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PREFACE

Ix writing this handbook I have done my best to make
it practical.

This does not mean that the intention of the book
is to-teach the reader cocoa-planting, and it is not
expected that any one unacquainted with cocoa-culture
will become a cocoa-planter by reading the book from
beginning to end.

The practical planting-work must be learned in the
field, and I could quote here what has been written on
the first page of Chapter VI.

Many planting operations, however, are not always
well understood ; often the practical man knows, fow
he has to treat his trees or his soil in order to get the
best result, but not why. For this reason, different
operations, like weeding, shading, manuring, and
fermenting, have been explained more fully than is
done in most agricultural handbooks.

Other subjects have been treated in detail which
cannot be learned in the field, especially the varieties
of cocoa, the botanical characters, and the diseases and
their treatment. :

It is a golden rule that the cultural methods must

always be entirely dependent on local conditions.
v



vi COCOA

Generalising is one of the most dangerous things in
agriculture. I therefore considered it instructive to
devote a special chapter to the deseription of the
culture of cocoa in the different countries separately.

During the writing of this book I have been favoured
by the cordial help of many friends who assisted me by
giving information and photographs of the cocoa-
industry in their countries. I need not mention them
all, but I cannot omit rendering my sincere thanks to
Mr. van Overzee (Amsterdam) who completed and cor-
rected Chapter X., Mr. M. E. Seminario (Guayaquil),
Mr. Monteiro de Mendonga (Lisbon), the Agricultural
Society of Trinidad and its Secretary, Mr. Edgar Tripp,
Mr. Jacobson (Trinidad), Mr. van Beek (Surinam),
and Dr. Roepke (Salatiga). For the correction of a
part of the manuscript I am indebted to my friend
Frank Evans, late Assistant-Superintendent of Agri-
culture in Southern Nigeria.

Finally, I must mention especially the great help
afforded to me by "Sir Daniel Morris, who kindly
assisted me with the correction of the proof sheets.

C. J. J. van HALL.

BUITENZORG,
February 19, 1914.
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CHAPTER I
HISTORICAL ®

It is impossible to say how long the cultivation of
cocoa has existed, but it certainly goes back to very
ancient times.

In Europe both the plant and its produce were
unknown till the beginning of the sixteenth century,
when Cortez and his soldiers became acquainted with
it on their landing in Mexico. In his fifth letter to
Charles V., Cortez writes that the cocoa plant is
cultivated to a large extent in the provinces (Jupilcon
and Tatuytal ; he calls the tree ¢ cacao” or ¢ cacaguata.”
There is no doubt that the Indians had cultivated
cocoa for many centuries before this, for it played an
important role in their popular traditions and legends.
They believed that the plant was of divine origin, and
that Quatzalcault, a prophet of the Indian mythology,
had brought the seeds from Paradise and sown them
in his gardens at Talzitepec. By eating the fruit he
acquired universal knowledge and wisdom, and was
held in great reverence by the people. This legend
shows how highly cocoa was appreciated by the Indians
of Mexico, who honoured its produce in the same way
as afterwards did Linnseus, when he gave it the name
of ¢ theobroma,” signifying ‘“ the food of the gods.”

! An interesting chapter on the history of cocoa is given by Jumelle in
his book, Le Cacaoyer, and still more interesting particulars and illustrations
are to be found in a little book by Van der Wielen, Cacao, Cultuur en Bereiding
(Amsterdam, 1906).

B
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" At the time of Cortez, cocoa was not only highly
appreciated by the Indians as a beverage, but was
also used as a substitute for money, in the same way

as the kola-nut is still used in Africa.

That it was

Vanden Boom dic de Cacavate draegt,dat haer Geldt is,en
boce de Indianen uyrtwee HoutenVyer krijgen.

050 S0
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K250
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Heabate 't welck hun gelb ig / den

boom die dit d2aeche en ig niet eer
groot / fip en Yeaft niet dan in feete
placetfenn / doch in (chaduwe / Ywant
Yuiert hp befehenen van de Sonne Jp
foude Bergaen : Daeroin plant men
Dem in de boffchen dacr *t bochtich ig/
¢n beefende of dit niet genaeg en weasr
planten (b bem bo eenen baom die Bo:
e ig/ welcken o al waffends daer

ober bupgen/ en berbepden (pnen top/
fo dat hp groot Wweferde hein bedecht/
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van Dup macchenin ganfch FGndien/

onder de Fndianen getveeft,

F1c. 1.—The Cocoa Tree.

From the Dutch edition of Girolamo Benzoni’s History of the New World.

The following is a translation of the inscriptions :—

“Of the tree which bears Cacavate, which is money, and how the Indians obtain fire from
two pieces of wood.”

‘“Cacavate, which is money. The tree which produces it is not very large. It grows only
in hot places, but under shade, for if the sun were to shine on it, it would die. Therefore
they plant it in forests where it is humid, and, afraid that this is not enough, they plant it
next to a tree which is higher and which they bend over it, spreading out its top so that it
covers the cocoa tree, which thus gets shade all over it, so that the sun no longer does any
harm. When they want to make a fire, they take two pieces of wood from this tree and rub
them against each other till they catch fire; and throughout India this is the method of
making fire used by the Indians.” .

valued very highly is apparent from the fact that a
rabbit could be purchased for ten, and a slave for one
hundred beans. The different provinces paid their
tribute to the Chief in cocoa, and when the Spaniards
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defeated Montezuma, they found in his palaces great
quantities of the beans, which represented a great part
of his property and which were, of course, also drawn
upon to prepare the beverage, which was always kept
ready in golden beakers for his personal use. ¢ He
used to take this strengthening drink,” says Bernal
Dios de Castillo, * when he intended to visit his serail.”

As cocoa was so valuable, the common people could
only afford to mix a little of it as a spice in their
ordinary food, called ¢ atolle,” a sort of soup or
porridge made with corn-meal. The real beverage,
called “chocolatl,” was only used by the rich. This
‘“chocolatl,” however, was quite a different thing from
our cocoa or chocolate. It was made of corn and cocoa,
roughly ground between two stones and boiled with
addition of red pepper. At first the Spaniards could
not appreciate this mixture, and consequently did not
regard the plant as valuable; and in the same way the
Dutch corsairs, when they had captured some of the
produce, threw it into the sea, calling it in bad Spanish
“cacura de carnero” (‘“sheep’s excrement”). Accord-
ingly it was not until the end of the sixteenth century
that a small quantity was sent to Europe, and this only
as a curiosity. Soon after that time, however, the
Spaniards began to appreciate cocoa when they learned
to add sugar to it, and gradually they understood how
to make from it a drink pleasant to their taste by
mixing it with vanilla and cinnamon. This is said to
have been an invention of the nuns of the nunnery of
Guanaca. Prepared in this way cocoa soon became
popular among the Spaniards in America, and these
taught it to the people at home by importing to Spain
chocolate cakes, prepared with sugar, vanilla, and
cinnamon. «

As long as possible the Spaniards in America kept
the secret and the monopoly of -the manufacture of
these cakes in their own hands. It turned out, how-
ever, to be very difficult to prevent the export of
unprepared beans, and gradually the first European
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chocolate factories arose in Spain. One of the oldest
recipes for chocolate cakes is given by the physician
Bartholemy Maradon, as follows :—Seven hundred
cocoa beans, one pound and a half of sugar, seven
ounces of cinnamon, fourteen grains of pimento, two
ounces of cloves, three pieces of “vanilla or seven ounces

of aniseed.
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F1c. 2. —Indians roasting and kneading cocoa.

From the Dutch edition of Girolamo Benzoni's History of the New World.

From Spain the use of cocoa spread to Italy, where
it was introduced by a Florentine, Antonio Carlotti.

In France it became especially popular after the
marriage of Louis XIV. with Maria Theresa, who was
of Spanish origin. One of her Spanish servants was
very good at preparing chocolate, and Maria Theresa
herself was so fond of it that a French historian wrote :
“Le roi et le chocolat furent les deux seuls passions de

Marie Thérese.”
About 1660 chocolate was also a popular drink in
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Holland, especially in Amsterdam, and together with
the * coffee-house ” arose the ¢ chocolate-house,” recog-
nisable by its sign-board: “Hier schenckt men Seculate”
(“ Here chocolate is served ).

In those times, however, cocoa was still a rather
expensive drink. In France about six francs was paid
for half a pound, and Louis XIV., who started the
practice of serving chocolate to the guests at his re-
ceptions, soon decided to abandon the custom on the
score of its expense. In the middle of the eighteenth
century the price of cocoa fell considerably.  This
cocoa, however, was no longer a product of Mexico.
Venezuela had become by far the most important cocoa-
producer. This country began to ship cocoa to Europe
in 1634, and the trade grew rapidly to such importance
that the Spaniards prohibited the export to any other
country but Spain, in order to help the cocoa industry
in that country. But this prohibition had not much
effect.! The Venezuelans considered it more advan-
tageous to do business with other nations, and went on
selling cocoa secretly to Dutch and English merchants.
This secret commerce became so great that towards the
end of, the seventeenth century Spain received no
¢ Caracas cocoa”’ whatever; it all went to Amsterdam.
The export at that time was estimated to be not less
than 65,000 quintals, or 3,250,000 kilograms.

