarded as an inferior variety.

The Bronzeada or Roxinha, resembling the Crystalina when young, and the
Antiga at maturity.

The Cayanninha, much resembling the Antiga.

New Guinea Canes.—Of late  years canes have been introduced from
New Guinea to Queensland, the Badilla and Goru canes being of some 1mport-
ance. The following descriptions are due to Maxwell.53

N. G. 8a, or Gogari—Dull, deep-green cane, of moderately stout habat,
turning red on exposure ; internodes, 4-6 inches ; occasionally grooved, flesh yellow.

N. G. 15, or Badilla.—A dark purple to black cane, stout, with white waxy
rings at the nodes, internodes 2-3 inches, often longer in ratoons, of erect habit,
foliage somewhat erect, very green and in young cane often of a reddish tinge,
flesh white, of high sugar content, often weighs up to 1 1b. per foot.

N. G. 24, or Goru or Goru possi possana.—A moderately stout greenish-brown
to copper-coloured cane, joints zigzag, internodes 34 inches, slight waxy bloom,
basal end develops roots, upper eyes sometimes shoot, foliage broad and plentiful,
flesh yellow.

N. G. 24a, or Goru seela seelana.—Like N.G. 24 but striped with red, moderately
stout, internodes 3-4 inches, foliage broad and plentiful, flesh yellow.

N. G. 24b, or Goru bunu bunana.—Like N.G. 24 in shape but of a yellow to
yellowish green colour, sometimes marked on exposure with reddish granular spots,
internodes 3-4 inches, eyes full and prominent, foliage broad and plentiful,- flesh
yellow.

N. G. 64.—A brownish to olive cane striped with claret, with small linear
skin cracks, moderately stout, internodes 3-5 inches, contracted at nodes and
bulging towards centre, foliage red to purple when young, flesh white.

Hawaiian Canes.—Some of the native canes of these islands have been
described by C. N. Spencer? as under. The native legends indicate that
these islands were settled by voyagers from the South Pacific, who carried
the cane, together with other fruits. In such a case the cane would not
be strictly indigenous to these islands. : ‘

Ko Kea—A greenish-white cane, not unlike the Otaheite, and the one most
commonly grown before the introduction of the latter. g

Ainakea.—A green and red-striped cane, which Stubbs, quoting from a letter,
says was brought from Mauritius, where it is known, he says, as the light-striped
cIl3ourbon This latter cane, though similar, is within the writer's knowledge

istinct :

Oliana.—A yellow very woody cane. . -
Papaa.—A purple cane.
Palania.—A purple cane.

The Hawaiian purple-leaved cane is called the Mamulele.
New Caledonia Canes,—For lists of these under native names, reference

may be made to Sagot and Raoul’s ‘“Manuel pratique des Cultures
Tropicales.”
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CHAPTER V

THE SoiLs OF THE CANE-GROWING REGIONS

THE whole subject of the soil and of soils is one of such great magnitude
that no attempt is made here to treat the matter in any but the very barest
outline. ~ Soil problems in their general significance are best studied in
specialized treatises of which many excellent examples are to be found ;
the principles there elaborated, though usually exemplified with reference
to the conditions and crops of temperate climates, are equally applicable
to the cane and tropical conditions.

The cane itself is a plant that requires a large quantity of water, and
therefore a soil type that has a considerable water-retaining capacity is
preferable.  Clay soils in general belong to this type. sandy soils lying at
the other extreme. ~ The matter is, however, also influenced by the nature of
the underlying stratum, by the height of the water table,and climatologically
by the rainfall and its distribution.  Artificial factors come into play when
irrigation water is available in abundance, whereby the factor of water-
holding capacity is largely eliminated. ’

Classification of Soils.—The classification of soils has been based by
students of the question on a variety of lines embracing the rock origin,
mode of formation, and physical structure. Based on rock origin, soils are
divided into two great classes: those derived from acidic, and those from
basic rocks. The former class includes those rocks that contain from
65 to 75 per cent. of silica, those with 40 to 55 per cent. being classed as basic
" rocks. There is, however, no sharp line of cleavage, and one class passes
insensibly into the other. Merril'! gives the following examples of the
composition of typical rocks of the three types :—

Silica per cent.

Granite .. 55 77*65—62° 90
Acipic Leparite . .. s 76+ 06—67° 71
Obsidian LR 82-80—71-19
Syemite . .o 72°20—54° 65
Trachyte v 64+ 00—60°00
SN TERED AP Hyalotrachyte .. 64° 00—60° 00
Andesite . . 66°75—54°73
Diabase 3 54°00—48+ 00
Bhere Basalt .. iz 50° 59—40° 74
Peridetite % 42+65—33°73
* \ Peridetite (Iron rich) 23-00

The term andesite, which was used originally with regard to peculiar
formations in the Andes, seems to be used by some writers as almost synony-
mous with acidic.  Generally the acidic formations are much older than are
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the basic rocks, which are mainly found in regions of comparatively recent
volcanic activity. The soils formed from the acidic rocks contain in general
more potash than do those of a basaltic origin, these being characterized
by the presence of larger quantities of iron and of lime.

The following figures, due to Burgess? as the mean result of the analysis
of 1547 American mainland soils, and of 515 analyses of Hawaiian soils,
illustrate the differences in composition between soils derived from acidic
and those from basic rocks. The analyses were made by official American
method, 1.e., digestion in hydrochloric acid of sp. gr. 1-115 for 10 hours
at 100° C.

MATERIAL. AMERICAN, HAWAIIAN, MATERIAL. AMERICAN. HAwAIAN.
Total silica .. «s 8552  -32:63 Manganese oxide 0-12 0° 50
Soluble silica 6-40 17°59 Ferrous & ferric oxide 3+ 81 2802
Potash .. 0-40 0°34 Alumina .. i 515 2072
Soda .. -3 FeNe ey 0-35 Phosphoric acid 0-16 0°35
Lime 0°75 1-30 Sulphuric acid .. 0°04 0-32
Magnesia 0:68 118 Nitrogen 0-18 0-33

Classed according to physical condition, soil physicists recognise four
main types of soils: gravels, sands, loams and clays. To these are to be
added intermediate classes as sandy loams, clay loams, etc. The distinction
which is based on the size of the soil particles is entirely arbitrary, and one
type passes insensibly into another. In the United States the distinction is
generally as indicated below—other arbitrary and allied distinctions ob-
taining elsewhere :—

Gravel :—Particles greater than o o5 inch in diameter.
Coarse sand :—Particles with diameter lying between o0-05 and o-o02 inch diameter.

Medium sand :(— ,, ¥ U i '8k 0-02 and o-o01 2
Fine sand :— 5 X 5 4 5 o-or and o0-004 =
Very fine sand :— ,, T 2 % kS, 0-004 and 0- 002 it
Silt :(— > ¥ o “ % 0+002 and 0+ 0002 33
Clay :— - T >4 less than 0+ 0002 inch diameter.

A third method of classifying soils separates them into stationary and
transported soils. In the former class are those formed ¢n situ as on plat-
eaus and on lands of small gradient, and as such their composition reflects
that of the underlying rocks from which they are formed. Transported
soils are either wind or water-borne, or else have been conveyed by glacial
drift. When the motion is slow, as on the gentler slopes of a mountain
area, the term colluvial is applied ; such a motion usually takes place under
the influence of rainfall. When the soil is transported by a river, and finally
deposited in its overflow as a silt, the term alluvial is used, the glacial drift
formation receiving the term diluvial.

To these types should be added the peat and bog soils that are formed i
situ, and to which the term cumulose is given; other distinctions of less
importance are those differentiating between humid and arid soils, temperate
and tropical formations.

It is at once apparent that all these distinctions overlap. A stationary
soil may be either basic or acidic, and an alluvial soil will partake of the
nature of the material over which has flowed the river to which its forma-
tion is due. This may be either basic or acidic, or a combination of both
types, and the nature of the soil will be influenced by the character of the
formation upon which the deposit is made.

F
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Tropieal Soils.—It may not be going too far to say that the tropical soils
upon which the sugar cane is.grown fall into two great divisions—those
derived from acidic rocks of very ancient formation, and those derived from
basic rocks due to comparatively recent volcanic agency. The former
class includes most of the continental areas where the cane is grown, and
here belong the regions derived from the Andes, Peru, and the north-eastern
part of South America which has been built up by the Amazon, the alluvial
plains formed by the Nile, and by the Mississippi and the Red River, and the
central or Mackay district of Queensland.  In much of Java, too, andesite
formation is dominant, although recent basaltic rocks also occur. In the
other formations fall most of the insular areas formed by comparatively
recent volcanic action, and here are included the chain of the West Indian
Islands, the islands of Mauiitius and Réunion, the Philippines and the
Hawaiian Archipelago. The Bundaberg district of Queensland is of this
formation also. This distinction, which is broad rather than particular, is .
open to modification in many ways, the most important being the frequent
occurrence of limestone rocks, whether of coralline or other formation.
Tertiary limestone formations are characteristic of Cuba, and they also modify
the soil type in Java and in the Philippines ; the island of Barbados is an
instance of an essentially unmodified limestone formation.

A peculiar type of soil especially connected with the tropics is that
known as a laterite.  This term derived from latus, a brick, was originally
used in connection with certain brick-red formations, forming a super-
ficial covering over a great part of India. ~ These soils are essentially derived
from basaltic rocks, and are characterized by a very high percentage of iron
and alumina. ~When wet they resemble a typical clay, but differ therefrom
in not adhering after drying ; they are extremely hygroscopic, and when air-
dry contain as much as 20 per cent. of water. Besides occurring in India,
the red soils of Cuba and other parts of the West Indies, and a great
portion of those of the Hawaiian Islands, are typical laterites; they also
occur to a considerable extent in the sugar-producing areas of Brazil.

Yet another distinction may be made between soils as they occur in
the tropics, based on the. climatic conditions obtaining over the epoch
of their formation. They fall into the arid and humid types; the former
‘are often red in colour, and the latter are generally black. The colour in
the latter case is due tq the large proportion of organic matter present, and
this forms the main distinction between the two types, since climatic condi-
tions do not affect the composition of the soil, as derived from its rock
origin.  This distinction into red and black soils is very common ; it appears
in the Hawaiian Islands, the upland soils formed in a zone of heavy rain being
black, while the arid littoral formation affords a typical red laterite. The
Cuban soils are also classed as red and black soils, the same distinction
obtaining in Barbados. This difference is also recorded in Grainger’s
didactic poem ‘ The Sugar Cane,” written in 1768.

Analysis of Soils.—Many years ago the composition of the soil, as obtained
by analysis, was thought to be the dominant factor in determining its fer-
tility. With added experience it has come to be recognised that other
factors such as physical condition, tilth, drainage, bacterial activity, and
the presence of relatively small quantities of obnoxious substances, have
at least an equal importance. The productivity of a soil is, however, not so
much governed by the combined effect of all the controlling factors as by
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the influence of one decisive feature.  This is the law of the minimum
first put forward by Liebig, mainly with reference to the chemical composition
of the soil.  Paraphrased, this law states that the crop yield is determined
by the deficiency in one element, and not by a sufficiency or superabundance
in others. This law may be extended to other influences such as the physical
condition of the soil, the available water supply, and the suitability of the
soil as a habitat for beneficial soil organisms ; and it is only when all these
conditions are at a maximum that the maximum crops result. Conversely,
when no condition necessary for crop production is absent, a soil may be
infertile, owing to the presence of undesirable factors. Such factors may be
the presence of reducing substances such as ferrous salts, chlorides to which
the cane is to some extent resistant, acidity which may be occasioned by the
use of overmuch sulphate of ammonia, and alkalinity, particularly that form
known as ‘‘ black alkali,” which may be caused by the overlong use of
nitrate of soda.

As now carried out, three schemes are used for determining the chemical
analysis of soil. The first, seldom employed except for special purposes,
makes a complete analysis, using hydrofluoric acid as the solvent. The
second employs strong acid, usually hydrochloric, and the third a weak
acid. The two former methods are used to obtain an idea of the potential
fertility of the soil over long periods, whereas the third is designed to give
information regarding the immediately available plant food. 1In the com-
parison and interpretation of analyses, it is necessary to know the method
used :—That known as the U.S. official method uses hydrochloric acid of
specific gravity 1-115 (22-96 per cent), 10 grams of soil being extracted
with 100 cc. solvent for 10 hours at 100°C. The German method employs
‘25 per cent. hydrochloric acid, the action being allowed to take place over
48 hours at room temperature with frequent shaking. Following on Wiley3
this scheme dissolves only one-fifth to one-sixth the potash obtained by hot
digestion, this latter procedure being also followed generally by British
chemists. French practice uses nitric acid as the solvent.

The interpretation of analyses with strong acid as solvent is difficult.
Hilgard,* referring to hot hydrochloric acid as solvent, states :—‘‘ Generally,
phosphoric acid less than o-05 per cent. indicates deficiency, unless much
lime is present. Heavier virgin soils with more than o-1 per cent. and a
fair amount of lime, are good for 8 to 15 years’ continuous cropping ; with less
lime o-2 per cent. is necessary for the same period. Large quantities of
organic matter offset low phosphoric acid, which is, on the other hand,
rendered inefficient by much ferric oxide. Referring to potash, he fixes the
limits in sandy soils, sandy loams, loams and clays as o-I per cent., 0-1
to 0-3 per cent., 0-3 to 0-45 per cent., and 0-45 to 0-8 per cent. respec-
tively, and thinks that soils with less than o-25 per cent. potash are likely
to benefit by potash manures. As regards lime for sandy soils and clay
loams, he adopts o-1 per cent. and 0-25 per cent. as the lower admissible
limits for normal crop production, and sees no benefit when the lime rises
above 2 per cent. The lower limit for nitrogen is usually taken as o-1
per cent.

As regards the available plant food, the method of Dyer, employing
I per cent. citric acid as the solvent is very largely used. He considered
that when the phosphoric acid or potash fell below 0-01 per cent. the need of
manuring with these materials was indicated. This standard is to be re-
garded as an indication rather than as an absolute figure ;  for Demerara
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soils, Harrison has reduced the limit to 0-007 per cent, and other standards
not departing much from those proposed by Dyer? have been considered as
applicable to special conditions by other students of the soil.

Special Points with regard to Cane Soils.—It follows from the survey given
above that the cane is grown on soil types of widely variant characteristics.
At the one extreme are the very ancient andesite formations, the other
extreme being occupied by the laterite soils formed from the more recent
basaltic lavas. It would then appear to be unreasonable to say that the
cane is peculiarly adapted to any one particular type; neverthelsss, the
opinions of various students of cane agriculture are of sufficient interest to be
recorded.

The eminent Cuban agronomist, Reynoso®, wrote in the middle of the
last century :(—

‘“ Experience has shown that lime is a nece-sary element in the constitution
of soils most appropriate to the cane; in calcareous soils not only are the most
robust canes grown, but these also afford juices richest in sugar from which is
easily extracted the desited product. These soils are both of great return and
very sacchariferous, but it must not be forgotten that lime is but cne element
which, associated with others, forms good soils.”

Delteil?, referring to experience in Mauritius and Réunion, makes the
following statement :— :

“ In mellow open soils, watered by rain or irrigation, the cane becomes fine
and large and gives much sugar. In light sandy soils, or in volcanic soils of recent
origin, the juice is very sweet, but the canes are somewhat small. In calcareous
soils, the canes develop superlatively well, the juice is rich and easy to work. In
alluvial soils too moist or too rich in alkalies, the canes have a fine appearance,
but the juices are poor in sugar, work with difficulty and produce much molasses.”

Bondme?®, whose experience in Guadeloupe and Mauritius has been very
extensive, makes the following pertinent obsetvations on cane soils and
climate :— : -

‘“ The cane grows more or less well in all soils if it receives the care and manures
that its economy demands; but to develop vigorously, and to supply a juice rich
in sugar, it demands a deep and free soil. The physical properties of thesoil are
at least as important as its chemical composition, and if irrigation is possible during
the dry season its ccolness wili naturally be one of the most important factors
in the production.

‘“ The most favourable nature of the soil varies with the climate.

‘“ Where rain is abundant the soil should be light and porous; if rains are
scanty a too light soil will dry rapidly, and vegetation will be checked ; the cane
will not completely die, but in place of giving large stalks rich in sugar, it will
produce small, hard, dry and woody stalks. With a relatively dry climate a heavy
soil will give good returns if the rains are evenly distributed.

““ With a rainfall of 5 to 6 metres (197 to 236 inches) a sandy soil, draining
easily, will give an abundant return with a high consumption of manure. A
clay soil, especially if it is situated on a plain, will be constantly saturated with
stagnant water, which will prevent the aeration of the soil ; the canes will develop
feebly, and their roots will rot little by little, leading to the death of the stalk.

* Some alluvial soils produce a luxuriant vegetation in wet years. The canes
are very fine but very watery. -

‘“ Other things being equal, a calcareous clay soil, not excessively light, will
give sweeter canes than a clay containing vegetable debris, but the yield will
generally be less abundant. If the rains are sufficient and conveniently divided,
returns both for the cultivator and the manufacturer will be excellent. If the
season is wet the advantage will remain with the lighter soils, while if it is dry the
canes will suffer much and will afford stunted and woody stalks.

‘‘ High and almost constant results will be obtained with irrigation and porous
soils ; for the growth can be regulated at will, and conducted in a fashion so as to
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obtain the maximum cultural and industrial return, promoting the size of the cane .
and its leaf development in the first stages of its growth and without intermission,
until t‘ne time arrives when it isnecessary to develop the juices formed atan early
stage.”

The various points in question are here very ably stated by Boname, and
briefly it may be said that the cane will succeed on any fertile soil, and that
the success will be measured by the extent to which those principles common
to all agriculture are carried out. The consensus of opinion that calcareous
soils are especially suited to the cane may best be looked at in the light of the
knowledge that generally soils thus derived are amongst the most fertile
known.

In the course of the soil studies that have been extensively pursued in
all parts of the tropics, one or two points of special interest have arisen.
Thus Kelly® has observed that the large quantities of manganese present in
many Hawaiian soils are without any harmful action on the cane, though
these soils prevent pineapples from making a normal growth. The cane is
able also to grow normally on soils containing a larger proportion of salt, and
this property is reflected in some of the ash analyses quoted in Chapter II.
Soils of this nature occur in Demerara and the Straits Settlements, and Du
Beaufret has recorded that in French Guiana periodic renovation of the cane

" fields is obtained by flooding them with sea water. The matter has been
discussed by Geerligs'?, who inclines to the opinion that, while the cane is
not halophilous or benefited by the presence of chlorides, it can still give:
a normal growth on soils containing considerable quantities of salt.

A type of soil of not infrequent occurrence in the West Indies is the
outcrop of limestone, in which the calcium carbonate may reach as much as
40 per cent. Cane grown on these soils exhibits chlorosis indicated by the ap-
pearance of longltudmal yellow stripes in the leaves. The appearance
is similar to that found in the yellow stripe disease (cf. Chapter IX). The
condition is caused by disturbance in the mineral nutrition of the plant, and
can be remedied by spraying with iron salts!?, though this scheme .is not
commercially feasible.

Apart from the cane generally but considered only in its varietal aspect,
many observations have been made indicating that certain varieties are
specific in their choice of soils. Thus the variety B 208 fails in heavy clays
but succeeds in lighter soils. On the other hand, D 625 has been found
specifically suited to heavy and moderately heavy clays. In Java also
similar peculiarities are known ; the cane P.O.J. 100 growing best on light
{riable soils, a second great Java variety, Bouricius 247, preferring a stiff
clay. Many other instances of this nature can be quoted.

THE SoILS OF SOME SUGAR-PRODUCING DISTRICTS.

Studies, general and specific and in greater and less detail, have been
made of the soils of many suga.r-producmg districts.  Some account of
these is given below.

Argentina Soils.—The soils of this locality belong to the acidic type.
The following analyses of thirteen soils under cane cultivation are due to
Hall.22
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COMPOSITION oF TucumaN SoiLs (HaLryr).

Maximum. = Minimum. Average.
Insoluble .. i o 85°92 80-02 82-79
Organic matter .. Pl A TOYIY 476 6-82
Iron and alumina .. 51 9°65 7°65 - 8+55
Lime P g .- 0°77 O 41 0-58
Magnesia .. s e 0°58 0°13 027
Soda . 35 g 25 0°37 017 0-25
Potash X P 0°96 0435 0+65
Phosphoric acid .. o 0-16 0°05 0-09
Sulphuric acid o g 0-10 0:05 0°07
Carbonic acid % e 0°04 trace. 0°02
Chlorine ot o s 0.02 0+0I 0+ 01
Nitrogen .. ke £ 0-29 0-10 0-18

British Guiana Soils.—The soils of this colony have been critically
examined by Harrison.® He distinguishes eight types of soil, of which only
three occur within the part where the cane is cultivated. These three are :—

I. The clay soils of the alluvial coast lands.
II. The sand reef soils of the alluvial coast lands.
III. The peaty or ‘‘ pegass” soils of the alluvial coast lands.
Of these soils he writes :— 2 2

‘“ Experience has indicated to us that in Class I we find soils of marked
fertility : soils which, with careful cultivation and tillage, should not alone retain
their fertility for long periods, but give gradually increasing returns. These are
the sugar cane and rice lands of the colony.

‘“In Class II we. have the soils which are not infrequently met with in belts
known as sand reefs crossing sugar estates. They are to a great extent practically
useless for economic cultivation.

““ Class JII consists of soils frequently characteristic of parts of the sugar
estates, and of which much of the swamps and wet savannahs of the back parts of
the alluvial coast lands consists. They also are found very commonly at short
distances back from the banks of the lower parts of our rivers and creeks. As
indicated earlier in this report, they are essentially peat soils, and as such are
unsatisfactory and difficult to work. But given tillage, diainage, and amelioration
of their texture by admixture with the underlying clays, they offer mines_of wealth
in plant food for future agriculturists in this colony.”

Harrison states that :—

“ The alluvial soils of British Guiana are largely derived from sea-borne mud
from the Amazon river, and are not delta soils of the Guianan rivers.

The mean composition of the coast soils included in Class I he gives as :—

Per cent.
Nitrogen .. 5T 0°+209
Lime n N5 0-212) Soluble in 20 per cent. hydrochloric acid at
Potash 3 . 0° 42 5} the temperature of boiling water over
Phosphoric Acid . 0:072 five working days.

. A tract of virgin savannah land, situated six miles west of the Berbice
river and four miles from the coast, was found by the wnter to be of the
following average composition :—

Total quantities Soluble in 1 per cent.
= per cent. on citric acid with 5 hours”
f air-dry soﬂ x continual shaking,
Lime .. = 52 0°153 55 0°:0312
Magnesia I o 0°539 55 02635
Potash .. o 1-467 s 0°0162
Phosphoric Acid g 0-093 55 0°0034
Humus o3 iz G+ 013 53 _
Nitrogen o5z oar il 0° 479 ) —

¢ Determined by solution in hydroﬂuoric acid.
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The soil was a tenacious grey clay underlying a layer of ‘‘ pegass ”’ from
three to six inches deep, and was sampled to a depth of one foot.

British India Soils.—The annexed note on the soils of British India,
abridged from an account by Leather!, treats of the soils generally and not
specifically with reference to the cane. Mainly four types are recognised :—
(1) the Indo-Gangetic and other alluvial deposits; (2) the black cotton or
“regur ” soils; (3) the red soils of Madras overlying metamorphic rocks ;
(4) laterite soils. Generally all the soils contain large quantities of iron
and alumina, with ample supplies of potash and magnesia. The lime,
phosphoric acid and hitrogen are usually low, being in the order named
on an average less than o-1 per cent., 0-I per cent., and 0-05 per cent.
The quantity of phosphoric acid indicated as available by Dyer’s method is
not however, unusually deficient.

Cuban Soils.—The soils of Cuba upon which the cane is grown are divided
by F. S. Earle'® into three classes, and are thus described by him :(—

The Red Lands.—These are found mainly in Havana and Mantanzas provinces,
but they occur also in eastern Pinar del Rio and in certain areas near the coast in
the three eastern provinces. This red soil has many peculiar qualities. It is very
sticky when wet and is heavy and difficult to cultivate, and yet it allows water to
pass through it as readily as through the lightest sand. Within a few hours after
a heavy shower, if the sun shines, the surface will begin to dry, and it will be
possible to run ploughs and cultivators. There is no subsoil, as the red surface soil
extends down practically unchanged to the bed rock, which is always a cavernous
limestone pierced with numerous subterranean passages which provide a perfect
natural under-drainage. There are very few streams or rivers in the red lands, as
the rain water sinks so readily into the soil and is carried off by these underground
passages, finally finding a vent in great springs, many of which come out in the
bottom of the sea, forming the spots of fiesh water which are known to occur along
certain parts of the Cuban coast. This remarkable natural diainage makes these
soils easy to cultivate during the rainy season, but for the same reason they become
too dry for most crops during the winter, except where artificially watered.
Irrigation on a large scale will always be difficult on these lands, on account of lack
of available streams, and because so much water will soak away in the canals and
ditches that a large head will be required in order to cover a comparatively small
area, :

Taking everything into consideration, these lands are probably the most satis-
factory on the island for sugar production. With good management and with
favourable seasons the best black lands will yield somewhat heavier crops ; and itis
claimed by some that the cane from black lands is somewhat richer in sucrose ; but
the crop on the red lands is always certain, never being injured by excessive rains,
and it is always possible to give sufficiently frequent tillage to keep down the weeds.
The cultivation is cheaper also, as no expensive drainage ditches are needed, and no
ridging up of the rows is required, level culture being best for these lands. The
red soil is well supplied with the mineral elements of fertility, and, on account of
its depth, it stands successive cropping for many years. No soils respond better to
the use of fertilizers, and none can be built up more quickly by the growth of
leguminous crops for green manuring.

Black Soils with a White Calcareous Subsoil—These occupy large areas in the
hill regions in the northern and central parts of Havana and Matanzas provinces.
Similar soils occur also in the eastern provinces, usually where the country is more
or less rolling. When first cleared such lands are very fertile, but their hilly
character subjects them to constant loss from washing during heavy rains. Their
durability depends upon the original thickness of the top soil, and on the steepness
of the hills and the consequent degree of loss from washing. These soils are fairly
permeable to water, but not nearly so much so as the red soils. On account of their
more retentive character they cannot be cultivated so quickly after rains, nor, on
the other hand, do they suffer so quickly from drought during the diy season.
Ditching is seldom necessary except sometimes on the lower portions ; the uneven
surface usually affords drainage, and it can be aided by slightly ridging up the rows
during cultivation. On the steeper and more broken of these lands, much of the
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loss from washing could be avoided by terracing or running the rows in irregular
circles following the contour lines, as is done so universally in cotton fields on the
broken hill-lands of the southern United States. These irregular, crooked rows
seem unsightly and awkward to those who are not accustomed to them, but when
properly laid out théy are very effective in preventing loss from washing.

Black Lands with Impervious Clay Subsoil.—The black lands that are underiaid
with a stiff impervious clay present some of the most difficult problems to the sugar
planter. They are naturally very fertile, and, when conditions are favourable, they
yield maximum crops. But most of these lands are quite level, and the subsoil
holds the rainfall, so that the cane often suffers from a lack of drainage. In wet
seasons, too, it is difficult, or often impossible, to give sufficiently frequent cultiva-
tions to keep down the weeds. These troubles are not so obvious when the land is
new, as the immense number of decaying roots leave the soil more or less open and
porous, so that the surface water passes away more readily. With age the soil
settles together and becomes more compact and impermeable. All old lands of this
class will be greatly improved by establishing a carefully planned system of
drainage ditches and keeping them always well cleaned. Ridging up in cultivation,
so as to leave deep water-furrows between the rows, will also be very advantageous.
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Crawley1® has published the following analyses of Cuban soils :—

AVERAGE ComposiTioN OF CuBAN SoILs (CRAWLEY).

Number of Phosphoric
Province.  samples. Lime%* Potash%, acid9, Nitrogen9,
Pinar del Rio 66 0-48 ©* 44 0- 40 0-25
Havana- 30 I-57 0°37 0*5I 0-27
Matanzas I3 1-62 0*30 0° 71 021
St. Clara 35 1.66 0+33 0-34 0-33
Camaguey 26" 2457 052 040 0+ 21
Oriente 38 2-31 0° 59 0+ 42 0+ 22

ComposiTioN oF TypicaAL RED aND Brack CusanN SoiLs (CRAWLEY).