In the seventeenth century the Windward Islands
began to become important as cocoa-growing countries.
In Trinidad the first cocoa trees had been planted by
the Spaniards as early as about the year 1525. These
were entirely of the Criollo variety, and the produce
.was much appreciated and even preferred to the
Venezuelan (* Caracas ™) cocoa.

In the Leeward Islands the cultivation was taken
up later. In 1655, as old writers inform us,® the
Caribbean Indians showed a Mr. du Parquet the cocoa

1 Jumelle, Le Cacaoyer, p. 145.
2 Histoire naturclle du cacao ef dw sucre (4 Paris, rue de la Harpe, chez
Laurent d’'Houry, MDCCXIX.) ; no author’s name.
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tree growing wild in the forests of the north-eastern
district of Martinique (the part called ¢ Capesterre”),
and it is probable that the original Forastero, grown at
Martinique and Guadeloupe, the ““ Guadeloupe Creoule,”
is descended from these wild-growing trees. On the
other hand, it is said that seeds from Venezuela
were imported into Martinique in 1664 by a Jew
named Benjamin Dacosta; probably these were Criollo
seeds. :

Of the West Indian Islands, which in the seven-
teenth century became important as cocoa-growing
countries, mention must be made of Jamaica and
Haiti. In Haiti, however, the prolonged wars, which
ended in 1664 by the occupation of a part of the
island by the French, naturally caused a decline in the
cultivation. When the English took possession of
Jamaica in 1655, cocoa had already been grown. fairly
extensively by the Spaniards, and, according to Long
(ITistory of Jamaica), ““ there were (in 1671) as many
as sixty-five walks in bearing.”

The year 1727, however, was very disastrous for
cocoa all over the West Indies. In Jamaica, as well as
in Trinidad and Martinique, and probably in all the
other cocoa-growing Antilles, the plantations were
wholly destroyed by a “blast.” It seems very probable
that Morris is right in taking this ““blast” to have been
a hurricane; but there are writers who give another
explanation to the word, and assume that this “ blast”
was a blight, a disease which destroyed the trees.! It
1s, however, hardly conceivable that such a disease
would appear so suddenly, and in the same year, on
islands so far away from each other as Jamaica, Trinidad,
and Martinique, and also be equally destructive in all.
On some of the islands the cultivation was re-established
comparatively soon, but on others the process of restora-
tion was slower. About thirty years after the hurricane
cocoa was reintroduced into Trinidad by some Aragonese
Capuchin Fathers; they imported from Venezuela

1 Hart, Cacao (1911), p. 8.
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seeds of a new variety, the Forastero, which was soon
cultivated to a large extent. In Jamaica, however,
cocoa culture remained abandoned until the latter half
of the nineteenth century. In 1882 the plant was only
grown in isolated instances, but since that time the
cultivation has again made great progress. In Haiti
the many revolutions made regular development of the
cocoa culture impossible. The production continued
with ups and downs, until at the end of the nineteenth
century steadier progress began to be made.

The cocoa industry of Cuba is of quite recent date,
for though much cocoa was consumed in the island, it
was not till the beginning of the nineteenth century
that the first seeds were imported from Venezuela. In
1847 about 44,000 kilograms were produced, but this
was only enough to satisfy the local demand. Since
that time the annual export of cocoa has increased
with more or less regularity, and now amounts to about
2 million kilograms, though the yield varies considerably
in the different years. :

The first cocoa plants were imported into Surinam
(Dutch Guiana') in 1684 by Chevalier ‘de Chatillon
from the basin of the Orinoco, and in 1725 the first cocoa
was exported—about 180,000 kilograms. Gradually the
importance of this crop grew, but at the beginning of
the nineteenth century there was a decline, and the
cultivation was almost abandoned until about the
middle of the century.

Brazil, which in 1909 actually exported even more
than Ecuador, is one of the youngest cocoa-growing
countries. It is true that the cocoa tree grows wild in
the basin of the Amazon and that it has been cultivated
in the State of Pard since the middle of the eighteenth
century ; but that this culture was of no importance is
clear from the fact that only 7000 trees had been planted
in Pard up to 1749. In the case of the State of Bahia, I
which is now of far greater importance than Pari, the

1 The Netherlands colony which in England is called ‘Dutch Guiana”
is throughout this book given its Dutch name, ‘‘Surinam.”



8 COCOA CHAP.

first cocoa plants were imported in 1780. In the first
half of the nineteenth century the export was not
very important, and it was only about forty years
ago that a remarkable extension of the cultivation
took place.

While the “old” cocoa countries are to be found
in South and Central America—Mexico, Venezuela,
Trinidad and other Antilles, Ecuador, Surinam, and
Haiti, together with some of more recent importance,
such as Brazil (especially the State of Bahia), San
Domingo, and Jamaica—in Africa and Asia only
“young” cocoa countries are to be found. The most
important of these are San Thomé, the Gold Coast,
Ceylon, and Java.

In San Thomé, the fourth most important cocoa-
growing country, which now exports not less than
34 million kilograms per annum, the cultivation of
cocoa was only begun in 1870. It is true that the first

‘cocoa was planted much earlier (in 1822), but up till

\ 1870 the industry was of no importance, the export in
the latter year amounting only to 44,000 kilograms.
Twenty-five years later, in 1895, the export had already
reached the important figure of 7 million kilograms,
and sixteen years later it amounted to 34 million
kilograms.

The growth of cocoa on the Gold Coast has been
still more remarkable. The first shipment was made
in 1891—only 40 kilograms; twenty years later, in
1911, the export amounted to 40 million kilograms.
This great increase is the more interesting because in
the Gold Coast the cocoa is only cultivated on small
plantations.

The cocoa now grown in Ceylon is most probably to
a great extent descended from the plants obtained from
Trinidad by Sir R. Horton in 1834-5, and also from
varieties imported in 1880 from the same place. A few
plants must have been present on the island before
1834; at any rate the Botanical Garden contained
some specimens. The first, but very small, export took



1 HISTORICAL 9

place in 1872, and in 1875 it only amounted to 508
kilograms. Since that time the export has gradually
increased, and now amounts to about 3% million
kilograms.

Though cocoa plants were imported at an early
date into the Dutch East Indies—it is said they
were introduced into Celebes by the Spaniards as early
as 1560—the cultivation was for a long time of very
little importance. About the middle of the nineteenth
century, regular but small shipments were sent to
Amsterdam from Celebes, but nowadays the export from
this island is of no value at all. During the last thirty-
five years, however, Java has become a cocoa-growing
country of some importance. When the cultivation of
coffee began to decline, about 1880, many coffee fields
were replanted with cocoa, and a steady increase of this
area has since taken place. The industry would certainly
have become still more important if it had not been
hindered by different insect-pests, especially the cocoa-
moth and the Helopeltis.  The export now amounts
to about 2} million kilograms.

The foregoing figures will already have given an im-
pression of the enormous extension of the cultivation and
use of cocoa in the last fifty years. This extension is to a
great extent the consequence of the invention, in the year
1828, by the Dutech manufacturer, C. J. van Houten, of
a method of preparing cocoa-powder, by which a great
part of the cocoa-butter is removed. The cocoa beans
contain about 50 per cent of cocoa-butter, and the old-
fashioned cocoa drink was therefore a heavy, though very
nourishing food. By the removal of a great part of the
fat it is made much more fit for general use, being lighter
and more pleasant, and also cheaper. In this way the
chocolate-cake industry was succeeded by the ‘ cocoa-
powder” industry—u.e. the preparation of a powder of
pure cocoa containing only a small amount of fat, and
soluble in water and in milk; and this “ cocoa-powder ”
ork“ cocoa ” gradually took the place of the old chocolate
cakes.
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In addition, the greater facilities for export, the
vastly improved methods of preparation with powerful
and scientifically-arranged machinery, and the lower
duties have all helped to make cocoa more popular
every year. The following figures show the increase in
the consumption of cocoa in England :—!

Lbs. b 4

() ] LS e 523,000 | 1870 . . . 6,943,000
1 Tl e Rl ! 976,000 | 1880 . . . 10,566,000
1840 . . . 2,042,000 | 1890 . . . 20,224,000
1850 . . . 3,081,000 |1909 . . . 88,133,000
B o i - 8, S8 LO00

The next table (p. 11) shows the progress which has
been made in the production of cocoa by the principal
countries concerned, during the last eighty years. The
figures indicate tons of 2200 lbs. (=1000 kilograms).
It must be remembered ‘that most of the figures are
only approximate. No accurate statistics existed of
the earlier dates given, and in addition different sources
often yield different figures.