PErR CENT. RED Sors. Brack Sorrs.
Water 9°75 387 4-68 10-55 | 1588 16418 20:00 10°98 15-71
Insoluble 43°98 62-°46 37°99 42:00 | 5169 57°13 57°96 5193 48:92
Volatile 19°73 — 2079 14°97 | 15°89 10+45 1I2°44 9°44 10°53
Humus — 0+ 63 — 5163 | 482" 2:86: 2442 266 7°24
Ferric oxide 14°98 1I1-37 1272 1I3°55 | I0°92 IO+IT 16+34 12:88 12:36
Alumina 18:80 13°96 2539 27:00 | 12°88 15°79 16:34 8:05 4°43
Manganese 02 31 ZOULT N 34 %2285 O TO 0-18 ©0°:28 ©0:33 0-I6 O-Ig
Lime Q33T 4 e Qe 3TN0 582010 346 2:08 1:76 2:09 3:64
Magnesia 0°48 0°22 043 0°98 2= 44,10 2T S TS T b 22 PG =26 5
Potash 0+18 0°09 ©0-18 0°+25 0:33 ©0°19 ©0°+%72 0°I8 0-52
Soda 0:I0 ©0°37  I*06 ©0-30| 0-09 ©0°I5 ©0°-°48 0:8 0-80
Sulphuric acid 0-07" V0= TQr Sed =2 S 08TQ 15 0= L6 7 0AL7 Lo O 5 - - 0201 0= 1 8
Phosphoric acid 058 ©0:20 076 0-61I Q73O S EEOSTE a0 2 AL MO T
Nitrogen 0:19, O0:17.. 0-25'  ©0:1I2 0°34 ©0°35 ©0:20 0°79 0-46

Egyptian Soils.—The Igyptian soils upon which the cane is culti-
vated are in Upper Egypt, and lie in a narrow strip on both banks of the Nile ;
the soil is all an alluvial deposit of great depth, overlying a basis of sand, and
has been formed, and is continually renewed, by the overflow of the Nile.
Numerous analyses have been made of these soils, many of which have been
collected by Pellet and Roche.'” They remark :—

““ The soil of this district is very uniform in its general composition ; the
percentage of calcium carbonate is from 5 to 7, of sand from 20 to 60, of clay from
20 to 60, of humus o0+ 8 to 1-3. The very compact nature of the greater part of the
soils attracts attention, and certainly influences to a greater or less extent the

*Occasjonal samples testing over 20 per cent. of lime perhaps tend to make the average percentage of this
material too high.—(N.D.).
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availability of the fertilizing elements. Very remarkable is the presence, rare in
arable soils, of a large quantity of magnesia, from 1 per cent. to 3 per cent.
The fertlllzmg elements, properly so called, were found per kilogram :—

Phosphoric acid iy 1°44 to 230, mean, 1+75 grms.,
Potash . oL 156 to 3°68, ez 28 o
Organic mtrogen g 0-37 to 1-40, AL e
Nitric nitrogen, trace to — 0°+040, ,» 0°004 ,,

Finally, the quantities of chlorine and sulphuric acid which have so great an
influence on the formation of efflorescent salts injurious to vegetation were found in
healthy soils.

Chlorine oo o 0-10 to 0°06 per 1000.
Sulphuric acid S 0-25 to 1:60 per 1000.”

The average composition of 28 samples of sugar cane soils is thus given
by these authors :—

True density el A oeed Potash o I3 195004228
Apparent den51ty AR ELES Lime . 34 15115249
Moisture .. . 630 Magnesxa = R 287
Chalk oF 5 it K7 (O Iron and Alumma 10°52
Sand > .. 4580 Manganese .. .. 0084
Clay o, .. 3640 Organic nitrogen .. o0-072
Humus 853 PRy 2 b7 Nitric nitrogen .. 0°0004
Phosphoric acid .. o-175 Chlorine o .. 0°005
Sulphuric acid .. 0°073

The quantities are the percentages soluble in nitric acid, according
to the official French method.

The mean of seven analyses of Egyptian soils made by Mackenzie and
Burns!® with hydrochloric acid as solvent gave the following results :(—

Phosphoric acid .. 0-246 Manganese .. R GOH2 0
Potash - .. ©0°615 Chlorine i .. 0+064
Lime o oo 0°418 Organic nitrogen .. 0-082
Magnesia .. A 41022 70 Nitric nitrogen .. 0-0018
Iron and Alumina  22-1 5

The Soils of the Hawalian Islands.—As this sugar-producing district has
yielded, and continues to yield the greatest return of sugar per acre,
its soils are of peculiar interest. They have been examined in great detail
by Maxwell, Eckart, and Kelly, and to a less extent by Crawley, Shorey and
Hilgard. Recently Burgess? has made a very detailed study of the soils
under cane cultivation in the island of Hawaii.

The dominant factor in the formation of these soils has been the decom-
position of basaltic lavas, the product of very recent vulcanism. They are
characterized by the presence of large quantities of iron, alumina and lime,
with smaller quantities of potash. Phosphates are also present in quantity
mainly in the form of apatite.

Maxwell’® thus classifies these soils :—

A.—GEoLOGICAL FORMATION.
1. Dark red soils :—Soils formed by the simple weathering of normal lavas in
climatic conditions of great heat and dryness.

2. Yellow and light red soils :—Soils derived from lavas that underwent great
alteration, under the action of steam and sulphurous vapours, at the time of
or after emission from craters.

Sedimentary soils :—Soils derived from the decomposition of lavas at higher
altitudes, and removal and deposition by rainfall at lower levels.

*Schloesing’s method,
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B.—CLIMATE CLASSIFICATION.

1. Upland soils :—Soils formed under lower temperature and greater rainfall,
and distinguished by a large content of organic matter and nitrogen, and by a
low content of elements of plant food in an available state; these elements
having been removed by rainfall.

2. Lowland soils :—Soils formed under a higher. temperature and less rainfall,
and characterized by a lower content of organic matter and nitrogen, and by a
higher content of the elements of plant food in a state of immediate availa-
bility ; which is due in part to the receipt of some soluble constituents from:
the upper lands, and to a smaller rainfall over the lower levels.

It is on the dark-red soils and on the sedimentary soils that the high
returns of cane have been grown. The sedimentary soils are often of great
depth, and sometimes extend down as far as th‘rty feet.

The colour of the yellow soils is due to ferrous iron, and it is to the presence
of this body that Maxwell attributes the smaller productivity of this type.

Peculiar perhaps to the soils of this locality is the not infrequent presence
of large quantities of manganese and titanium. Kelly®? has reported
analyses wherein the former, calculated as Mn,O,, amounted to g.per cent.,
the latter, in some cases, reaching 35 per cent. calculated as TiO,.

ComposITiON oF HAWAIIAN SoiLs (MAXWELL).

Dark red Yellow and light] Lowland Upland
soils. ~ red soils, soils. soils.

: a b a bR b gt )
Insoluble matter 37°20 24+ 20 35°15 27-87
Water . 6-16 1048 1. 9-03 12+29
Combustible matter 11433 | 12°I6 | 20°44 | 2300 | 15-46 | 16-80 | 20:60 | 23+30
Insoluble silica 10°06 8:85 10°29 10°67
Soluble silica .. 1761 9°35 13-39 9°90
Titanium oxide 2°59 | 671 | 3°20| 7-82| 1-78 | ‘5-07| 1-84| 5-19
Phosphoric acid 0°I9 | ©0°32| 0°4I | 057 | 0-40| 0-72| 0-47 | 0-87
Sulphuric acid 0-3I 0:33| 018 0°14 | ©0°23| 0-17| 0-16| 0-13
Carbonic acid o-18 | 0+19| ©0-25| 0°20| 0-29| 0-20| ©0-:03! 0-03
Ferric oxide .. 22°94 | 26+21 | 28-72 | 33°27 | 19-98 | 25-15 | 21-8I | 26-17
Alumina s 16:84 | 23*72 | 9°89 | 14-12 | 16°15 | 2354 | 1362 | 20°06
Lime .., v 0:34 ( 0-50| o0+15| 0:28 | 0-:39| 0:85| 0-29| 0:64.
Magnesia . 0° 44 066 0-74 | 1-08 o- 80 I°35 061 0:94
Manga.nese oxide 0°42 | 0°28 | 0443 | 0°37| ©0°19 { 0°12| ©0+I9 | o0-I5
Potash X 0:39 | O-°5r | 0:38 | 0°51| ©0°29| 0:65| ©0-27| o0-71I
Soda .. =5 075 I-14 | ©0°-62 0:84 | o0-35 1°34 0°39 1-28

a. Official (U.S.) method. b&. Complete analysis on water-free soil.

Usually the red soils are light, and easily worked, and drain with great
facility ; though clay-like when wet, they do not become compacted on
drying, and may be tilled under conditions of rainfall impossible with true
clays. The apparent specific gravity is very low, and Burgess estimates
this as 1-1, giving the weight of an acre-foot as only 3,000,000 lbs.  The
pore space in these soils is thus exceptionally high, a factor which leads to
opportunity for rapid drainage, aeration, and large root development.
This physical condition is probably as large a factor in the product10n of
large crops as is the chemical composition.

The typical analyses of various types of Hawaiian soils given here are
due to Maxwell.

The mean composition of the soils of the different islands, based on the
result of 397 analyses by the Official (U.S.) method, is as below :—
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Lime Potash Phosph?)ric acid Nitroogen

% % % %o
Oahu 0411 " 0-348 0+269 0°1I9
Kauai .. 0- 504 0-358 0-237 0246
Maui 0+ 691 0° 401 0-200 0:222
Hawaii .. 0-833 0+353 0+32I 0338
Whole group 0:693 0+ 366 0268 0+ 290

Maxwell also determined the solubility in 1 per cent. citric acid (Dyer’s
method) of a number of typical soils.  His results, as calculated by the
writer, are as below :—

Lime Potash Phosphoric
o % acid %
Highest iz 0-281 0084 00125
Lowest o 0-030 0+009 0°:0012
Average vy TS ) RS 0:033 0°0043

The small amount of available phosphoric acid in proportion to the un-
usually high total amount present is due to the accompanying ferric oxide.
Hilgard??, in examining Hawaiian soils, calls attention to this point, and also
emphasizes the action of the ferric oxide. A similar condition has also been
observed in the red soils of Cuba, which are not dissimilar from these.

Other Hawaiian soils examined by Hilgard®, while containing large
quantities of nitrogen, were yet ‘‘ nitrogen hungry.” The percentage of
nitrogen in the humus was, however, very low, and he is inclined to attribute
more importance to the nitrogen in the humus than to the total quantity.
Mr. C. F. Eckart, however, has pointed out to the writer that, as many
Hawaiian soils are acid, this * nitrogen hungry ”’ condition may have been
due to lack of nitrates, a condition which could be corrected by proper
treatment.

Java Soils,.—The soils of Java have been derived from fairly recent
volcanic rocks, mainly of the andesite type, though basalts are not infre-
quent. Interspersed throughout the island are also upheavals of cretaceous.
limestones.  Generally, the soils would be classed as clays or clay loams,
though laterite formations especially near Pekalongan and Moeria on the
mid-north coast are to be found.

The island of Java being mountainous and subject to heavy rains, a
great part of the soil formation has resulted from alluvial deposits. This
process continues up to the present day consequent on the extensive flooding
of the land used for growing rice, following on which a cane crop is grown.

In the development of Java civilisation, the cultivation of rice became
the dominant industry, and for this land capable of flood irrigation was neces-
sary. Land thus situated is known as * sawah,” in distinction from land
incapable of irrigation, which is known as ““ tegal,” or “gaga;” land partly
capable of irrigation is known as ‘“ sawah tadanah.” :

A native Javanese term which often occurs in the literature is *“ tana,”
which roughly indicates ““ soil ”’; there thus appear such terms as ‘“ tana
tadhu,” referring to land along river banks ; ‘‘ tana tinchad,” referring to the
central plain, and “ tana pasir,” referring to maritime alluvial deposits ;
“ tana ladoe,” indicates a mixed clay and sand, whilst “ tana linjad”’ des-
cribes a heavy clay.

s Another type of soil of frequent mention in the descriptions of Java
is “ padas.” This term refers to a peculiar surface formation a few inches
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or many feet in depth. The feature which establishes this type is its extreme
hardness, and the presence of stone-like materials scattered through the soil
consisting mainly of concretions of chalk and nodules of manganese or iron
oxide. These soils, which are the result of recent vulcanism, may often be
regarded as laterites in the making. During the past generation very many
analyses of Java soils have been made, mainly by Kramers, Kobus, Van
Lookeren, Campagne and Marr. The last named has collected all known

analyses into the tables quoted below?? :—

CoMPOSITION OF JAvA Soirs. (Marr).
Surface soil |  Subsoil Minimum | Maximum
% % %t %

Water - 5 75 727 1:0 150
Hygroscopic coefﬁc1ent 13°9 I4°1 2+0 27°0
Humus .. o o 237K I°4 01 6°0
Nitrogen 9%, humus .. G 36 35 0-5 6°5
Nitrogen .. 0-076 0°049 0+ 006 0°263
Phosphoric acid “soluble in 25% :

hydrochloric acid* 0:055 0°054 0+ 004 0:198
Phosphoric acid soluble in 2%

citricacid .. 0°020 0-021 0-018 0219
Potash soluble in 25% hydto-

chloric acid* 0-072 Q- 071 0°009 0+066
Potash soluble in 29, citric acid 0027 - — —
Lime soluble in 109, ammonium

chloride 5% o I 0- 60 0°52 — —
Sand 31 o3 ¥ & 13°2 16°4 0°5 76°0
Silt 23 5% =% il D234 58-8 36 830
Clay *. iy = e Y, 15 247 I-2 54°0

Louisiana Soils.—Stubbs?? thus summarizes the sugar soils of Louisiana :

Our soils, then, of the sugar belt lying along the Mississippi River and its
numerous bayous, may be considered as varying from silty loams to very stiff clays.

There are also the red and brown lands, varying from sandy loams to loamy
clays of the Red River and its outlying bayous, the Teche, the Boeuf, the Cocodrie
and Robert, which have been formed by a similar process by the Red River, though
drawn from a much more restricted area of country.

The prairie lands west of Franklin, varying in character from black stiff clays
to silty loams, are our bluff lands second-hand, which have been removed from the
western bank of the Mississippi River and spread out over the marshes of south-
western Louisiana. These bluff lands occur 7»n sit# on the eastern bank, running
continuously from Baton Rouge to Vicksburg, giving us several parishes in which
sugar cane is grown. These are usually silty loams, and are also of alluvial origin,
though antedating the present Mississippi River. The bluff and prairie lands, and
the alluvial deposits of the Red and Mississippi Rivers and their bayous, give the
soils upon which the sugar cane of Louisiana is grown.

As the result of many samples Stubbs gives the following average.
Contents of the soils in the sugar belt : Lime, 0-5 per cent. ; potash, o-4 per
cent. ; phosphoric acid, o-I per cent.; nitrogen, o-I per cent.

Peruvian Soils.—The following account of Peruvian soils is abridged
from Sedgwick.

The cane area of Peru lies on the western slope of the Andes, between that
range of mountains and the sea, the latitude of the largest district being
7°S. The cultivated areas lie in valleys of a very gentle slope seawards, the

*German method.
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drainage notwithstanding being excellent. The depth of the soil is from two
to twenty feet, and it varies in character from a fine sandy loam to silt.