In this list the various countries are arranged accord-
ing to the amount of cocoa they export. It istrue that
in 1909 Brazil exported’ more than Ecuador; but this
was exceptional, and Ecuador has still to be regarded
as being the most important cocoa-growing country ;
Gold Coast follows as second, Brazil as third, San
Thomé as fourth, etc. The black vertical lines indicate
that no export of any importance took place. The
countries with these lines are therefore of recent im-
portance from a commercial point of view. Two of
them, however, Surinam (Dutch Guiana) and Martinique
with Guadeloupe, grew cocoa centuries ago, and were at
one time of some importance on the cocoa market, but
became backward and eventually disappeared from the
market, Martinique with Guadeloupe in the end of
the eighteenth century, Surinam in the beginning of
the nineteenth century. The very rapid growth of the

1 Qocoa : AU about it, by *‘ Historicus” (London, 1896).
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1 COCOA CHAP. I

cocoa export from the Gold Coast, San Thomé, Brazil,
and San Domingo, is especially conspicuous as compared
with the comparatively slow increase of Venezuela and
Haiti, both of which lost much of their importance on
the market during the latter part of the nineteenth
century.



CHAPTER 1II
GEOGRAPHICAL DISTRIBUTION AND CLIMATIC CONDITIONS

G roararricar, DisTripurioN.—It is most probable that
the home country of cocoa is the region of the basins of
the Orinoco and the Amazon, with the valleys of their
tributary streams.' It is true that it has been reported
as growing wild in the forests of various other regions
—e.g. Mexico, Trinidad, Martinique, Guiana, Ecuador,
Colombia—but there is no proof that its presence in
these countries is really spontaneous. On the other
hand, it might be maintained that it is also doubtful
whether cocoa is indigenous to the forests of the Orinoco
and the Amazon region; but the much larger number
of trees growing wild there make this more probable.

The difficulty of tracing the place of origin is due to
the fact that at the time of the discovery of America,
cocoa had already been cultivated for centuries by the
Indians, whose nomad life helped to spread the valu-
able tree, which they appreciated so highly, all over
tropical America. Moreover, the ease with which cocoa
seeds are disseminated by different animals—especially
monkeys, which often carry the fruits miles away—
affords an explanation of the fact that in almost every
country where cocoa is grown, it is also found growing
wild in the forest, generally in groups of several
trees. This makes it impossible, when we find cocoa
growing wild, to say whether this growth is spontaneous
or not.

1 De Candolle, L’ Origine des plantes cultivées, part ii. chap. v.
13
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In the tropical parts of South and Central America,
and more especially in the coast region of the continent
and in the Antilles, cocoa has been grown for several
centuries and is found growing wild in many places.
How the cultivation has spread and developed in this
part of the world and how it was conveyed to Africa
and Asia, has been described in Chapter L., but only the
most important cocoa-growing countries were mentioned.
A more complete list of these countries is now given,
though several of them are of no importance from a
commercial point of view. The countries where only a
few trees have been planted as an experiment have been
omitted from the list.

Central America.—Mexico, Guatemala, Honduras, San Salvador,
Nicaragua, Costa Rica, Panama. :

South America.— Pacific coast : Colombia, Ecuador, Peru, Bolivia.
Caribbean and Atlantic coast: Venezuela, Surinam (Dutch Guiana),
Brazil (the States of Pard, Maranhio, Bahia and Pernambuco).

Antilles.—Cuba, Haiti and San Domingo, Jamaica, Guadeloupe,
Martinique, Dominica, St. Lucia, St. Vincent, Grenada, Trinidad,
Tobago.

Africa.—San Thomé, Principe, Fernando Po, Gold Coast,
Togo, Lagos, Kamerun, Belgian Congo, German East Africa,
Madagascar, Réunion.

Asia.—Ceylon, Indo-China, Philippines, Java, Samoa.

Temperature.—Cocoa can only be grown in the
tropics, for it is very particular about temperature and
soon suffers from cold. In most countries it takes
harm when the temperature falls below 60° F. (about
15° C.), or at any rate when this happens repeatedly.
It is thus essentially a tropical plant; it will not grow
in the sub-tropics, and is only found in countries situated
between 20” north and 20° south latitude.

In this respect it is more exacting than coffee
(Coffea arabica), though the two plants are very
similar in regard to other conditions of cultivation.
Coffee, however, can stand a cool climate better, and it
is therefore possible to grow it in latitudes where cocoa
cannot thrive —for instance, in Brazil above 20°
southern latitude, and in Africa north of the limit of
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16 COCOA CHAP.

cocoa cultivation. This fact is well exemplified in
Java, in those places where cocoa and coffee are grown
up in the mountains. There the average daily tem-
perature sinks rapidly with the elevation, and speaking
generally, cocoa does not thrive above 1800 feet above
sea-level, while coffee is grown successfully on much
higher altitudes. Further, it is well known in every
Botanical Garden how difficult it is to grow cocoa
trees satisfactorily in greenhouses, and how very seldom
they flower and give fruit, while this is by no means
the case with coffee.

The monthly maximum and minimum temperatures
(shade), in degrees Fahrenheit, of a few well-known
cocoa- growmg countries, are given in the following
table :—'

Trinidad Surinam Gold Coast
(Bot.Gardens).| (Exper.Garden).  (Aburi).

_ A iy P = T b
January . . 69-86 71-84 65-83
February . . 70-87 72-85 68-84
Marcha T s mlis 70-88 73-84 63-87 |
JAIDE [ SUSt S S 6986 74-85 66-84
M yae LS 70-88 73-84 67-85
Ji I 70-87 72-86 66-82
July ATV P 69-87 T3-87 67-81
August . . . 70-88 74-89 66-81
September . . 70-88 74-91 66-84
October il 70-88 S0l 65-86
November . . 69-88 73-89 69-86
December . . 70-89 72-87 68-85

Rainfall.—The humidity of the soil is also of the
greatest importance to cocoa. It is of course impossible
to state a minimum amount of rainfall which is
necessary in order that cocoa may thrive, because so
much depends on the depth and the water capacity of
the soil.

1 Wright, Cocoa, p. 15; Gold Coast Annwal Reports, 1908 and 1909 ;
Meteorologische Waarnemingen (Dept. of Agriculture, Suriram).
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In Surinam, for instance, the soil is rather poor in
humus and very shallow, and the roots cannot go
deeper than 13 to 2 feet. The result is that, in spite
of the considerable water-retaining power of the soil,
the cocoa sometimes suffers from drought. Fortunately,
severe and continuous droughts are rare in this country,
and even in the driest months (September and October)
an occasional shower generally falls, making the average
rainfall in those months about 70 mm. (275 in.).

Severe droughts, lasting several months, are some-
times experienced on some of the cocoa plantations in
Java, but here the soil is deeper and generally richer in
humus. The cocoa can accordingly have a deep root-
system, and this enables the plant to stand the droughts
without damage.

In other countries, again, the rainfall is very small,
but the necessary amount of water is supplied by means
of irrigation. This is especially the case in the coast
region of Venezuela, between La Guayra and Puerto
Cabello. Here the famous Venezuela Criollo is grown
in narrow valleys, where the soil is rich in humus, but
where the rainfall is estimated to amount to no more
than 1200 to 1500 mm. (47 to 59 in.) per annum.
Water is supplied mainly by means of a primitive
irrigation, the brooks being dammed by little walls of
stone and conducted to the cultivation area through
open trenches.

Another country apparently with a small rainfall is
San Thomé; but few reliable figures are available.!
The total annual rainfall seems to range between 1000
and 2500 mm. (39 and 98 in.), while in the months of
June, July and August long droughts may occur. The
effect of these, however, is apparently not very serious,
principally in consequence of the fact that the sun is
not very strong and the sky mostly cloudy. Under
other conditions so little rain would be detrimental.

On the other hand, too much rain can equally be
an impediment to successful cocoa-growing. No limit
! Chevalier, Le Cacaoyer dans U Quest africain, pp. 27-29.

C
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to the rainfall can be given, however, because here again
it depends wholly on different circumstances whether
the cocoa suffers or not. Generally speaking, however, a
rainfall of more than 5000 mm. (196 in.) is unfavourable.
When the rain falls in heavy showers, which last only
for a short time, while the rest of the day is bright and
sunny, the effect of a heavy annual rainfall is not so
detrimental as when the rain falls more slowly but more
continuously ; and when the soil is porous and drains
quickly, a heavy rainfall will not be so harmful as on a
stiff, compact soil, which gives off the water slowly.
Thus in Surinam, where the soil is very compact,
months with a rainfall of 400 to 500 mm. (155 to 195
in.) are decidedly unfavourable, and in the rare cases
when more than 500 mm. (19°5 in.) of rain has fallen
(for instance, in February 1902 and April 1907), much
damage was done. In Java, however, even larger
amounts are not at all an exception on several estates,
and the cocoa does not shéw any ill effects when the
soil is porous and the drainage perfect. At the planta-
tion ““Widodaren,” for instance, the following quantities
of rain were experienced without harming the cocoa :—

January. February. March.
1900 615 mumn, 425 mm. 711 mm.
1902 479 ,, SO 521 ,,
1903 523 XTI s QLGS
1905 Gt = oy 649 ,, 360
1906 GO 548 |, 554 ,

From the foregoing it will be clear that a simple
statement of the total amount of rain per month or
per year conveys only a very imperfect idea as to the
humidity of the soil, especially with regard to its cap-
ability for the cultivation of cocoa. A few examples
may, however, be given, and further details as to the
peculiarities of the different cocoa-growing climates will
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be found in Chapter IX.

GEOGRAPHICAIL DISTRIBUTION

monthly figures * are in millimetres * :—

19

The following average

22 |af | Besle.a| B [BesxlBas|aes| | E| &2

28 |55 555 |gE2 | 2F |55 |58 | 255 | &2 |pds|eGE

50 | 52F | E8%|£8% | B5 288 <55 |wdE| ¥E |23 |adS

€3 |82 |ASa (a8 | § |3BFC| 38 223 | ©F | 2| &E
Jan. 73 108 105 237 104 41 210 119 510 | 414
Feb. 39 98 75 152 20 52 81 59 473 322
March 48 49 72 157 153 377 174 120 87 490 | 397
April 50 78 58 223 149 405 183 182 189 332 247
May 98 130 | 110 258 111 481 245 172 149 213 189
June 207 | 251 | 210 | 280 ] 69 327 | 201 | 228 | 150 | 152
July 228 272 270 201 550 80 126 156 171 77 100
Aug. 245 213 253 166 800 90 21 107 143 72 92
Sept. 183 184 232 84 23 223 120 148 142 92 108
Oct. 167 230 206 75 124 481 204 297 275 243 196
Nov. 173 164 165 137 160 | 312 175 272 267 464 332
Dec. 121 | 151 164 | 251 64 | 138 76 | 320 | 224 | 484 | 386
Total | 1632 | 1928 | 1920 | 2221 | 2156 | 2780 | 1744 | 2266 | 2053 | 3600 | 2935

L Reports of the Botanic Station, etc., Grenada, 1909-10 ; average rainfall in
nineteen years at Richmond Hill (1891-1909).
Reports of the Botanic Station, etc., Dominica, 1909-10 ; average rainfall in
seventeen years at the Botanic Station (1893-1909).
Chevalier, Le Cacaoyer dons I Ouest africain, pp. 27-29.
Report of the Agricultural Dept., Govt. of the Gold Coast, 1909 ; average rain-
fall in five years at Tarkwa Station (1904-1908).
Royal Botanical Gardens, Ceylon, Report for 1909 ; average rainfall of twenty-

six years (1884-1909).

Wright, Cocoa, p. 15.

Rain Records of the Estates * Widodaren” (Djember) and ¢ Getas” (Salatiga) ;
the figures of ¢‘ Widodaren” are averages of twenty-four years (1886-1909), the
figures of ‘“ Getas” averages of ten years (1900-1909).

Nederlandsche Meteorologische Jaurbocken ; average rainfall of twenty-four
years at Paramaribo.

2 2556 mm.=1in.



CHAPTER III
THE CHEMISTRY OF COCOA AND COCOA SOILS

INx this chapter the different chemical data in regard to
soil, plant and produce are stated as concisely as
possible ; but, as our knowledge of the various chemical
questions involved is very imperfect, the reader will
find that this compilation does not take the form of a
rounded-off survey. Moreover, the figures as to the
mineral constitution of soil and tree, though quite
reliable, have very little practical value, for it is a
mistake to imagine that a knowledge of these con-
stituents will give indications of any value as to the
manure required. As to the various and important
constituents of rather complicated composition, which
occur in the seed before and after fermentation, the
methods applied by different analysts often give dif-
ferent results, owing to several of the methods employed
being imperfect. Accordingly many of the figures about
the amount of these constituents must be accepted with
reserve.

TrE SoIL

The question of the value of figures as to the
chemical constituents of a soil in giving an impression
of its qualities, especially its fertility, is discussed in
Chapter VI. The conclusion there arrived at is that,
speaking generally, their value is very small. At any
rate, we are as yet unable to say, from a considera-

tion of such figures, what constituents are present in
20
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sufficient quantity and what constituents have to be
supplied by manuring in order to obtain a maximum
yield. It may be, however, that later on figures of this
kind will gain in 1mportance when our knowledge of
this branch of agricultural chemistry has made more
progress.

The following types of good cocoa soils of dif-
ferent countries were analysed by Professor Harrison
(Demerara) :—*

Grenada. |St. Vincent.| Trinidad. | Surinam. | Nicaragua.

* Organic matter and

combined water . 7644 3:046 3:768 | 15452 | 10-815
Phosphoric anhydride 0082 0114 0-084 0139 0-293
Sulphuric anhydride . 0118 0'055 | traces 0047 0-141

Chlorine . . .| traces traces nil traces 0°007
- Iron peroxide . r 9-:085 9574 3:910 5952 7:000
Alumina . [ .| 13628 8:889 2:038 | 16°076 4717
Manganese oxide . 0-191 0435 0-127 nil 0'163
Calcium oxide . 3 1:335 4-981 0-356 0495 2250
Calcium carbonate . 0236 nil nil nil nil
Magnesium oxide . 1-367 2:418 0°495 1-071 0217
Potassium oxide . 0-254 0-178 0°118 1-:072 0619
Sodium oxide . 2 0393 0°369 0-278 0258 1'184
Insoluble silica and
silicates A .| 65-66%7 69-941 88-826 59438 72594

100-000 | 100-000 | 100000 |100°000 | 100000

* Containing nitrogen 0-309 0°205 0°100 0:306 0-228
Water retained by air-
dried soil . 5 8-500 8100 1:800 | 11:000 8:000

Hart also gives several analyses of soils which are
considered to be poor cocoa soils. Some of these,
containing only 0'02 per cent of phosphoric anhydride,
may possibly be deficient in phosphorus, but in others
the analysis gives no explanation of their unsuitability.
One example may be given—a soil from Grenada :—

1 Quoted in Hart, Cacao (1911), pp. 188-189.
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Per cent.

* Organic matters and combined water .  8:035
Phosphoric anhydride . . . 0120
Sulphuric anhydride A 3 . 0028
Chlorine : : : : . traces
Iron peroxide . % . . 9642
Alumina 5 g 0 ] . 15403
Manganese peroxide ; : . 0083
Calcium oxide ! ) ; SBEGI96
Calcium carbonate . : ; 5 ER0:52
Magnesium oxide . ] 5 e = (010)
Potassium oxide . ! ? . 0097
Sodium oxide . c 5 0360
Insoluble silica and sﬂlcates . . 65723
100-000

* Containing nitrogen . ] : 071100

In this soil the proportions of phosphorus, potassium,
calcium and nitrogen may all be said to be sufficient.
The amount of phosphoric anhydride (0°120 per cent)
is greater than that in seven out of ten soils mentioned
as good cocoa soils, the proportions in these seven cases
varying between 0'044 per cent and 0°114 per cent;
the amount of potassium oxide (0097 per cent) is not
high, but is nearly as high as in a good Trinidad soil
mentioned (0°118 per cent); the amount of calcium as
oxide (0196 per cent) and as carbonate (0152 per cent)
is rather high, while nitrogen (0°109 per cent) is present
to a hmher deglee than in some good cocoa soils (two
Trinidad soils mentioned as good contained 0°100 per
cent and 0°107 per cent). In the poor soil from
Grenada, already mentioned, it may be that a great
portion of the phosphorus or the potassium is present
in an unavailable form, but the figures of the analysis
do not furnish this information.

In various handbooks we find the statement that
“the most important point chemically is that the soil
should contain an ample supply of available potash, a
fair supply of nitrogen and a medium one of phosphoric
anhydride and of lime.”’ This assertion may be true

! Hart, Cacao (1911), p. 190 ; other authors express similar opinions.
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—at any rate nobody is able to contradict it—but, on
the other hand, nobody can prove it to be correct as
long as we are unable to tell by analysis how much
available potash, nitrogen, phosphorus, and lime is
present. While this continues to be the case, such
statements, as well as the figures of chemical analyses
of soils, are from a practical point of view worthless.