The soils are of the alkali type, and especially towards the sea contain
considerable quantities of water-soluble chlorides, sulphates and carbonates.
The soils are well supplied with plant food, the lime, much of which is present
as carbonate, being very high compared with that found in the cane soils
of other districts. The total phospheric acid and potash are also good.
The nitrogen is very variable, dependent upon the time the soil has been in
cultivation, the water supply, the class of weeds, and the amount of flood
waters required to cover the fields. The humus and organic matter are both
higher than would be expected in the soils of an arid district.

Sedgwick gives thirty analyses of soils from the Cartavio estates, from
which the present writer has calculated the averages. The analyses are
presumably made by the official American method.

Maximum Minimum  Mean

Insoluble matter sey 2 2 A0S H0 49°22 63+ 71
Ferric oxide ‘ 53 BE N2 8-10 4+ 00 5-38

" Alumina 7°50 I-59 -78
Lime 6:75 065 2-98
Magnesia . 257 0-23 0-92
Potash .. ¥ 0-60 0-16 0-33
Phosphoric acid .. 0+ 43 0-16 0°24
Sulphuric acid 0+ 88 0°05 0-18
Humus N s 5 1-84 042 1-26
Potash sol. in 1 per cent. citric acid 0-0258 0°:0050 040121
Phos. acid sol. in 1 per cent. citric acid 0:0630 0+0081 0:0337

It is interesting to compare these soils with the equally productive ones
of the Hawaiian Islands. These soils are ‘“ acidic,” and contain much more
silicates insoluble in hydrochloric acid than do the *“ basic ” soils of Hawaii,
the latter containing much more ferric oxide, and it is as a consequence of
this that the availability of the phosphoric acid in the Hawaiian soils is so
much less than in the Peruvian. The high content of the Peruvian soils in
lime is, too, a factor which should contribute to their continued fertility.

Philippine Soils.—Up to the present no extensive survey has been made
of the soils of this district, which may in time become one of the great sugar-
producing areas. Alarge number of Luzon soils have, however, been analysed
by Cox and Arguelles.?®> They are described as being clays or clay loams,
and, from their analysis, should be of great potential fertility. As an average
the lime exceeds 1 per cent., the phosphoric acid and potash approximate
to 0-3 per cent., the nitrogen averaging over o-I per cent. Conditions very
similar to those obtaining in Java would be expected here.

Queensland Soils.—The sugar cane soils of Queensland have been sub-
jected to survey by Maxwell.2¢6 He divides the soils of Queensland into
three districts, the Southern or Bundaberg, the Central or Mackay, and the
Northern or Cairns.

Dr. Maxwell subdivides the soils of the southern district into four classes :
the red soils, derived from true basaltic lavas ; the mixed dark and light red
and yellow-red soils, derived partly from basaltic lavas and partly from
eruptive action upon other rock formations ; soils more rather than less of
sedimentary origin ; and soils derived exclusively from older rock formations.
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The Mackay soils are of an acidic type formed from the decay of mixed
siliceous rocks, and are in sharp distinction to those of the Bundaberg district.

The average analysis of the soils from the Mackay and Cairns district is
thus found by Maxwell "—

Phosphoric Phosphoric
Lime. Potash. Acid. Nitrogen. Lime. Potash. Acid.
per per per per per per per
cent. cent. cent. cent. cent. cent. - cent,
Total. Total. Total. . Total. Available. Available. Available.
Cairns .. ©0°292 ©0-310 O0-I41 ©0-122 0+0654 0:0132 0°0010
Mackay 0:829 0-223 o0°165 O0°122 0°T119 0°0222 0° 0020
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CHAPTER VI
THE MANURING OF THE CANE

THE early growers of the cane in the tropics carried with them the principles
of farm practice developed by years of experience in the older countries,
and the use of bagasse, bagasse ashes, factory refuse and stable manure
was practised from very early times. _

Very soon after the use of artificial manures became general in Europe,
attention was directed to their use in cane culture. The earliest reference
to their use comes from British India and is due to T. F. Henley! ; this is
followed by a communication of Bojer? dealing with practice in Mauritius.

The earliest detailed experiments are those made in 1857-359 by Krajen-
brink® in Java, followed by others in Guadeloupe by de Jaubrun® made at
the instance of the eminent French agronomist, Georges Ville. A third
-early series was those made in Louisiana by Thompson and Caje and reported
by Goessmaunn.® Since these early experiments a very great mass of ex-
perimental data has accumulated, due tc the work that has been carried
on in nearly all districts that grcw the cane as a staple product. The results
of some of these experiments are collated below.

British Guiana.—Scard,® as the result of an extended series of experiments
on the Colonial Company’s estates in British Guiana, concluded :—

“1. That lime used by itself gave a small pecuniary gain.

2. That lime associated with manures gives an increase sufficient to pay
for itself only when used with larger (2 cwt.) quantities of soluble nitrogen, such as
sulphate of ammonia. 3

3. That of nitrogenous manures, sulphate of ammonia at the rate of 2 cwt.
per acre gives the best results.

4. That ground mineral phosphate appears to give an increased yield compared
with superphosrhate.

That guancs, especially in conjunction with lime, fall far short of ammonia
in beneficial effect. |

6. That an increase of phosphoric acid over the minimum employed (168 Ibs.
per acre) fails to give satisfactory pecuniary results.

7. That neither lime nor manures produce any perceptible difference in
the purity of the juice but only affect the weight of cane.”

Harrison? concluded as a résumé of work on cane manuring :—

“

1. That the weight of cane is governed by the amount of readily available
nitrogen either naturally present or added as manure.

2. When applied in quantities containing not more than 40 to 50 Ibs. nitrogen
per acre, sulphate of ammonia and nitrate of soda are equally effective manures
on the majority of soils, but that when the unit of nitrogen is of equal money value
it is more economical to supply the former. Dried blood and similar organic
manures in which the nitrogen only slowly becomes available are distinctly inferior
sources. :

3. Under ordinary conditions ©of soil and climate and the usual range of
prices for sugar, it is not advisable to supply more than 2 cwt. of sulphate of
ammonia or 2§ cwt. of nitrate of soda per acre.

79
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If circumstances arise in which it is desirable to obtain the maximum
yield per acre by the application of more than 50 Ibs. nitrogen per acre, sulphate
of ammonia should always be used.

5. Practically on all soils manurings with nitrogen require to be supplemented
by phosphoric acid. The most effective form appears to be superphosphate of
lime and slag phosphate meal. Mineral phosphates are of distinctly lower value and
are not effective unless applied in quantities far exceeding in value those required
for either superphosphate or slag phosphate meal; as a rule phosphates should
only be applied to plant cane, their action on ratoons being limited.

6. On some soils the application of potash salts in quantities from 6o to
160 lbs. sulphate of potash per acre results in greatly increasing the effectiveness
of nitrogenous manuring. Soils containing less than o:o01 per cent. potash soluble
in 1 per cent. citric acid will as a rule respond favourably to this treatment, while
those containing between o:ot1 per cent. and 0-02 per cent. may or may not be
favourably affected.”

Harrison® has also given a résumé of the results obtained from twenty-
four years’ experimental work in British Guiana. A short abstract of these
results is given below : :

Lime.—Alternate beds of heavy clay land were treated with five tons of -
slaked Barbados lime per acre. The canes were grown up to third ratoons
and then fallowed for a year. In the plots which were manured in addition
to liming, the total increase due to liming was 37-0 tons of cane per acre,
and in the unmanured plots at the rate of 337 tons per acre. Both the above .
increases refer to the sum total of ten crops harvested in 13 years.

Phosphates—Applications of phosphates have not always resulted in
financial benefit. It appears that the most satisfactory mode of using phos-
phates is to apply 3 cwt. of superphosphate or 5 to 6 cwt. of slag phosphate to
plant canes, the dressings of slag phosphate being more remunerative than
those of superphosphate of equal cost. Phosphates do not benefit ratoons
and Harrison thinks it doubtful if it is necessary to apply phosphates to
Demerara soils as often as once in five years.

Potash.—Results obtained with both sulphate and nitrate of potash
indicate that potash is not required on the heavy clay soils of British Guiana
under the conditions of ordinary agricultural practice.

Nitrogen.—As the mean result of ten crops of cane in 13 years it was
found that 1o lbs. of nitrogen as sulphate of ammonia, when added in pro-
portions up to 300 Ibs. per acre, gave an extra return of 1-3 tons of cane per
acre, or 24 cwt. of commercial sugar. With nitrate of soda up to 250 lbs. per
acre, 10 lbs. of nitrogen would probably give 1-4 tons of cane, equal to 2% cwt.
of commercial sugar, but experiments indicate that it is not wise to apply
more than 250 lbs. nitrate of soda at one dressing. With dried blood the
indications over eight crops were that the relative value of nitrogen in this
material was 73 per cent. of that in sulphate of ammonia.

With regard to the effect of manures on the soil, Harrison comes to the
following conclusions, basing his results on the analytical figures obtained
by the extraction of the soil in 1 per cent. aqueous citric acid with five hours’
continuous shaking :—

‘“3. That the growth of the sugar cane without nitrogenous manuring is
accompanied by a considerable loss of the nitrogen in the soil, amounting in ten
years to 18:6 per cent. on not-limed land, and to 26-7 per cent. on limed land.
These are equivalent to losses from the soil to a depth of eight inches of 880 1bs.
and 1250 lbs., respectively, per acre.

2. Repeated heavy dressings with farm-yard manure have resulted in an
increase in the total nitrogen of the soil. In ten years the increase was 20-3 per
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cent., equal to g60 Ibs. of nitrogen per acre added to the soil to a depth of eight
inches.

The growth of the sugar cane on plots receiving only nitrogenous manures
has resulted in losses of soil nitrogen : where sulphate of ammonia was applied,
the loss amounted to 14-7 per cent., or to 670 lbs. of nitrogen, and, where nitrate
of soda was used, to 16+3 per cent., or to 775 lbs. of nitrogen per acre, in the soil
to a depth of eight inches.

4. On soils manured with phosphates, potash, and nitrogen in the form
of sulphate of ammonia, the loss of soil nitrogen in the top eight inches amounted
to 14+ 7 per cent., or to 700 1bs. per acre, while where nitrate of soda was the source
of nitrogen the loss was far higher, amounting to 26-5 per cent., or to 1250 Ibs.

er acre.
§ 5. The soil in 1891, at the commencement of the experiments, yielded o-0142
per cent. of phosphoric anhydride to a 1 per cent. aqueous solution of citric acid.
After ten years’ cropping without manure it yielded o-0086, which shows a loss of
nearly 40 per cent. of the probably available phosphoric anhydride, or of, in round
figures, 170 1bs. per acre.

6. Where the soil received manures not containing phosphates, the proportion
of probably available phosphoric anhydride was reduced to o:0096 per cent.,
equal to a loss of 32+4 per cent., or to one of, in round figures, 140 Ibs. per acre.

. Where superphosphates were used in addition to nitrogenous manures,
the proportion of probably available phosphoric anhydride was reduced to o-132
per cent., indicating a loss of 7 per cent., or of 30 lbs. per acre.

8. Where slag-phosphates had been applied, the probably available phosphoric
anhydride has been reduced to o-oroz per cent., equal to a loss of 28-1 per cent.,
or to one of 120 lbs. per acre. It is worthy of note that in our more recent experi-
ments, while manuring with slag-phosphates produced on the plots, which had
received superphosphates during the earlier years of the experiments, mean increases
of only 2-3 per cent., they produced on those which had been manured with slag-
phosphates a mean increase of 5-8 per cent.

9. The determinations of potash soluble in 1 per cent. citric acid and in
200th normal hydrochloric acid showed that cultural operations have made probably
available more potash each year than is required for the growth of the sugar cane,
the original samples yielding potash at the rate of 262 lbs. and 278 lbs. per acre
to a depth of eight inches, those not manured with potash salts during ten years
at the rates of 376 Ibs. and 500 1bs., and those which received potash salts in additior
to nitrogenous manures at the rates of 357 1bs. and 530 lbs.

10. Judging from the solubility of the lime in the soil in 200th norma
hydrochloric acid, cultural operations set free in a soluble form more lime than the
crops utilized, the original soil yielding lime to the solvent at the rate of, in round
figures, 3400 lbs. per acre to a depth of eight inches, while the samples taken after
ten years’ cultivation yielded at the rate of 3800 lbs. The soils which received in
July, 1891, slaked lime, supplying in round figures 6700 1bs. lime per acre, yielded
to the acid in 1902 a mean of 5000 lbs. per acre, thus indicating after ten years’
cultural operations a retention in the uppermost layer of the soil of only 1200 Ibs. of
added lime in a readily soluble form.

11. The action of the lime on the solubility of the potash in the uppermost
layer of the soil appeared well marked, the samples from the not-limed land yielding
to 200th normal hydrochloric acid at a mean rate of 460 1bs. potash per acre to a

gepﬁ% of eight inches, while those from the limed land yielded at the mean rate of
40 1bs.”’

Finally, as a result of these analyses and experiments, Harrison lays
down certain precise and formal propositions of the greatest value to the
agricultural chemist responsible for the economic manuring of large areas
of sugar cane. These may be summarized as under :—

I. Soils which yield 0-007 per cent. phosphoric anhydride to 1 per cent.
aqueous citric acid with five hours’ continuous shaking will not as a rule
respond to manurings with phosphates.

Teg Under similar conditions soils yielding o0-005 per cent. to 0-007 per
cent. will benefit as a rule by phosphatic manurings.

3. It is advisable to apply heavy dressings of slag phosphates or lighter

ones of super or basic phosphates to soils yielding less than 0005 phosphoric
anhydride.

G
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4. Soils yielding 0-008 per cent. potash can be regarded as containing
under the usual system of cultivation sufficient available potash for the
needs of the sugar cane. >

5. If the potash lies between 0-005 per cent. and 0-008 per cent. it is
doubtful if the application of potash salts will result in remunerative returns.

6. Where the potash falls below 0-005 per cent. it is advisable to add
potash salts in the manures. :

7. The demand of the sugar cane for lime as a plant food is low, and if
a soil gives up more than 0-006 per cent. to the 1 per cent. citric acid solution,
it probably will yield sufficient for plant food for ordinary crops of sugar cane.

Barbados.—Harrison and Bovell® in a series of experiments, carried out
between 1885 and 1889 at Dodd’s Reformatory in Barbados, came to the
general conclusions detailed below :-—

‘1, The addition of readily available nitrogen to mineral manures produces
a large increase in the weights of cane grown, but excessive dressing (over 3 cwts.
sulphate of ammonia per acre) may cause a marked decrease in the richness and
purity of the juice.