Wright' gives a concise review of the quantities of
the principal elements present in good cocoa soils
of different countries. Some examples may be of
interest * :—

]
P ae ™ | Enhyauide.| Nitrogen. | el | SEANE.
Per cent. | Per cent. | Per cent. | Per cent. I Per cent.
Guadeloupe . . | 0-111 0124 0°205 0173 ?
Martinique . . | 0-111 0243 0211 1-300 ?
St. Vincent . . | 0178 0114 0205 4-981 nil
Grenada . . . 0-254 0082 0-309 1-335 0236
[iininidadis. = 5= 0118 0:084 0-100 0356 nil
Do. o JSERA 0-267 0117 0-140 0-124 ?
Venezuela . . | 0:392 0-147 0071 0594 nil
Surinam . . . 1072 0-139 0-306 0-495 nil
Nicaragna . . | 0°619 0-293 0-228 2250 nil
Réunion . . .| 0-580 0+400 0:300 0-350 ?
Ceylon { 0-03 to |tracesto| 0-1t 002 to 9
04 01 05 0-35 y

It is worth mentioning that the cocoa tree can
stand a good amount of salt (sodium chloride) in the
soil. In Surinam it is well known that cocoa can be
cultivated successfully even on soils which are con-
tinually impregnated by brackish river water. This
condition prevails, for instance, on the cocoa fields of
many small proprietors, situated along the Surinam and
Commewyne rivers, where the brackish water of the
rivers is only imperfectly retained by a primitive embank-
ment and a primitive sluice, through which at high tide

‘11 Wright devotes considerable space (pp. 141-150) to the compesition of
i S'The figures for Guadeloupe are from Boname, and for Martinique from Rouf,
and are given here as quoted by Wright ; the figures for Ceylon are also taken

fI'r{omt Wright ; the other figures are all from analyses by Harrison, as quoted by
art.
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the water oozes easily. Also, in San Thomé, near San
Miguel, there are plantations which are often flooded
at high tide and where the soil doubtless contains a
relatively large amount of salt.

In these cases the plant has become accustomed
to this condition, having been grown on this salt-
containing soil from the beginning. If, however, this
is not the case, cocoa is very sensible to salt or brackish
water. On well-drained and well-embanked plantations
in Surinam, where the soil does not contain chloride
of sodium or only traces, cocoa is soon injured when
brackish water flows into the plantation through a
breach in the embankment or otherwise.

As regards physical composition, it will be obvious
that the different cocoa soils show in this respect great
differences, and the plant cannot be said to prefer the
stony soil of San Thomé, the heavy alluvial clay of
Surinam or the volcanic, porous soil of the Antilles and
Java.

CONSTITUENTS OF THE TREE AND FRUITS

Marcano and Cockrane went to the trouble of
calculating the weight of different parts of the trees
planted on one hectare and the constituents of those -
parts. The object of this calculation was to ascertain
what quantity of the different mineral constituents is
taken from the soil, in order to obtain an idea of the
amount of the different elements which should be
restored by manuring. Though this aim can never be
attained by such a calculation (see the discussion on
the point in Chapter VI.), some of the figures arrived
at by these investigators are interesting enough to be
quoted.

Marcano first calculated the weight of the different
parts of the tree (stem, branches, leaves, seeds and husks)
on one hectare, but his figures are hardly important

1 Marcano’s figures are taken from Jumelle, Le Cacaoyer, pp. 88-91, Cockrane’s
from Wright, Cocoa, p. 162.
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enough to be detailed.’ The analyses of the different
parts is of more interest. The figures of Cockrane are
given in a simplified form in the following table, but
they must be looked upon as only approximate :—

Stem and Twigs and ‘ Seed Fruit

branches. leaves. ‘ oot husks.

4 (Silica . 05 28°0 f 2:0 25

% § |Lime . 295 26-0 7-0 90
g B { Magnesia 100 60 17:0 7:0
S 2 | Potash ol [y < BB 190 36°0 490
- 8 !Phosphoric acid 40 3:0 31-0 45
Other constituents . 270 180 ‘ 7:0 28°0
1000 100-0 ‘ 1000 100°0

It is rather striking that the amount of potash,
especially in the fruits (seeds and husks), should be so
large.

“The following table shows the total amounts of the
different elements contained in the trees per acre, and
the quantity of each which is found each year in the
crop i —

Quantity contained in the | Quantity annually contained
trees. in the crop.
According to | According to i) L s
Marcano Cockrane acg) i acIc_Io rdl.ng up
arrison arrison
(Venezuela). (Ceylon). (Guiana). Tefioiings
1bs. 1bs. 1bs. 1bs.
Nitrogen . 201 123 7-12 9-12
Lime 400 313 05 2
Magnesia 111 86 2-3 3-5
Potash g 251 277 3-6 22
Phosphoric acid 95 42 4-5 4-6

1 Besides, I fear that these figures are not reliable.

According to Marcano,

0°7 hectare produces 319354 kilograms of dry-substance seeds (including seed
coats) and 457-076 kilograms of husks, or 456 kilograms of seeds and 653
kilograms of husks per hectare. One hectare, however, produces about 550
kilograms of dry cocoa ; 25 to 40 fruits are necessary for 1 kilogram of cocoa,
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It must not be forgotten, however, that the amounts
of the different elements contained in the trees and
in the crop may vary considerably, according to the
soil, the bearing power of the trees and the variety
cultivated. Moreover, the figures are of no importance
at all in the direction of indicating the kind of manure
required for cocoa soils. They could even lead us
astray. For instance, the large amount of lime con-
tained in the cocoa tree might lead to the conclusion
that a satisfactory yield can be obtained only on soils
rich in lime, or that the yield can be increased by an
application of lime to soils which are poor in calcium.
But this is by no means always the case; in Surinam
the soil is poor in lime, but still it gives high yields of
cocoa, and manuring with lime, though often tried, has
never met with any success.

The relative weights of the different parts of the
fruits were measured by Harrison as follows :—

“ Calabacillo.” ¢ Forastero.”
Per cent. Per cent. 3!
Husk : A : 80-59 89°87
Seeds with pulp.. 4 19-41 10-13
10000 100-00

The absolute weight was not given.

A few hundred pods of a typical Surinam Amelonado
type were weighed by the present writer, and the
average was found to be as follows :—

Husk . . 4 . 431 gi‘ams = 77 per cent.
Seeds with pulp . o LS R e SO »
Whole fruit. . 559 grams = 100 per cent. -

say 30 fruits. One hectare would therefore produce 16,500 fruits. Oue fruit
contains about 100 grams of seeds (about 25 grams dry substance) and about 400
grams husks (about 68 grams dry substance). This amounts to 412} kilograms of
seeds and 1022 kilograms of husks (both dry substance) per hectare. I agree that
estimates may differ a little, and Marcano’s figure of about 456 kilograms of
seeds corresponds fairly well with my figure of 412} kilograms. But the figure
of 653 kilograms of husks is certainly too low, if 456 kilograms of seeds are
produced.
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Speaking generally, the finer types of Forastero
show a smaller percentage in weight of seeds and pulp,
while the coarser varieties have generally a larger
amount of pulp, so that the weight of seeds with pulp
represents a larger percentage of the weight of the
whole fruit.

With Criollo it is again different.
found to yield as follows :—

Java -Criollo was

Husk . ; 370 grams = 79 per cent.
Seeds with pulp N s = | 2 h
Whole fruit. 467 grams = 100 per cent.

As regards the relative weight of the different
substances of the fresh seeds, the following figures were
obtained by Harrison :—

¢“ Forastero”
¢ Calabacillo.” (probably Angoleta
or Cundeamor).
Per cent. Per cent.
Pulp . ! : 39 42
Cuticles of beans. 9 5
Kernels of beans. 52 53
100 ; 100

Probably more numerous measurements would con-
firm the conclusion that the coarser varieties of Forastero
(as the * Calabacillo” of Harrison) have relatively
heavier cuticles than the finer ones (as the ““ Forastero”
of Harrison); but the quantity of pulp is generally
greater in the coarser varieties—a fact which leads
again to the warning not to consider the above results
as standard figures.

Numerous analyses have been made of the fruits of
different varieties. Harrison examined separately the
kernels of the beans, the cuticles and pulp, and the
husks ; this was done with the fruits of a ¢ Calabacillo”
and with fruits of a ‘ Forastero” (probably Angoleta
or Cundeamor), both types from Demerara. In con-
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sidering these analyses, it must not be forgotten that
they are not to be considered as giving the average
constitution of the Calabacillo type and of the
Cundeamor or Angoleta type. Probably the fruits of
different countries are rather different as regards con-
stitution, and it may be, for instance, that the
Amelonado type from Arriba (Ecuador), the Surinam
Amelonado and the San Thomé Amelonado show greater
differences than the ‘“ Calabacillo” and the ¢ Forastero”
mentioned here. But no data are available for a concise
review of the average constitution of the different types
of different countries, and we shall therefore only give
the results arrived at by an authority such as Professor
Harrison :—

[TaBLE
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These figures show the low percentage of mineral
constituents in the seeds, and this makes the total
quantity of such constituents in the yearly crop com-
paratively small.

Interesting chemical differences between the two
cocoa types investigated by Professor Harrison cannot
be deduced from the figures just given; but it is an
interesting fact that many substances contained in the
kernels are also contained in the cuticles and pulp,
though in smaller quantities. This is especially the
case with theobromine, caffeine, fat, astringent matters
and cocoa-red, and is the explanation why the cuticles
are used as a substitute for, and as a means of
adulterating, the kernels.

CHANGES DURING FERMENTATION

In Chapter VIL the cause and the principal effects
of fermentation are discussed. Some of the chemical
processes involved may be dealt with here.

Fermentation is always started by the action of a
yeast organism which changes the sugar of the pulp
into aleohol and carbonic acid. The sugar contained in
the pulp is principally ordinary cane-sugar or saccharose
(C,H,,0,,). This is first split up by the invertase of
the yeast into dextrose (the sort of sugar contained in
grapes and other fruits), according to the equation :—

C1oHyp00y; + HyO = 2CH,,04

Saccharose.  Water.  Dextrose.
This process is closely followed by the splitting up of
the dextrose into alcohol and carbon dioxide, according
to the equation :—

C.H05 = 2C,H,0 + 200,

Glucose. Aleohol.  Carbon dioxide.
The alcohol is again oxidised into acetic acid by a second
organism, a bacterium, the chemical process being
indicated by the equatlon -
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C,H0 + 0, = C,H,0, + H,0
Alcohol. Oxygen. Acetic acid.  Water.

This process takes place together with the develop-
ment of heat. In the fermenting-boxes the temperature
is usually allowed to rise to about 45° or 50° C. (1138° or
122° F.). This temperature kills the protoplasm of the
kernel, and accordingly the different substances contained
in the seed are allowed to act upon each other; a direct
and important influence of the acetic acid upon the
substance in the seed has not been demonstrated. Many
of the changes and chemical reactions in the seed during
fermenting and drying are still unknown. A Jarge and
interesting field of investigation for the analyst is here
unexplored.

Three of the important chemical reactions, which
have been more or less carefully studied, may now be
described :—

(1) The formation of cocoa-red and theobromine.—
The manner in which these substances originate is
not yet properly determined. It may be that it takes
place by oxidation of a glucosid, cacaonine,’ but several
investigators (among them Ultee and van Dorssen) deny
or doubt the presence of a glucosid in the cocoa seeds.
Others accept the presence of the glucosid cacaonine,
which they presume to be split up and at the same time
combined with oxygen under the influence of an enzyme.
The result of this reaction would be theobromine and
cocoa-red, according to the equation :—

CyoHgN, + 8H,0 4 200, = C;HO,N, + 6C;H,,0,4 + C;H,,0,,

Cacaonine. Water. Oxygen. Theobromine. Glucose. Cocoa-red.

The theobromine is important, as it is the principal
substance which gives the cocoa its tonic properties.
The cocoa-red causes the reddish colour of the prepared
bean ; it was formerly regarded as important as giving
the cocoa its peculiar flavour. This however is not the
case, as cocoa-red is tasteless and flavourless.

! Sack, ‘“Bydragen tot de kennis van het fermenteeren der cacao” (Bulletin
No. 10 of the Dept. of Agriculture, Surinan).
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(2) The formation of the essential oil.—The fact
that fermented and dried cocoa yields a peculiar and
fragrant smell when boiled points to the fact that it
contains an essential oil. This oil can be obtained by
distilling the cured cocoa by means of water vapour.

(8) The disappearance by oxidation of a part of
the bitter-tasting or astringent matter.—It has been
accepted by most authors that the cause of the bitter
taste of the fresh bean, which to a great extent dis-
appears during fermentation and drying, is caused by
the presence of a tannin substance. The investigations
of Ultee and van Dorssen,! however, have demonstrated
that this bitter-tasting substance is not a tannin, for
it lacks the characteristic property of the tannin sub-
stances to precipitate albuminoids and alkaloids. These
investigators accept the following formula for this
bitter-tasting substance, which they call cacaool :
C,H,O0,.CH,N,.5H0. By oxidation the cacaool
changes into a coloured substance, which Ultee and
van Dorssen presume to be identical with the cocoa-
red.

Professor Harrison analysed the beans before and
after fermentation, but though his figures are interesting,
they do not contribute essentially to a better under-
standing of the processes of fermentation. The analysis
of the kernels, which are from a commercial point of
view much more important than the cuticles, gave the
following results :—*

1 Ultee and van Dorssen, “Over de zoogenaamde looistof der cacao”
(Cultuurgids, Part ii., 1909). ‘
2 Hart, Cacao (1911), pp. 194-195, 206-207.

[TABLE
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Guiana Forastero.
Loss.
Kennel ofithe fKerne] of the
e hibaar ermented and
: cured bean. l
A A N R T 1 3+7 329
Albuminoids . 2 : 48 36 1°2
Indeterminate  mitrogenous
matters . - . d 2 28 15
Theobromine . 6 : 0-8% 09 *
Caffeine . ) : : 0-2% 02 ¥
ot % i : : 306 306
Glucose - o 0-2 03
Sucrose Z] 0-9 nil 09
Starch : - 55 6-0 40 20
Astringent matters . . 49 2:0 - (329
Pectin : : : ! 14 05 |
Cocoa-red . ) 3 bl 1:5% 11577 | %
Digestible fibre . 3 5 2-8 34 |
Woody fibre § k s 35 36 P
Tartaric acid, free ' 00 0-2 l
Acetic acid, free . 4 o nil 04
Tartaric acid, combined o] 05 04
Mineral matter . 5 = | 244 178 ‘
Totalats. A% o 71000 587 |

These figures need explanation and, to a certain
extent, correction. As has already been explained,
neither cocoa-red nor theobromine occur as such in the
fresh seed, and the fact that they appear during analysis
must be due to the splitting up of the compound in
which they are present, whether this is cacaonine or
some other substance. In reality there has thus been a
loss of the compound mentioned (cacaonine ?) and a gain
of 0°9 theobromine, about 16 cocoa-red and probably 02
caffeine in each 100 parts of fresh seed. For this
reason the figures of these three substances have been
indicated with an asterisk (¥*).

The following facts which result from Professor
Harrison’s figures are worthy of note. A hundred parts,
by weight, of kernel of the fresh bean are reduced

D
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during curing to about 587 parts, while 413 parts are
lost. By far the greater portion of this loss is water
(829 parts); a small proportion goes in albuminoids
(12); 2 parts of starch are lost, out of 6 parts; and
29 parts of astringent matters (cacaool) disappear out
of 4'9. The rest (14 parts) is lost in other substances
(fibre, pectin, indeterminate nitrogenous matter, etc.).
The sugar of the kernel is doubtless lost mainly as
acetic acid (like the sugar of the pulp), and the starch
also, after conversion into sugar. The differences in
the mineral substances are of no great importance.

CHEMISTRY OF THE MARKETABLE BEAN

The relation between the weights of cuticle and
kernel in the marketable bean is about 1 to 5, the
weight of the cuticle being about 16 per cent of the
weight of the seed. But there is much variation, and
Zipperer' found the amount of cuticles of a few
different sorts to be as follows: Caracas 20 per cent,
Trinidad 14 per cent, Puerto Cabello 15 per cent,
Soconusco 19 per cent.

A short review may now be given of the chemical
constitution of the marketable bean, which has been
the subject of investigation by several analysts. Only
the main facts, however, and the analyses of the more

recent investigators, are of importance for the purposes

of this handbook.

The analysis of Forastero kernels made by Professor
Harrison has already been given (see p. 33). It is
convenient to repeat his figures here in the form of
percentages, and to compare them with a combination

of the figures found by Zipperer :—

1 Die Schokoladefabrikation, p. 74.

[TaBLE
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[ Guiana Different

1 Forastero Varieties

| (Harrison). (Zipperer).

! Per cent. Per cent.
Water . ; = . . . a5 | 63 70— 80
Fat > 3 . A ! A 1 521 50°0-54'0
Albuminoids . . 4 > . ¥ 61 12-0-21'0
Amylum ; . r : . | 6-8 6:0-11-0 |
Theobromine . : K| 17/ 0-3— 08
Astringent matter (cacaool ? and cocoa—red 6-3 10-0-14-0
Mineral matter . =il 1-8 30— 40
Other substances (prmc1pall) cellulose) ; l 189 2:0- 30

| 1000 1000

It is obvious that in some respects the figures of
Harrison and Zipperer are widely different. Zipperer,
for instance, found in seven sorts of different origin
never less than 12 per cent, and sometimes as much
as 21 per cent, of albuminoid substances, while
Harrison found only 6 per cent. Zipperer never
found more than 0'8 per cent of theobromine, and
sometimes as little as 0°3 per cent; Harrison found
as much as 1'7 per cent! In the same way the
differences in the amount of astringent matter, cocoa-
red and mineral matter are important. In reality
there is agreement only in regard to the amount of
fat and the amount of starch. The differences must
probably be attributed to the use of different methods
of analysis. The imperfection of many of these
methods has already been mentioned, especially those
for the determining of theobromine, caffeine, astringent
matters and cocoa-red.