2. Under certain climatic conditions, manuring with nitrogen in form of
slowly decomposing organic matter may, if applied before or soon after the planting
of the canes, produce excellent results. Applications of such slow-acting manures
in June or July at the period of the sugar cane’s most active growth are inadvisable,
and may result in considerable loss.

3. Upon the soil, and under the climatic conditions existing at Dodds’ during
the years 1885 to 1889, both inclusive, nitrate of soda was markedly inferior to
sulphate of ammonia as a source of nitrogen for sugar cane.

4. The profitable employment of purely nitrogenous manures depends
largely upon the state of the soil. Ii the soil is in good heart, such applications
may realize heavy returns ; if poor such manurings will result in heavy loss.

5. For the maximurm return of sugar cane by manuring, phosphates must
be present in the manures used.

6. If such phosphates are applied in the form of superphosphate of lime,
great care must be exercised in their use and application, as, whilst light dressings
of superphosphate capable of supplying 75 lbs. or 80 1Ibs. per acre of ‘soluble
phosphate ’ (equivalent to from 16 to 18 per cent. of ‘soluble phosphates’ in
commercial sugar cane manures when applied at the rate of one ton to five acres)
may produce large increases in the weights of canes, &c., heavier dressings do
not produce corresponding increases, and excessive ones may even reduce the
produce below that obtained when manuring with nitrogen and potash only.

The use of insoluble phosphates such as precipitated and mineral phosphates
is not advisable during the period of the cane’s active growth, but may produce
excellent results when applied to the soil at an early period, in a very fine state of
subdivision in large quantities, and uniformly mixed with it. To obtain, however,
equally profitable results with these phosphates, as with moderate applications of
superphosphates, it is absolutely necessary that they be purchasable at far lower
prices than they can be at present obtained in Barbados.

8. The addition of potash to manurings of phosphates and nitrogen produces
in all soils at all deficient in available potash large increases in the yield of cane
and of available sugar in the juice per acre. ‘

9. The most advantageous time for the application of potash-containing
manures appears to be at the earliest stages of the plant’s growth, and pecuniarily
the use at this period of so-called early cane or potassic manures is far preferable
to that of even the highest quality of manures which were formerly used.

10. The presence of an excess of potash in the manures does not injuriously
affect the purity of the juice, by increasing either the glucose or appreciably the
amount of potash salts contained in it.

11. No definite information has been obtained with regard to the influence
of the mineral constituents of the sugar cane manures upon the saccharine richness
of the canes; although, in the great majority of cases, canes receiving potassic
manures have been somewhat richer in sugar than those otherwise manured. It
appears, therefore, probable that increased saccharine richness must be sought in
the cultivation of varieties, the careful selection of tops for planting from healthy
and vigorous canes (by this selection, whilst the saccharine strength of best canes
of a variety would not be increased, the average might be greatly raised), and possi-
bly by the seminal reproduction of carefully selected canes and varieties.”
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Hawaii,—The results of a series of experiments led C. F. Eckartl? to
the following conclusions :— y

‘1. Lands, capable of producing eleven tons of sugar to the acre without
fertilization, may be fertilized with profit, climatic conditions and water supply
being favourable.

2. While soils of high fertility may respond to mixed fertilizers, the percentage
of gain is greater as the soils suffer a gradual exhaustion.

3. The Rose Bamboo and Lahaina varieties of cane did not show the same "
response to various combinations of fertilizer ingredients.

4. It is indicated that Rose Bamboo requires a larger store of phosphoric
acid to draw from than Lahaina for the best results.

. Lahaina cane responded more to an increased supply of potash in the
soil than Rose Bamboo.

6. Both Rose Bamboo and Lahaina canes showed a considerable gain in
yields from fertilization with nitrogen. The percentage of this element in the
soil on which the tests were carried out was below the average for the islands.

7. On a soil containing phosphoric acid (soluble in a 1 per cent. solution of
aspartic acid) in quantities which were in large excess of those contained in the
average soil, phosphoric acid applied with nitrogen gave yields of Rose Bamboo
cane exceeding those obtained when nitrogen was applied alone. Under the same
conditions, Lahaina cane gave about the same yields following fertilization with
nitrogen as when nitrogen was applied with phosphoric acid.

8. On 2 soil containing potash (soluble in a 1 per cent. solution of aspartic
acid) in quantities comparing closely with those of the average island soil, Rose
Bamboo and Lahama cane gave increased yields when this element was applied
with nitrogen.

9. The separate application of phosphoric acid in soluble forms to lands
standing high in phosphoric acid may result in a loss of sugar rather than in a
gain. It is indicated that the chances of loss are greater with Lahaina cane than
with the Rose Bamboo variety in localities where the two varieties make an equally
thrifty growth under normal conditions. ;

10. .Separate applications of potash in the form of sulphate of potash may
decrease the yields of cane. The danger of loss is apparently greater with Lahaina
cane than with Rose Bamboo. This refers to applications of potassium sulphate
to lands under cane. <

11. The fact that the application of one particular element gives negative
results with respect to fertilization does not warrant the assumption that the
element in question may, with profit, be omitted as a component part of mixed
fertilizers. Applied with another element, the gains may be considerably greater
than could be obtained with the latter element alone.

12. With both varieties the purest and richest juice was obtained from
the cane on the unfertilized area. In general, the plats receiving incomplete
fertilizers yielded juices of greater purity than those plats to which the three
elements were applied together.”

Later experiments have resulted in the same authority!! stating :—

“ 1. The profit resulting from the application of fertilizers or manures will
depend largely upon other factors than the chemical composition of the soil.
Providing certain plant-food deficiencies represent the chief depressive influence
on crop yields, the response to appropriate fertilization will be commensurate
with the difference between the limitations exerted upon crop production through
lack of available plant nutrients and the limitations exercised by the next re-
straining factor in order of importance after the material has been applied. This
latter factor may be physical, biological, or climatic in character.

2. The relative effects of different combinations of fertilizer materials on
the growth of sugar cane when these materials are added to a given soil will be
determined chiefly by

(a) the extent to which their several ingredients directly or indirectly
lessen the deficiencies of available plant nutrients;

(b) the extent to which they cause the bacterial flora to approach an optimum
balance for the regular production of sufficient nitrates or
assimilable nitrogen compounds, and

(¢) the degg‘lee and manner in which they produce physical changes in the
soil.

3. Owing to the fact that a definite relationship exists between the efficiency
of a fertilizer mixture and the quantities and proportions in which its ingredients
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are associated, due to biological, chemical, and physical effects which its component
parts have in a given soil, variations in the composition of the mixture beyond
certain limits may matenally influence crop yields.

A more definite knowledge concerning the amounts and proportions of
fertilizer salts to use in a mixture for best results would on some soils yield pro-
nouncéd profits, while a lack of such knowledge may in some cases result in a loss,
especially when soluble salts are employed.

5. The greatest loss from the use of improper mixtures of fertilizers is apt
to occur on acid soils, and in such cases considerable risk is involved from the
continued application of mixtures containing ammonium sulphate, sulphate of
potash, and acid phosphate, when lime dressings are not previously made.

6. While the chemical and physical analysis of a soil will usually prove
of value in indicating the best cultural methods to follow in maintaining or improving
its fertility, and may also indicate in a general way certain of the plant-food de-
ficiencies in given cases, it cannot afford definite information as to the amounts or
proportions of ingredients in fertilizer mixtures which will give maximum returns.

7. It is possible that the data from more extended field experiments with
a large variety of soils, when reviewed in connection with the comparative analysis
of the soils, using both weak and strong acids as solvents, may indicate a somewhat
definite relationship between the analytical figures and the order of importance
which phosphoric acid and potash should assume in cane fertilizers in given cases.

8. It would appear that analysis of souds, with more special reference to
their physical qualities, reaction and content of organic matter, nitrogen, and
more readily soluble lime, may, with due consideration ot the water supply and
climatic conditions, be relied upon to indicate such manurial treatment as will
resultin a profit, although they will not afford definite information as to the weights
and proportions cf ingredients in fertilizer mixtures which will result in maximum
efficiency.

9. Nitrogen is the most important element to be considered in the fertilization
of the sugar cane in the Hawaiian Islands, and when applied in mixed fertilizers
some risk of reduced efficiency is entailed if either the potash or phosphoric acid
(in the form of soluble salts) is made to exceed the weight of this element.

10. * Unless, through past local experience or carefully conducted field tests,
it has been definitely determined that a modified formula may be expected to give
greater yields, it is safer, when applying. nitrogen, potash and phosphoric acid
in the form of soluble salts, to have the mixed fertilizer contain even quantities
of these elements, which are not to exceed 60 1bs. per acre in the case of each element.

11. Field tests with fertilizers whose ingredients are mixed in varying pro-
portions will, if such experiments are accurately and scientifically conducted
through a sufficient period, give the most reliable information as to the best
manurial practice. Such experiments should be laid out in very long, narrow,
parallel and contiguous plats or strips, with the untreated check areas lying
immediately adjacent to the fertilized cane.

12. The great importance of ‘ resting ’ fields in rotation on Hawaiian planta-
tions, and growing upon them leguminous crops is very clearly indicated. This
applies more particularly to the irrigated plantations, where the supplies of organic
matter are in the majority of cases becoming greatly reduced through successive
tillage operations in a comparatively arid climate, and by the favourable conditions
created for bacterial activity through regular irrigations under uniformly high
temperatures.” .

fMore recent experiments summarized by Larsenl? have given rather
different results. In some the application of readily available nitrogen
alone gave as great a crop as when potash and phosphates were also used.
In others the greatest benefit followed from the application of a complete
manure. Variation in the soils themselves and the residual effect of previous
.heavy applications of complete mixtures are possible disturbing factors. In
some of the later experiments there, the maximum money benefit from readily
available nitrogen was not reached until as much as 300 lbs. nitrogen per
acre had been applied.

Java.'*—The very numerous experiments made in Java have nearly
all led to the conclusion that readily available nitrogen is the only manure
required to give the maximum return. Certain soils are, however, benefited
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by phosphates. The lack of response to mineral manures is attributed to
the beneficial effect of the very large quantity of silt annually brought down
in the water used on the rice crop, which precedes that of the cane.

The Practice of Cane Manuring in Different Countries.—In Java and also
in Demerara sulphate of ammonia is often the only material used. The
average quantity employed in Javal® is 350 lbs. per acre, with variations
from 250 lbs. to 450 Ibs. In Demerara the quantity used is rather less, and
seldom reaches 300 1bs. per acre. A number of years ago oil-seed cake manure
was used to a great extent in Java, but its use has been given up almost
entirely in favour of the more readily available form.

In Demerara it is also frequently the custom to apply up to 10 cwt. of
basic slag phosphate to the plant canes, especially if analysis by Dyer’s citric
acid method shows a deficiency in this element. On the heavy clay soils it
is exceptional to find a deficiency of potash, notwithstanding the heavy drain
made on this element by the continuous crop of cane.

In Hawaii, where the largest yield of cane is obtained, relatively enormous
quantities of manure are employed ; nitrate of soda is employed largely
on the irrigated plantations in the districts of little rainfall, and this material,
as well as sulphate of ammonia much less frequently, is used in the spring
of the second growing season ; the application reaches up to 400 lbs. per acre.

In the Hawaiian Islands the climatic conditions are such that it is
possible to obtain a period of growth from planting to harvest up to 24
months ; hence there are two growing seasons and the application of manures
before each has been found to be very beneficial. . The practice is generally
to use mixed fertilizer in the first growing season and nitrate in the second.

In that district also a cold spell is annually encountered, when a check to
and yellowing off of the cane occurs ; this is probably due to a cessation of
the activities of the nitrifying organisms in the soil. It has been found by
experience that the apphcatlon of nitrates at this time has a very beneficial
effect on the growth of the cané.

In addition, a complete fertilizer containing on an average 7 per cent. to
10 per cent. each of nitrogen, phosphoric acid and potash is applied ; the
proportions of these ingredients are altered to correspond with the analysis of
the soil. Up to 1,000 lbs. per acre of such a fertilizer may be applied,
although 600 Ibs. is a more usual dressing. Basic slags are but little, if at
all, used.

In Mauritius and Bourben large quantities of pen manure were (previous
to the extended use of mechanical traction) employed, and the plant canes
seldom received any other fertilizer. For ratoon crops a complete mixture,
similar to that quoted above as used in Hawaii, is employed, but in a much
smaller quantity.

In Louisiana, chiefly owing to its local production, cotton-seed meal forms
the chief source of nitrogen, and superphosphate forms the source of phos-
phoric acid. Owing to the abundance of potash in the soil this element is
seldom necessary, and its action in retarding maturity is a reason against its
use in such a climate.

In Egypt nitrate of soda is the chief source of readlly available nitrogen,
apphcatlons being made to the young cane after an irrigation. The Nile
water used in irrigation brings into the soil a certain quantity of plant food,
and the rotations followed also reduce the necessity for such heavy dressings
of manure as are used elsewhere. A peculiar manure and of small value,
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collected from the refuse of old villages and known as-“ ruins manure,” is
also used by the fellaheen planters, as well as dove dung, to which a quite
fictitious value is attached.

In Barbados and other islands of the British West Indies pen manure
forms an important source of plant food.

The methods of application differ very considerably. In countries such
as Java, Demerara, Mauritius, where there is a cheap supply of labour, the
sulphate of ammonia used is placed by hand directly at the foot of the cane
stool. A hole may be made in the ground with a crowbar, into which the
calculated quantity of manure is placed with a spoon or other measure.
Alternatively a ring may be scratched round the stool over which the material
is scattered. In Java exactitude in application has been sometimes carried
to the extent of supplying the sulphate of ammonia in the form of tablets
of from # to 10 grams weight. In countries where labour is more expensive
the manures are usually broadcasted on the land and incorporated with the
soil in the operations of ploughing. The applications may also take place
in the furrows as they are opened out to receive the tops as they are planted,
or the manure may be placed near the cane row after small ploughs have been
used in cultivation. In the Hawaiian Islands it is not unusual to apply
nitrate of soda dissolved in the irrigation water.

The relatively very great quantity of manure used in the Hawaiian
Islands calls for comment. Carefully conducted experiments confirmed by
plantation experience have there shown that the limit at which the return
from manures ceases to become remunerative is much higher than elsewhere.
This is all the more remarkable considering the high fertility indicated by
analysis and confirmed by the great productivity found in, practice on
unmanured land. Actually the response to heavy dressings of manure has
been found to be the greatest on the richest and most fertile soils. This
condition can be readily understood in the light of the law of minimum
{cf Chapter V) by realising that on certain soils there are no limiting factors
present ; certain of the Hawaiian soils in conjunction with ample irrigation
and good tilth very nearly approach this condition. In other countries
where such large applications of manure do not give a proportionate increase
in the crop, some limiting factor, as for instance lack of rain, may be present.
It is also to be remembered that the sugar produced by intensive manuring
in Hawaii enjoys protection in the U.S. market, so that pound for pound
the sugar produced is more valuable than that grown in unprotected districts.

Time of Application of Manures.—The experimental studies of the manur-
ing of the cane have in all cases pointed to the benefit to be obtained from an
early application of readily available nitrogen and as a matter of observation
it has been found that such canes make a rapid, vigorous growth and are less
affected by a drought which may occur after the canes are established.
Geerligs explains the specific action of nitrogen as first of all causing the sap
to rise in the stem ; the leaves at this stage of growth are unable to elaborate
the sap, and consequently a development of the underground buds of the
rhizome is forced. This process is known as tillering or suckering, and results
in a larger number of stalks to a stool. The influence of nitrogen is, however,
more than this. The root system of the cane develops, and thus gives the
cane more opportunity to make use of the soil and of the limited supply of
soil water during a period of drought. In general plant physiological
experience readily available nitrogen leads to large leaf development, and
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with the cane this feature should be of importance when the intimate con-
nection between the leaves and stem is considered.

It is often asked if one or two applications of the same amount of nitrogen
are the more beneficial. Watts’ experiments in the Leeward Islands® point
to the one-application system being the better, and he reasons on the following
lines :— .

*“ These results lead us to make the suggestion that manures applied to sugar
canes will probably be found to be more eficient, both physiologically and pecuni-
arily, if given in quick-acting forms at a very early stage of the cane’s growth, and
we are led to speculate if this may not be accounted for, on botanical grounds, by
the structure and manner of growth of the cane. We have perhaps been too prone,
when thinking of manuring crops, to have in our mind dicotyledenous-branching
trees, with many growing points, instead of the sugar cane, with its one growing
point, or ‘ top ' to each stem. The cane having lost its habit of seeding may be
regarded as a growing top and a stem. When.the former has arrived at its full
development it may be taken roughly to be a fixed quantity ; old leaves fall away
and are replaced by new ones, so that the top remains fairly constant. The stem
constantly receives additions, and gradually ripens to form a dormant sugar house
chiefly filled with sugar, doubtless originally destined to provide for the growth
of flowers and the production of the seed, but now developed to a greater extent
than the feebly fertile flowers demand.

The elements of plant food, including nitrogen, potash and phosphate, are
found in greater abundance in the ‘ top ’ and leaves than in the stem ; hence it
is reasonable to suppose that in the early development of the cane plant, with its
system of top and stem, greater demand is made upon the plant food supply of the
soil in order to build up this top rich in plant food than occurs later on when
the top, a comparatively fixed quantity, has been developed, and additions are being
made to the stem, which additions demand relatively large amounts ot carbo-
hydrates, with comparatively small amounts of nitrogen, potash and phosphates.
Transference of plant material from point to point takes place freely, and it is
reasonable to suppose that the cells of the stem, as they pass into the dormant
condition, may pass on some of their nitrogen, potash and phosphate to be used in
building up newer structures. We are aware of this transference of plant food in
the case of the leaves, where the faded and falling cane leaves contain much less
plant food than the actively growing ones.

In order to have fresh information on this point analyses have been made
of fresh cane leaves, and of dry cane leaves just as they were about to fall from the
plant but not actually fallen.

The results are as follows, and show in a striking manner the nature of the
transference of plant food material from the leaf back to the stem as it ripens
and as its lower portion becomes dormant :-

ANALYSIS OF ASH.

Green Trash
Leaves. Leaves.
Silica 5 ¥ O 5 .. 46°26 APy 63541
Carbon .. I o .o 5 3+52 i 347
Iron oxide = o o5 o 0°49 5 0-38
Alumina L5 = 5 25 — 7 0-03
Lime I %G £ 3 503 4°68 5 6-67
Magnesia .. .. & ot o 5-08 . 5+10
Potash .. mi v - § 5 17-23 Tyt 6-49
Soda .o ok, 15 e 660 o 3-58
Phosphoric anhydride 5 R 1-39 s 0°903
Sulphuric anhydride .. W 43 5°45 iy 518
Carbon dioxide S o2 A 2+39 LE 1:97
Chlorine .. ot o 0 o~ 9:09 o 1-83
Water 5 5 o o5 35 1-25 25, 2°59
103° 43 .. 101°53
Deduct Oxygen equal to Chlorine .. 2-02 5% 0° 40
I0I-41 .. I0I-I3
Nitrogen .. . . oo .. - o+7770ndried o-36 on dried

leaves. trash.
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GRAMS OF MINERAL MATTER IN ONE LEAF.,

One fresh cane leaf contains 0-9688 gram of ash.
One fresh trash leaf contains o-5304 gram of ash.
Green Leaf. Trash Leaf.

Silica 52 K2 =r = (o 0°4419 0-3321
Carbon .. -5 A .o o 0-0336 0-0182
Iron oxide s # 55 <4 0°0047 0-0020
Alumina A 3 S 5 —- 0- 0002
Lime : 0-0448 0-°0350
Potash 0-1645 0°0340
Soda 5o e 7 00630 0°-0188
Phosphoric anhydride 0-0134 0°0048
Sulphuric anhydride 0+0520 0°0272
Carbon dioxide .. 0-0228 0°0103
Chlorine 0-0868 0+ 0096
Water 3 5% 5 5 0+011I8 0°0136
Deduct oxygen equal to chlorine 0:0193 0° 0021

0:9586 .. 0+ 5304
Nitrogen .. . .o oo . 0°094 .. 0-033"

If this manner of regarding the cane as a growing organism is correct, it may
lead us to modify some of our ideas concerning the manuring of sugar canes, and
may account for the better result obtained by applying considerable quantities
of nitrogen in one dose at an early stage, and for the smaller results obtained from
the use of such a slow-acting manure as dried blood.”

Very early experiments dealing with this point were made as long ago
as 1877 by Rouf!® in Martinique. He harvested, weighed and analysed a
crop of cane month by month. His results transposed into pounds per acre
are given below, together with the conclusions drawn :(—

1. The absorption of minerals commences as soon as the development of
the plant allows, but evidently it is much more active if the plant finds the -
necessary fertilizing principles at its disposal, and above all if the climatic
conditions are favourable.

" 2. The progress is moderated from the sixth to the ninth month ; then
the march of the elements rises to the tenth and eleventh month, the time of
the maximum absorption. At this period the total weight of stalks and
leaves is a maximum ; the cane has absorbed all the minerals and nitrogen,
and the weight of dry matter also is the maximum. By the tenth month
the cane has absorbed a maximum of the following elements : phosphoric
and sulphuric acids, potash, soda and silica. At the eleventh month the
elements which lagged behind are absorbed up to the maximum ; these are
lime, magnesia and nitrogen, and the elements which first reached a maximum
have begun to be eliminated. In the twelfth month, the elimination of the
last three elements begins and continues for all until the cane is ripe.

3. The cane should be manured early so as to place at its disposal
necessary food, and to accelerate the elaboration of sugar.

4. The elimination of the excess of potash, chlorides and soda from the
stalk and their transport to the top and leaves are ended when the cane is
ripe. In the top of the cane are accumulated alkaline chlorides, glucose,
albuminoid and pectic bodies.

The return of plant food to the soil by the plant as it ripens indicates the
agricultural economy of harvesting the crop at its period of maximum
ripeness as less plant food is then removed. Rouf’s analyses bring out this
point very clearly. '
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MonNTHLY CoMPOSITION OF THE CANE (WHOLE PLANT).

After ROUF.
Lbs. per Acre.
Green Dry ; Phosphoric
Age of Cane. Weight. | Weight. Ash. ‘ Nitrogen. Aid.
Six months .. A 21,054 4,072 275 20-2 10°3
Seven months £ 44,608 7,366 360 35°5 152
Eight months > 73,302 10,597 444 38-0 27°3
Nine months &Y 76,082 12,100 504 44°9 277
Ten months e 82,008 16,290 628 55°2 39°2
Eleven months 243 76,558 18,363 576 60° 4 37°3
Twelve months e 65,377 | 16,505 467 55°2 367
Thirteen months A 79,150 17,756 468 39°8 290
Age of Cane. Sxﬁg&uric Potash. | Soda. Lime. {Magnesia. | Silica.
Six months .. i I4°X 360 2°2 e I3°I 139°I
Seven months ¥ 14°8 44° 4 8-6 238 155 1681
Eight months o 18-7 79-0 7°9 26-1 246 200° 5
Nine months & 20-0 79°7 9°7 28+ 4 2547 245°3
Ten months 53 21+9 97°3 214 46+ 7 26-2 322°0
Eleven months = 19° 4 71°5 136 58-4 367 293+ 3
Twelve months .. 14°3 62:0 8-8 33°0 25°9 232°4
Thirteen months .. 17°3 62+6 7-0 38+0 275 210°5

A number of experiments have been made with the view to determining
the effect of dividing the applications of manure. In these experiments the
manure has been applied at an early stage of the cane’s growth and generally
within three months of planting. Nearly all these experiments show very
little difference in the effect, and as typical of them the following, due to
Ledeboer!® in Java, are quoted :—

Lbs., sulphate of Cane, Yield
ammonia per acre. Tons per acre. per cent. on cane.
0-308-154-0-0 3¢ 57+8 IX°54
0-154-308-0-0 .. A5 56+7 11°58
0-78-231-154-0 .. I3 56+0 1164
39-I16-154-154-0.. 59+0 I1°57
39-39-154-116-116 o 582 1148

Somewhat different conditions obtain in the Hawaiian Islands, where
the cane is allowed in many cases a two years’ growth. There it has been
found that considerable benefit arises from applications of nitrate of soda
immediately before the second growing season.

The Choice of Nitrogenous Manures.—Nitrogen can be applied to the
soil as nitrates, as ammonia salts, as organic compounds and in the form of
cyanamide. For the special purposes for which readily available nitrogen
is used in cane cultivation choice is confined to nitrate of soda and to sulphate
of ammonia. Nitrate of lime and cyanamide are not available in sufficient
quantity, and the organic forms of nitrogen, such as oil-seed cakes and
dried blood, have been found to have a much lower efficiency in regard to
the cane than have the two first-mentioned materials. On general principles
sulphate of ammonia is indicated as applicable to soils containing a good
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proportion of calcium carbonate, as in such soils nitrification proceeds
rapidly. This argument, however, loses much force, as it has been shown
in recent years by a long series of experiments, initiated by Pitsch in 1887,
and completed by Miller and Hutchinson in 1gog, that plants can utilize
ammonia salts without their conversion into nitrates. On the other hand,
when there is a very large quantity of calcium carbonate in the soil there is
danger of loss of ammonia by volatilization. Another objection which is
often raised against the use of ammonia salts is that their long-continued
use may result in an acid reaction and consequent infertility in the soil.
This action has been specially observed at the Woburn Experiment Station
on light sandy soils, and has also been studied at several Experiment Stations
in the United States. In Java and in Demerara, many years’ use has not
resulted in this condition being cbserved, and Harrison!? inclines to the belief
that the Demerara soils have benefited thereby, an action he attributes
to the alkaline nature of the subsoil water. In both these districts the results
of experiments indicate the superiority of ammonia over nitrate, and a further
reason for this may be found in the deflocculating action of nitrate of soda
on the clay soils common to both localities.

The use of nitrate is most extensive in the Hawaiian Islands, and it is
also used to a considerable extent in Egypt and in Mauritius. The soil
tvpe of the Hawaiian Islands is radically distinct from that of either Java or
Demerara, and the deflocculating action on clays would be largely absent.
Recently, however, some evidence has arisen that the long-continued use
of nitrate there has resulted in the formation of ‘‘ black alkali ”’ in certain
soils, and to this cause is attributed the falling off in productivity of the
Lahaina cane on certain plantations. An objection to the use of nitrate
of soda in the tropics lies in its extremely deliquescent nature, an objection
that loses much weight when the locality where it is used is an arid one,
as is the case in many parts of the Hawaiian Islands. Where there is reason
to suppose that either form is objectionable when long continued, a natural
suggestion would be to use the two forms mixed or separately in alternate
years.

The use of oil-seed cake is almost entirely confined to those districts
where it is produced, such as Louisiana, where large quantltles of cotton
seed cake are employed in cane culture.

Choice of Phosphatic Manures.—All phosphates when applied to soils
are fixed, and rendered insoluble ; the rafionale of the use of a soluble
superphosphate, as opposed to the use of an insoluble phosphate, is that the
solution of phosphoric acid is precipitated within the soil in a much finer
state of division than can be obtained by grinding an insoluble phosphate, .
and mechanically ploughing it into the soil. Dependent on the type of the
soil, the phosphoric acid will be precipitated within the soil as phosphate
of lime, or iron or alumina. The former of these bodies is available to the
plant, the latter is not ; hence it is an axiom in manuring that superphos-
phates are suitable for calcareous soils or such as contain a considerable
proportion of lime carbonate. On heavy clays such as constitute the cane
lands of British Guiana superphosphates are contraindicated. On such soils
basic slag is the form of phosphatic manure from which benefit is to be ex-
pected. It has been shown by many experiments that on clayey and peaty
soils, where an alkaline base is required to neutralize the nitric acid formed by
soil erganisms, this form of phosphoric acid gives the best results.
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Lime in Connection with Cane Growing.—A study of the analyses of
the ash of the cane cannot lead to the conclusion that the cane is a calciophile
plant, and Harrison® in his résumé of twenty-five years’ experimental study
of the manurial requirements of the cane has come to the same conclusion.

The benefits that follow the application of lime in many districts where the
cane forms the staple crop must not then be considered as due to specific
action of this material on the cane, but as due to its general effect in ameliora-
tion of the soil.

The action of lime may be briefly summarized :—

1. Correction of acidity in the soil, whether due to an excess of organic
matter or due to long-continued application of ammonia salts.

2. Amelioration of the physical condition of heavy clays.
3. Rendering potash available. '

It is now generally considered better practice to apply moderate doses
of lime, say 1,000 lbs. per acre, every five or six years, than to put on
heavier applications less frequently. This is the general rule in the Hawaiian
Islands, larger applications being only made on a few plantations possessing
a distinctly sour soil with much organic matter. However, some heavy
clay adobe soils have been treated there with success with as much as fifty
tons of coral sand to the acre; this procedure recalls the system of marling
once so prevalent in English agricultural practice.