Cocoa-fat or Cocoa-butter.—One half or even a
little more of the total weight of the marketable bean
consists of a fat, generally called cocoa-butter. This
substance has an important commercial value, and is
used in the chocolate industry as well as in the making
of perfumes, and for pharmaceutical purposes.

It is a yellowish-white, rather firm fat with an

! As regards theobromine, Zipperer's figures are doubtless too low, and
Harrison’s figure may be correct.
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agreeable taste and smell. Chemically it is a mixture
of glycerids of different fatty acids, and consists
principally of stearin, palmitin, laurin and also the
glycerid of arachin-acid.

The qualities of this substance vary according to
the manner in which it is obtained—i.e. whether by
extraction (by means of ether or other solvent fluids)
or by pressure. The specific gravity of the extracted
butter is about 095 to 0°99; of the pressed butter,
0°85. The melting-point of the latter, when kept for
some time, is 84" to 35° C.; the melting-point of the
former is slightly lower. The melting-point of
unadulterated cocoa-butter is never below 32° and
never above 35°.

The fat is contained not only in the kernels but
also in the cuticles, from which it is also obtained by
extraction and comes to the market as a second-quality
cocoa-butter.

Theobromine.—The methods formerly applied by
analysts for determining the amount of theobromine
were all more or less imperfect, and accordingly widely
varying figures were obtained. These methods were
critically reviewed by Dekker,' who invented a new
and reliable method. The complete unreliability of
the results obtained by the old methods may be seen
from the figures obtained by four analysts, the amount
of theobromine contained in one sample of cocoa: 071
per cent (method of Kunze), 0'81 per cent (method of
Zipperer), 200 per cent (method of Beckurts), 2:78
per cent (method of Bell). It turned out, however,
that the real quantity (by the Dekker method)
amounted to 169-173 per cent. By the methods
of Kunze and Zipperer part of the theobromine was
destroyed, and therefore the figures obtained were
too low; by the methods of Beckurts and Bell the
theobromine obtained was not pure, and accordingly the
figures obtained were too high.

! [fber einige Bestandteile des Cacao und thre Bestimming : Inaugural-
dissertation (Amsterdam : de Bussy, 1902).
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Opinions differ greatly as to the way in which
theobromine occurs in the fresh seed, and this point is
not yet wholly elucidated. It may be that it occurs
combined with glucose in the form of a glucosid (though
this is not probable), or that it is combined with the
bitter substance cacaool, as Ultee found was the case
with the closely related caffeine. At any rate, in the
fresh seed it is not present in a free condition, but is
set free during fermentation and drying.

The chemical formula is C,N,H,0, (CH,),.

Theobromine is responsible for the stimulating effect
of cocoa, as the caffeine is in coffee and the thein in tea.

It occurs not only in the kernels of the seeds but
in the cuticles, though only to a small amount, and
finally also in the leaves. The quantity found by
Dekker in the young leaves of Java cocoa amounted
to no less than 05 per cent, in the older leaves to 03
per cent, while full-grown leaves were almost free
from the alkaloid.

Caffeine, a substance closely related to theobromine
(formula : C;N,HO, (CH,)s), is of much less importance
in the cocoa plant. According to Zipperer, the quantity
present in marketable cocoa is about 005 to 036 per
cent; in Guiana cocoa (fermented and cured) Harrison
found in the kernels 006 to 0°41 per cent, in the
cuticles 0:24 to 0'54 per cent. The methods used and
the figures obtained need, however, to be revised.

Cacaool and cacaonine in the fresh seeds and cocoa-
red in the fermented and cured seed (better: in the
dead seed) have already been mentioned.

It may be added, finally, that Trojanowski put
forward a method of distinguishing the different kinds
of marketable cocoa by means of chemical reactions.
His determining table, which is to be found in various
handbooks,' is, however, quite unreliable.

L Jumelle, Le Cacaoyer, p. 57, ete.



CHAPTER IV
THE BOTANICAL CHARACTERISTICS OF THE COCOA PLANT

THE plant which produces the comimercial cocoa,
and which has received from Linnsus the name of
Theobroma cacao, L., belongs to the family of STErRCU-
LIACEAE.

This family of plants is recognised by the following
characteristics : the five sepals are not separate but
grown together at their base; also the stamina are
grown together at their base, to a short tube; the outer
circle stands opposite the petals and of this circle of
five stamina, each stamen is often doubled or tripled ;
the anthers are turned to the outside; the inner circle
of stamina stands opposite the sepals, these stamina,
however, being so-called staminodes, which means that
they do not bear anthers and do not produce pollen ;
the leaves are simple (not composed) and bear stipules
which soon fall off.

The family of STERcULIACEAE is closely related to
the family of MALVACEAE, to which belongs the common
mallow, which has the stamina grown together to a .
tube, and to the family of TiLiackak, te which belongs
the common linden tree. Besides the cocoa (Zheobroma
cacao) it contains several other species of T /zeoln oma,
and the kola tree (Cola acuminata).

The genus Theobroma is characterised by the peculiar
shape of the petals, which are concave or cup-shaped
at the base, narrowing to the top, and sometimes

enlarged at the end as a spoon or spatule (see Fig. 14).
38
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To this genus Theobroma belong, first, the two
species which produce the commercial cocoa, namely,
Theobroma cacao and Theobroma pentagona, which
is sometimes considered as a variety of the former;
then some twelve other more or less well-known
and well-described species, which do not produce a
marketable article and are not cultivated ; and, finally,
some four other species, which are very imperfectly
known. )

Schumann® has made a thorough study of the
systematic characteristics of these different species of
the genus Theobroma, and has composed a dichotomic
table, by which the fourteen more or less well-described
species can be determined. This table is given here,
slightly modified and reduced so as to be also intelligible
to the non-botanist :—

Leaves palmate; stamina with six anthers (sub-species Her-

ramia).
Margin of the leaflets dentate :
Flowers purplish-yellow . . T. Mariae, Gond.
Flowers carmine ; the hairy fruits
have ten prominent ridges . 7. pulcherrima, Gond.

Flowers white with purplish veins;
glabrous fruits with ten pro-

minent ridges : : . T. balaénsis, Preuss.
Flowers white ; hairy fruits with
ten prominent ridges . . T. albiflora, Gond.
Margin of the leaflets lobate . . T. lacinifolia, Gond.

Leaves not lobed nor divided, stamina with four anthers ; limbs
of the petals two or three times as long as the cup-shaped basal
part (sub-species Eutheobroma).

Limb of the petal spoon-shaped :

Fruit with ten sides or ridges . I. cacao, L.
Fruit with five sides and five
prominent ridges . : . T. pentagona, Bern.
Limb of the petal small, disk-shaped T. bicolor, Humb. et
Bonpl.

1 Schumann, Flora brasiliensis : Sterculiaceae. See also: Jumelle, Le
Cacaoyer, pp. 10-38 ; De Wildeman, Les Plantes tropicales de grande culture,
pp. 83-98.
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Leaves integer (not lobed nor divided), stamina with six
anthers (sub-species Bubroma).
Staminodes awl-shaped :
Foot-stalk of the leaves 1°5 to 6
em. long; leaves reaching a
length of 25 cm. and a breadth
of 10 em. ; fruit large . . T. speciosa, Spreng.
Foot-stalk of the leaves short, not
longer than 1 cm. ; leaves long,
10-17 cm., and broad 5 cm.
fruit small . : . I. microcarpa, Mart.
Staminodes petaloid :
Staminodes pointed
Staminodes abruptly pointed . T. grandiflora,
Schum.
Staminodes with a gradually
diminishing point, curled . 7. subincana, Mart.
Staminodes blunt
Fruit with fivesides, very warty,
irregularly lobate, leaves
wedge-shaped at the base . 1. angustifolia, D. C.
Fruit when ripe without marked
sides, smooth ; leaves round
or slightly heart- shaped at
the base . ] T. simiarum, Donn.-
Smith.

In addition the following four very imperfectly
known species may be mentioned : Theobroma glauca,
Karsten (which perhaps may be the same as 7. subincana
above mentioned), 1. sylvestris, Mart., T. Martii, K.
Schum., and 7. alba, Bern.