The form in which lime is applied is either as the carbonate or as quick-
lime. Recent practice inclines very strongly to the use of the carbonate,
to the exclusion of the caustic form. In addition, the fineness of division
of the lime has been shown to.have a very great bearing on its efficiency.
The very extensive literature on this important point has been collated by.
Kopeloff,'® whose experiments point to ground limestone sifted through
mesh 200 to the linear inch as being the most efﬁment form in which to make
the application.

A point of very great interest in connection with cane growing and one
which has not, so far as the writer is aware, been thoroughly investigated, is
the “ lime : magnesia ’’ ratio best suited for the cane. For cereal crops gener-
ally, for rice, and for such as have a large leaf development, evidence has been
brought forward by Loew!? and his pupils that the lime should be in excess
of the magnesia in proportion from 1-5 to 2 times as great. In the absence
of any evidence to the contrary it may perhaps be taken that a similar ratio
holds for the cane. That an excess of magnesia has a deleterious effect on
the cane has been shown by Eckart,2? who irrigated cane in tubs with both
lime and magnesia chlorides, and found a much better growth when the lime
was in excess of the magnesia than when the quantity of these two bodies
was nearly the same.

Quite recently Loew?! in Porto Rico has gone further into the subject in
special reference to the cane ; in that island he has found the soils containing
an excess of magnesia over lime. He quotes an instance of a cane soil
suffering from acidity, stiffness and an excess of magnesia over lime where an
application of 3,000 Ibs. lime per acre increased the yield of cane 57 per cent.
He also writes: ““ The most favourable ratio of lime to magnesia in the soil
for cane will very probably be as 2 to 1, if both are present in an equal state
of availability. This can be inferred from experiments with maize by
Bernadini.”
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The hypothesis of Loew, though carefully elaborated, is not accepted by
many agronomists; it has been followed up chiefly in Japan by Aso and
others. The lime-magnesia ratio must apply to the soil water or to readily
soluble forms in the soil ; a hydrochloric acid soil extract showing an excess
of magnesia over lime would not be sufficient to condemn a soil on Loew’s
hypothesis. It is of interest to note that in some Demerara soil waters
Harrison!4 has found that with sulphate of ammonia manuring, the molecular
ratio of calcium-magnesium was I : 0-77; with nitrate of soda manuring
it was I : 1-52, and with no manuring I : 2-40, and with no cultivation
4242115 7

Yields of cane had become very deficient in the second and third cases,
but Harrison does not commit himself to attach any special significance to
these ratios.

spread
belief that heavy manuring adversely affects the quality of the juice of the
cane, and under certain conditions this may be correct ; thus in a district
such as Demerara, where a short period of growth obtains, a late manuring
results in an impure juice. Possibly in such a case not only is the maturity
of the crop delayed, but a second growth of young cane is stimulated and the
comparison may become one of mature and of immature cane. Again, with
heavy manuring, there is a consequent increase in the size of the crop with
less access of direct sunshine, and a delayed ripening is the result.

That judicious heavy manuring has no harmful effect is shown from the
results regularly obtained in Hawaii ; nowhere is a sweeter and purer juice
obtained, and nowhere is the manuring more intense. Here, however,
owing to climatic conditions peculiarly favourable, a great part of the harvest
consists of fully matured cane cut at the period of maximum sweetness.

Actual experiments on this point lead to somewhat contradictory results.
Thus Eckart® found in Hawaii with unmanured cane a sucrose content in the
juice of 1826 and purity of go-69, manured canes affording a juice containing
from 16-40 per cent. to 17-85 per cent. sucrose, and of purity 89-16 to go-60
Conversely, however, the same authority has supplied data of an experiment
where, in three instances, an application of 1,200 lbs. of high grade mixed
fertilizer and 300 lbs. of nitrate per acre not only enormously increased
the yield, but gave a sweeter and purer juice.

Of the specific effect of manures, many ideas, supported or not by experi-
ment, may be met with. Lime is credited with producing a sweet and pure
juice in the West Indian adage : “ The more lime in the field the less in the
factory,” and this idea is reflected in the quotations in Chapter V.

Phosphates are also believed to affect beneficially the sugar content of
the cane, and potash is reputed to have the reverse effect; Harrison’s ex-
periments already quoted fail however to countenance this idea.

There is a certain amount of evidence that canes heavily manured with
readily available nitrogen are more susceptible to fungus attacks than are
others ; this may be due to the production of a soft-rinded cane due to rapid
growth, and possibly in the presence of infected soil or material the nitro-
genous matter may also benefit the development of the fungus. In Egypt,
it may be mentioned, on lands controlled by the Daria Sanieh manuring of
cane was not allowed.

On the whole, the writer thinks that the bulk of the evidence points to
weight of cane only as being affected ; differences which may from time to
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time be observed are probably due to different degrees of maturity or to other
uncontrollable factors vitiating the comparison. :

The Ash of a Plant in Relation to Manuring.—It has been thought that
the analysis of the ash of a plant and the agricultural balance sheet would
give information as to the proper combination of manures to apply; this idea
demands that for any plant there is one particular ash analysis which is
most suited for it. The variation, however, is so great that no * best ash ”
for the cane can be obtained, and this captivating hypothesis breaks down
on subjection to scrutiny, or rather is not supported, as regards the cane,
by sufficient evidence. It is conceivable, however, that an ash analysis
showing a low proportion of, say, lime might point to a deficiency of available
lime in the soil ; on the otherhand, a deficiency of lime in the soil might be
reflected in small crops rather than in a low percentage of lime in the ash.

Connected with this subject is the ““ Analysis of the Soil by means of the
Ash ”’; this point has been recently studied by Hall,?? who thus summarizes
his results, obtained, of course, in a temperate climate (England), but none
the less generally applicable :— ¢

1. The proportion of phosphoric acid and of potash in the ash of any given
plant varies with the amount of these substances available in the soil, as measured
by the response of the crops to phosphatic or potassic manures respectively.

2. The extent of the variation due to this cause is limited, and is often no
greater than the variations due to season, or than the other variations induced by
differences in the supply of non-essential ash constituents-——soda, lime, &c.

3. The fluctuations in the composition of the ash are reduced to a minimum in
the case of organs of plants, which, like the grain of cereals or the tubers of potatoes,
are manufactured by the plant from material previously assimilated.

The composition of the ash of the cereals is less affected by changes in the
composition of the soil than is that of root crops like swedes and mangels.

5. The composition of the ash of mangels grown without manure on a particu-
lar soil gives a valuable indication of the requirements of the soil for potash manur-
ing. Similarly, the phosphoric acid requirements are well indicated by the compo-
sition of the ash of unmanured swedes, though in this case determination of the
citric acid soluble phosphoric acid in the soil gives even more decisive information.

6. Pending the determination of phosphoric acid and potash *‘ constants ** for
some test plant occurring naturally on unmanured land, the interpretation of soil
conditions from analyses of plant ashes is nmot a practicable method by which
chemical analysis of the soil can be displaced.

The effect of the soil on the composition of the ash of the cane is well
shown in some observations of Burgess?® dealing with Hawaiian soils quoted
below :—

CORRELATION BETWEEN POTASH IN SoIL AND POTASH IN MoLASSES. (BURGESS).
Puna-Hilo. Hamakua- Kohala. Kaui.

Hilo.
Per cent. Per cent. Per cent. Per cent.
Potash sol. in hot hydrochloricacid o-060 0+ 220 0° 442 0+208
Potash sol. in 19, citticacid .. 0-0IXI 0°0257 0+ 0266 0+0533
Potash in molasses e, % 1575 2°749 4224 3-877
Potash in ash of molasses .. 17-8 26° 4 35°1 38-3

Burgess considers that potash manuring is indicated as advisable for the
soils of the Puna-Hilo district, where there is a very distinct correlation
between the potash in the soil as indicated by analysis and that found in
the molasses afforded by canes there grown.
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THE MANURES EMPLOYED IN SUGAR CULTIVATION.

Artifieial Manures.—This term is employed to denote manufactured
products as opposed to farmyard or pen manure considered as a ““ natural ”’
manure. For convenience of reference their properties and composition
are briefly mentioned here.

Sulphate of Ammonia.—The pure body contains 21°21 per cent. flitrogen
and as found on the market contains about 20 per cent. nitrogen.

Nitrate of Soda.—This material is extremely hygroscopic. The pure
body contains 165 per cent. nitrogen, the commercial body containing about
4 per cent. of impurities ; these impurities are in IEnglish commerce grouped
together under the peculiar term of refraction.

Nitrate of Potash.—The pure body contains 13-8 per cent. nitrogen, and
465 per cent. of potash ; it is but seldom used as a manure, the supply being
devoted to other purposes ; in an impure form it however finds its way to
Mauritius from India, and being of local occurrence is used to a certain
extent in Egypt. :

Seed Cake Manures.—The refuse of seeds, etc., that have been crushed
for oil, comes into the market in large quantities as manure. The plants that
most largely contribute are cotton, flax, castor oil, coconut ; their composition
of course varies with the origin. In general these manures can be used only
in the country of their origin, drawbacks of freight prohibiting their more
extended use. Some analyses of these materials, collected from various

sources, are given below :—
Nitrogen per cent.

Ground nut (drachis hypogea) 5o <. 4°06—7°94
Kapok meal (Eriodendron anfractuosum) .. 4° 40
Castor cake (Ricinus communis) e 33 420
Coconut meal (Cocos nucifera) o oy 3+62
Cotton-seed meal (Gossypium sj)) ors s 7°00
Soja cake (Soja hispida) - e X ORLZ

Dried blood, as it comes on the mérket, contains from 10 per cent. to 16
per cent. of nitrogen.

Fish scrap is of very variable composition, containing from 5 per cent.
to 8 per cent. nitrogen, and from 5 per cent. to 7 per cent. phosphoric acid.

Tankage is the residue from meat packing houses, and is of variable
composition ; as it contains considerable quantities of bone it is also a
phosphatic manure. It is similar in action and composition to fish scrap.

Guano.—The original Peruvian guano has long been exhausted, and the
guanos now on the market are of recent origin. They differ much in com-
position from those of long accumulation. Some bat guanés contain an
extraordinarily high amount of nitrogen, reaching up to 30 per cent.

Cyanamide is a synthetic compound of the formula CaCN,; it is sold
under the name lime nitrogen, German nitrate, or even as lime nitrate, from
which it must be carefully distinguished ; as it appears in commerce it con-
tains about 20 per cent. of nitrogen.

Nitrate of lime is manufactured and put on the market as a basic nitrate
of composition Ca (OH) NO,. It contains about 12 per cent. of nitrogen.
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Gypsum.—This material is sulphate of lime, and, in a sense, can not be
regarded as a manure; it acts indirectly as a source of potash, which it
sets free in soils ; it is also used as a corrective of soil alkalinity.

Bone manures contain from 4 per cent. to 6 per cent. of nitrogen, and from
40 per cent. to 50 per cent. of phosphate of lime; this form of manure is
sold as half-inch, quarter-inch, or as bone meal or dust, and is frequently
steamed to remove the fats. The nitrogen is of little availability, and the
phosphates, unless the bones are finely ground, are but slowly assimilated.

Mineral phosphates contain from 25 per cent. to 35 per cent. of phosphoric
acid, and are occasionally used without previous treatment intended to

render the phosphoric acid soluble.

Superphosphates usually contain about 20 per cent. soluble phosphoric
acid, and in the form known to the trade as ‘‘ double superphosphate ”’
up to 40 to 50 per cent. They are prepared from mineral phosphates by
the action of sulphuric acid.

Bastic slag is the material obtained as a waste product in the “ basic ”
process of steel manufacture ; it usually contains from 15 to 20 per cent.
phosphoric acid, and from 40 to 50 per cent. of lime, a portion of which
exists as free lime.

Reverted phosphate is the name given to a form of phosphate insoluble in
water but soluble in ammonium citrate solution, and which is valued at the
same figure as water-soluble phosphate. Superphosphates have a tendency
on storage to pass into reverted phosphate, and this form is also manufactured
and sold as precipitated phosphate, containing from 35 to 40 per cent.
phospheric acid soluble in ammonium citrate. ;

Potash.—Potash is applied in cane-growing countries as pure sulphate
containing about 48 per cent. potash. The chloride is occasionally used,
and kainit and other crude salts appear occasionally in mixed manures.

Green Manuring.—Green soiling or® green manuring is a practice which:
has been carried on for generations past. In Europe the method employed
is to sow a catch crop of some quickly growing plant between the harvest
of the one and_the seed time of the succeeding crop; the catch crop is
ploughed into the soil and acts as a green manure to the following crop.
The principles of this practice are as follows. It had been known for a large
number of years that leguminous crops (beans, peas, clover, etc.), although
they contained large amounts of nitrogen, did not respond to nitrogenous
manurings, and even frequently gave a smaller crop when manured with
nitrogen than when unmanured. It was eventually established by Hellriegel
and Wilfarth in Germany, about 1886, that leguminous plants are able to
absorb nitrogen from the air. The absorption is not made directly by the~
plant, but by the agency of bacteria. If the roots of a leguminous plant be
examined, there will be found attached to its rootlets a number of wart-like
excrescences the size of a pin’s head and upwards. These bodies, which are
termed nodules, on being crushed and examined under the microscope,
are found to consist of countless numbers of bacteria; these bacteria,
living in symbiosis or commensalism with the host plant, supply it with,
at any rate, a part of its nitrogen.

If then leguminous plants be sown and allowed to reach maturity, and
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then be ploughed into the soil, there is placed in the soil a large amount of
nitrogen obtained from the air.

Green manuring is practised most extensively in Mauritius and in
Louisiana, and also to an increasing extent in Hawaii and Cuba. In
Louisiana, after plant cane and first ratoons have been grown, the land
is sown with cow peas (Vigna unguiculata), using from one to three bushels
per acre ; in August or September the peas are ploughed in and cane planted
in October. According to Stubbs, the crop of cow peas above ground is
often removed as fodder for cattle, planters who do this holding that the roots
supply sufficient nitrogen for the crop, but Stubbs states that when the green
crop is ploughed in, an average increase over plant and first ratoon cane of
7-42 tons per acre is obtained over that secured when the green crop is
removed for fodder ; the amount of nitrogen afforded by a crop of cow peas
is, according to Stubbs, about 1oo lbs. per acre.

In Mauritius there are four crops used as green manures :—1. The Pois
d’Achéry (Phaseolus lunatus). 2. The Pois Muscat.* 3. Pigeon Pea
(Cajanus indicus). 4. Indigo sauvage (Tephrosia candida).

The first two are pea vines growing in dense thick matted masses. The
pigeon pea is a shrub growing to a height of four or six feet; the indigo
sauvage is also a shrub, but of rather more robusthabit. Thesystem generally
followed is to grow cane up to third ratoons ; the land is then planted with
one or other of the above crops, the time during which it is rested under the
leguminous crop being from one to three years, dependent on the fand
available. Where land sufficient for one year’s rest only is available, the
pois muscat is generally grown ; the pois d’ Achéry is generally allowed to
grow for two years, and the pigeon pea and indigo for three or four. All
four crops are planted from seed, which is sown about 15 to 18 inches apart.
Where no land can be spared to rest, one or other of the above crops is occa-
sionally sown between the rows of cane, and after a few months’ growth cut
down and buried.

Although the benefits of green manuring are undoubted, it must be
remembered that the expenses connected with it are not small, and very
‘possibly where virgin soil can be had in abundance it may for a time be more
economical continually to take in new land than to renew the fertility of old.
The benefits of green manuring are most pronounced on estates which have
continually to plant on the same soil ; such estates are found in Mauritius,
Barbados, and other small islands.

Besides placing in the soil a supply of readily available nitrogen, green
manuring has other advantages.

1. The advantages of a rotation are obtained.

2. The deep tap-roots of leguminous plants bring available plant food
from the subsoil to the surface soil.

3. The ill effects of a naked fallow are avoided.

4. The interposition of a crop other than cane will act as a prophylactic
towards fungus diseases and attacks of insects, for if the habitat of these
parasites be removed for any length of time it must result in their diminution
or disappearance from lack of food.

*The legumes known generally as “ velvet beans” and in various parts of the world as Mauritius beans
Bengal beans or Florida beans, were formerly put in the genus Mucuna. Following Bort, Bulletin 141, U.S.
Dept. of Agric, Bur, of Plant Indus., they are to be placed in the genus Stizolobium. The Florida bean is classed,
as S. deeringianum and has small marbled seeds ; the Mauritius bean, S. aferrimum, has black seeds; the Lyon
velvet bean, S. niveum, has ashy seeds, and the Brazilian velvet bean, S, pachylobium, has black and white seeds.
Some systematists would not admit these distinctions as being specific, and the beans as grown in Mauritius have
black, white and marbied seeds, to the writer’s knowledge.
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In certain quarters, notably in Mauritius, after land has been under
leguminosz for a time, it is prepared for cane cultivation again by burning off
the green above-ground crop. This process would seem to destroy the very
benefits to obtain which the green manure was planted. Planters who follow
this system claim as good a result as when the green crop is buried, and point
to the saving in expense. To obtain definite information as to this process
the writer once grew on small plots equal to 5, of an acre crops of the
Phaszolus lunatus and Stizolobium sp.  The results calculated out toanacre
were as below. The crop in both cases was six months between planting
and harvesting, which was done when the seeds were ripe.

Phaseolus Stizo-
lunatus. lobium sp.
Kilog. Kilog.
Weight, dry matter, in green crop 1621 .. 2522
3 X beans 5 132 43 466
e . roots o 123 = 8o
Nitrogen ,, in green crop 30°3 33 54°0
~ > roots 50 I°2 07
%= x beans 1k 56 167
Potash ,, 1n green crop 420 465
= e roots e 44 2°1
F ¥ beans : 1°2 9°5
Phosphoric acid in green crop 1I°4 14°4°
2 Y roots e I°I 04
b ¢ beans 5 07 3 4°2

It will be seen that about 8o per cent. of the manurlal value of the crop
was contained in the green crop ; if this is burnt off the nitrogen is lost, but
the potash and phosphoric acid remain in a form readily available for the
coming crop of cane. The economy of burning off the green crop and losing
the nitrogen is comparable with the practice of burning off trash ; in any
case there is obtained a large amount of mineral plant-food brought up from
the subsoil. The high nitrogen content of the bean straw, and the possi-
bility of using this material as bedding for plantation stock, and thus both
conserving it and obtaining a pen manure rich in nitrogen, is worthy of notice.

Among other plants grown in tropical countries as green manure are
Sesbania egyptiaca, Crotalaria juncea and C. laburnifolia, Phaseolus semierec-
tus, Arachis hypogea (the earth nut), Soja hispida (the soy bean), Dolichos
lablab (the bonavist bean), Phascolus mungo (woolly pyrol), Indigo tinctoria
(the indigo of commerce), and, in Hawaii, Italian lupines, the plant which
was used by the ancient Romans for the same purpose.

De Sornay,?? who has made a most detailed study of green manuring
under tropical conditions, has given the following crop results obtained
experimentally in Mauritius :—

WE1GHT OoF CrROP OF GREEN MANURES (DE SORNAY).
Weight of Green Crop. Nitrogen in Green Crop.

Plant. 1bs. per acre, 1bs. per acre.
Cow peas (yellow) 3 5 50,200 0 190
Cow peas (grey) 54 L9% 51,000 ke 219
Jack bean* 3 7 28,000 N 210
Pois Muscat black) : 96 42,000 o 210
Pois Muscat (white) .. 59 34,700 e 187
Pois Muscat (marbled) & 34,500 &35 248
Pois d’Achéry .. Cic 3% 23,100 ¥ 83
Pois amberiquet 3 o 42,600 226

When grown between the rows or 51multaneou>1y with the cane, the
crop amounts to about one quarter that recorded above.

*Canavalia eusiformis, ; +Phaseolus helvolutus.
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Pen Manure.—In those countries which employ animal traction very
large numbers of cattle and mules are kept for transport purposes, and large
quantities of pen manure are produced annually, and it is remunerative to
stall the cattle at night with sufficient litter, such as dry cane trash, to absorb
their urine. In Mauritius and the British West Indies great attention is
paid to this source of manure. The method adopted in Mauritius is as
follows :—

The live stock of the estate, which may number from two to three hundred,
are in great part kept in ““ parcs,” which may be from fifty to a hundred
vards square ; a portion of the parc is often covered in to provide shelter
ininclement weather. The whole area is covered with cane trash transported
from the fields and used as bedding. During the whole year if the supply
of labour is sufficient, the soiled litter'is in a continual process of renewal
and removal, the bedding being replaced throughout on an average once a
week ; on removal it is placed on stone platforms or in basins ten feet deep,
both platforms and basins generally being about fifty feet square. The whole
mass when completed is continually watered with fermented molasses and
water or distillery refuse, and sometimes with dilute sulphuric acid; the
drainings collect in stone pits and are continually repumped over the heap
of manure ; the object of this is to rot the manure and at the same time
to fix any volatile ammonia given off. In from six to twelve months the
manure is considered sufficiently rotten to place on the fields, where it is
applied at the rate of from ten to twenty tons per acre to plant canes only,
generally at an age of three months ; or occasionally the cane holes are filled
with the manure and the tops planted on it.

The amount of manure made per animal per year is from fifteen to twenty
tons where bedding is used, and, where the dry dung only is collected, from
two to three tons.

With the introduction of mechanical traction the quantity of pen manure
available has decreased. At first sight it would appear to be false economy
to attempt to force the production of manure by bringing in more material
than is necessary to absorb the urine and to contribute to the comfort of
the animal as bedding. Watts?5, however, advised a contrary procedure,
and is inclined to believe that the raw material rotted by the action of bacteria
becomes much more efficacious.

The composition of the manure varies within considerable limits ; where
a reasonable amount of bedding has been used, the percentage of nitrogen
generally, in the writer’s experience, lies between 0°6 and 08 per cent.,
falling to 0-3 to 0°5 per cent. where an excess of trash has been brought
to the stables or pens ; the potash and phosphoric acid do not seem to show
any variation dependent on the amount of bedding used, both lying between
the values 0°2 to 07 per cent.; these figures refer to manure with from
40 to 8o per cent. of moisture.

The expense of making pen manure is very considerable; the cost in
Mauritius before the Great War varied from two to five shillings per ton,
a portion of which expense would be incurred in any case ; the carting and
application cost about one shilling per ton, making the total outlay from three
to six shillings per ton. Pen manure is almost exclusively applied to the
plant crop. In Mauritius the holes in which the canes are planted are some-
times filled with material, and otherwise it may be distributed round the base
of the stools of cane when a few months old. In other districts where
mechanical tillage is in operation, pen manure and similar material is broad-
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casted by manure distributors and incorporated in the soil by harrows
in the operations previous to planting.

The experiments with pen manure in the British West Indies point to
the conclusion that applications to plant canes followed by the use of readily
available nitrogen on ratoon crops give the best financial returns.

With the general increase in the size of estates and consequent necessity
for mechanical traction, pen manure is losing its importance, and its place
is being taken by artificial fertilizers. The fertility of soils in districts
such as Barbados and Mauritius over many generations is, the writer
believes, to be largely attributed to the extensive and well-ordered use of
the pen manure manufactured on the estates. The modern tendency is
to grow crops with the aid of irrigation and of the more concentrated artificial
manures, and it largely becomes a question of the cost of the labour required
to make and to apply the pen manure compared with that required for the
purchase and application of the artificial manure. It is not yet known
what will be the final effect on the soil in several generations of the modern
practice.

The Return of Plant Residues.—Considered as a principle in agriculture,
everything produced from the soil, except that portion which forms the
commodity which is marketed, should be returned to the soil. Generations
of experience have established this principle in the older civilization, and to
its observance is to be attributed the long-continued productivity of the soils
of Europe and of Asia. To its neglect is to be assigned the continued march
westward of American farming. The very many analyses which have been
made of the cane afford means to construct a balance sheet of the demands
made by the cane on the soil. and of the distribution of the plant food re-
moved. The analyses quoted in Chapter II, however, show that from
analysis to analysis very great difference results. Reviewing, however,
a great mass of data the following balance sheet can be presented, as giving
an average of the essential features, with the proviso attached that individual
analyses can be found showing very different results :—

AGRICULTURAL BALANCE SHEET OF A CANE CRrOP.
LBS. PER 1,000 TONS OF STALKS,

Phosphoric
Lime. Potash. acid. Nitrogen.
Leaves, Tops, Roots 2000 7500 1100 2500
Stalks .. 3 o 500 3000 1000 1000
Sugars .. * 0% 50 550 15 50
Molasses ol 5 250 2150 95 250
Bagasse .. .. 50 300 100 100
Press cake .. e 750 — 790 600

In the construction of this balance sheet the manufacture of g6° test
sugar is assumed together with a high extraction at the mill. It is at once
apparent that the distribution of the elements brought to the factory with
the stalks will vary with the * extraction ”” and by the distribution of the
output between sugar and molasses. This in turn will be controlled by the
purity of the juice. In constructing the table, allowance is made for the
quantity of lime used in defecation.

Inspection of the tabulated statement shows that the greater proportion
of the material removed from the soil by the crop is contained in the residue
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of leaves, tops and roots, which normally remain on the land. In the case
of the phosphoric acid, however, the division between stalks and residues is
approximately equal. As regards the material entering the factory, 70
per cent. of the potash is found in the molasses, 20 per cent. in the sugars
and 10 per cent. in the bagasse. Of the phosphoric acid, 8o per cent. appears
in the press cake, 10 per cent. in both bagasse and molasses, and only a very
small quantity in the sugars. Of the nitrogen, 60 per cent. is accounted for
in the press cake, 25 per cent. passes to the molasses, 10 per cent. is found
in the bagasse and 5 per cent. in the sugars. That quantity which appears
in the molasses is mainly in amide form, the albuminoid nitrogen being pre-
cipitated in the defecation process. Of the lime the press cake contains
50 per cent. more than is introduced with the stalks, most of the balance
going to the molasses. Based, however, on the whole amount of matter
taken from the soil, only 20 per cent. of the potash is found in the molasses,
5 per cent. in the sugars, 3 per cent. in the bagasse, the balance, approximately
~70 per cent., appearing in the leaves, etc. Of the total amount of phosphoric
acid, half remains in the leaves and half is found in the factory products,
the press cake accounting for the major portion. Similarly, the leaves, etc.,
contain 70 per cent. of the nitrogen, 60 per cent. of the remainder being found
in the press cake, with most of the remainder in the molasses. It follows,
then, that the sugar cane cannot be considered an exhaustive crop since so
much of the material removed from the soil is actually returned or capable
of being returned thereto.

The agricultural economy of a plantation is influenced by the way these
crop residues are treated. Considering first the material contained in the
stalks, the greatest possible source of loss is in the molasses. Practice
differs as to its disposal. In Cuba nearly always, in Java and in Hawaii
very often, the molasses are sold as a part of the crop, or failing to find a mar-
ket are run to waste. Prior to 1914, the price of molasses in Cuba at the
plantation was about 2} cents per U.S. gallon, or $4.00 per short ton, and
equivalent prices prevailed elsewhere. A short ton of molasses will contain
on an average 80 1bs. of potash, which at 5 cents per 1b., the then price for a
Ib. of potash in high-grade material, exactly equals the price paid for the
molasses sold nominally on its content of sugars. Considered, then, from
the point of view of the agricultural economist, the sale of molasses off the
plantation should be condemned. The value of the potash thus annually
removed is very great. The world’s production of cane sugar now (1919)
amounts to about 13,000,000 tons, and the molasses corresponding to this
quantity will contain about 130,000 tons of potash of value $13,000,000
at pre-war prices for the potash alone, together with another $4,000,000
on account of the nitrogen. i ,

The most natural method of its utilization would be in the productio
of alcohol, with the recovery and return to the soil of the distillery ““ slop ”’
or at least with the recovery of the potash, as is often done in beet distilleries
on the continent of Europe. In some districts, notably Demerara, Peru
and Natal, the distillery often forms an integral part of the plantation,
but generally only the manufacture of alcohol is considered, the waste
product being neglected. Many years ago, however, a Demerara plantation,
““ Montrose,” installed a “lees” irrigation plant, which unfortunately only
operated a short time prior to the destruction by fire of the distillery.
Some attempt is, however, made there to dig out periodically the  lees ™
pond, and return the bulky evil-smelling material to the fields. Possibly
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in the future the development of the internal combustion engine using alcohol
may stimulate each plantation to thus provide its own source of power
for ploughs and locomotives, together with the retention of the material
removed from the soil.

Tnterest in the return of the molasses to the soil as manure was stimulated
by the results obtained in 1908 by Ebbels and Fauque?® in Mauritius, and
since then numerous experiments have given rather discordant results.
Harrison,?? for example, in Demerara found no increased yield following
on the application of molasses, but the results in Java,® quoted below,
indicate a real benefit, probably, as pointed to by the returns, due to the sugars
and not to the potash or nitrogen.

AcTION OF MOLASSES ON THE YIELD OF SUGAR CANE.

Cane.  Sugar.  Cane. Sugar,
$55 0 Tons Tons Tons  Tons
Application per acre. per.acre. per acre. per acre. per acre.
I. 5451bs. ammonia sulphate .. 69 6°6 61 FEOGUIEE
2. Asin 1, with 2350 Ibs. molasses 81 6:8 74 76 "
3. As in <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>