Tae Two CULTIVATED SPECIES

Theobroma cacao, L.

General appearance.—The cocoa tree never grows
very high. In three years it reaches, generally speaking,
a height of from 6 to 10 feet, and in ten or twelve
years, when full grown, a height of about 13 to 23 feet.
In the alluvial zone of Surinam, along the sea-coast, on
heavy clay soil, the trees seldom grow higher than 20
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feet, and even this height is rarely attained; in the
hilly inlands, on a lighter soil, where the water keeps
a lower level, they get a little bigger, and the largest
trees here reach a height of 26 feet. This height is
also attained in Java.

According to Hart' the average height in Trinidad
18 15 to 25 feet, but in some countries he observed
trees of 30 and even 40 feet in height. In Grenada,
Tobago and St. Vincent the trees seem to be smaller
than in Trinidad; in Grenada this may be partly due
to the absence of shade trees.

When normally developed, the full-grown tree makes
its main ramification at a height of about 3 to 5 feet.
The stem ramificates into three, four, or five main
branches (rarely into less than three or more than five),
which soon make side branches and form a foliar system
which, when it develops quite freely, may attain an
average diameter of 20 to 26 feet. The foliar system
1s very dense.

Sometimes one of the main branches—or the stem
just under the ramification—makes a ‘““sucker” or
“ watershoot,” which grows quickly and behaves like
a continuation of the main stem, ramificating again on
reaching a certain height, so that in this way the tree
may form two systems of branches above each other.

The two varieties Forastero and Criollo behave
differently as regards their method of ramification and
also in some other respects regarding the vegetative
parts. These differences are described in Chapter V.

Watershoots sometimes develop in large numbers
on vigorous specimens, especially at the foot of the
stem, but also along the stem and even on the branches.

The leaves, when just unfolded, have a pale rosy
hue and are soft and limp; soon their colour becomes
light green and they take on a leathery appearance,
the colour gradually growing darker. Trees which
produce red fruits have darker coloured leaves than
those with yellow fruits ; thus it can be told whether the

1 Hart, Cacao (1911), p. 1.



42 COCOA CHAP.

tree belongs to a red or a yellow variety, even when
there are no fruits on it.

The root.—The root-system develops in very different
ways according to the soil in which it grows. In a
loose soil, in which the level of the water never or
very seldom gets high, for instance on the slopes of
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‘\7
»
7 e
5:
6
\ 74
S EIE

Fi16. 4.-—Diagram showing the position
of the leaves on the stem of a
young cocoa plant.

A spiral has been drawn ascending the
stem and passing through the successive
scars which mark the position of the leaves
from 1 to 9. The dotted lines and scars
represent those on the other side of the
stem. It will be noticed that scars1 and 9
are vertically above each other.

F16. 5.—Diagram showing the position
of the leaves on the branches of
the cocoa plant.

It will be noticed that the scars 1, 3, 5,

ete., are vertically above each other, as also
the scars 2, 4, 6, etc.

the mountains, a long tap-root is formed and the side-
roots penetrate deep into the soil. In a stiff clay
soil, however, in which the level of the water is high
during a part of the year—as for instance in most of



w  BOTANICAL CHARACTERISTICS 43

the Surinam cocoa plantations—no tap-root can be
detected on trees of a certain age, and the side-roots
are all developed near the surface.

The branches and leaves.—The young plant makes
a little stem, which grows straight upwards till it has
attained a height of about 3 or 5 feet. The leaves on
the stem are arranged according to the formula £.

Fic. 6.—A cocoa twig with four shoots.

This means that if one looks at two leaves (called
and b) which are found vertically above each other,
and traces a spiral along the stem from leaf @ to the
following leaf and so on till leaf b, this spiral runs
three times all round the stem and passes 9 leaves
(inclusive of o and b), so that if leaf « is No. 1,
leaf b is No. 9. The illustration will make this clear
(Fig. 4).

The main branches and their side branches have

!
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another arrangement of the leaves, namely, according to
the formula 4. This means that each leaf is always
situated on the other side of the branch from that on
which are found the previous leaf and the next one, the
leaves being thus placed on the branches in two rows,
standing alternately on the left and on the right side
(Figs. 5, 6). Moreover, the leaves on the branches
are always placed more or less in a horizontal
plane. g

The arrangement of the leaves on the watershoot is
the same as on the stem, namely 2 (Fig. 4).

Like most tropical trees, the cocoa puts forth new

Fi1c. 7.—A cocoa leaf.

a, Articulation.

shoots several times in the course of the year, but the
new shoots are not always formed on all the twigs or on
the same twigs, and generally speaking a twig has on
an average only two shoots every year. Each shoot
ends its growth by the formation of a terminal bud,
which is enclosed in its scales. When this bud again
develops into a new shoot, the scales fall off and leave
at the base of the young shoot a number of closely
standing scars, which form together the so-called
“ring-scar,” the boundary between the two shoots.

In full - grown trees of normal growth generally
the third-eldest shoots drop their leaves (Fig. 6), but
on young trees the leaves remain longer.

A peculiarity of the cocoa leaf is the presence of
two articulations at the base and at the top of the leaf-
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stalk (Fig. 7). These articulations enable the leaves
to make movements in different directions, in order
that their upper sides may always be turned towards
the side from where the strongest light comes. A
simple experiment shows this clearly. If a cocoa
plant is placed in a box closed on all sides except one,
which is facing the light, after six to twelve hours all

Fic. 8.—Flowers on the stem of a cocoa tree.

The flowers all arise from the same ‘‘ cushion.”

the leaves will have turned with their upper sides
facing the light. This influence exerted by the rays
of light is called heliotropism.

A further characteristic of the just unfolded leaf
is the presence of two small leaflets near the base of
the leaf-stalk. These leaflets, called stipules, fall off
very soon, generally even before the leaf is full-
grown. It is questionable if these stipules are of
any use to the plant; it may be, however, that
they protect the bud against the rays of the sun or
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against droughts or other noxious influences when the

shoot is young.' .
The flower.—In most handbooks hardly anything

is said about the flowers of the cocoa plant, save that

F16. 9.—Flowers and fruits on the main branches of a cocoa tree.

the cocoa tree is *cauliflorous.” This means nothing
more than that the flowers develop on the stem (Fig. 8)
1 Readers who wish to know more about stipules may be referred to Lord

Avebury’s interesting little book, On Buds and Stipules. It mainly deals, how-
ever, with trees of the temperate zone.
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and the older parts of the branches (Fig. 9), the young
twigs bearing no blossoms. This fact, however, is
neither peculiar nor essential, for closely related species
differ from the cocoa plant in this respect. Take the
case of Theobroma bicolor, which grows in Central
America; this species has mno importance from an
industrial point of view, but the way in which it forms
its blossoms helps us to understand the flowering of the

F16. 10.—Young twig of Theobroma bicolor, showing the arrangement of the
blossoms in the axils of the young leaves.

cocoa plant. Like the ordinary cocoa plant, Theobroma
bicolor puts forth new shoots several times each
year, but these shoots bear the flowers in the axils of
the young leaves (Fig. 10). The flowers themselves
are arranged in clusters which show a central (or
primary) axis which bifurcates into two lateral shoots
(secondary axis) of nearly equal strength, which
generally bifurcate again, and so on. This sort of
flower cluster is called in botany a dichasium (Fig. 11).

In the ordinary cocoa plant (Zheobroma cacao), the
flowers are formed in the same way, but the appearance
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and the arrangement of the clusters is not so clear, and
this for two reasons :—

(1) In the ordinary cocoa plant, the flower-cluster is not so
clearly a dichasium. The axes, the primary as well as the secondary,
tertiary, etc., are generally so short that the whole is no longer
to be recognised as a dichasium, and the flowers appear to arise
irregularly from a common axis, or from the same spot on the
branch or stem, close together but not even on a common axis.
Fig. 12 illustrates this. In A the dichasium is clearly recognisable,

F1c. 11.—Flower-cluster (dichasium)
of Theobroma bicolor.

but such a distinet dichasium is rare in cocoa; in B the axis is
much reduced and the dichasium is no longer clearly distinguish-
able, though it can still be seen that the blossoms arise from a
common axis; in C this axis has wholly disappeared and the
flowers seem to arise separately.!

(2) In the ordinary cocoa plant the blossoms are formed just
a8 in T. bicolor—i.e. in the axils of the leaves—but generally they
do not develop until the leaf has fallen off. They are also formed
in the axils of the bud-scales (on the *ring-scars,” Fig. 6).

It may be said, then, that on the cocoa plant the
flowers appear in reduced dichasia from buds, developed
! Flower-clusters which are infected by the ‘‘witch-broom” fungus

(Colletotrichum luwificum) sometimes produce very nice dichasia, resembling
those of Theobroma bicolor. L
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in the axils of the leaves, and generally only develop
into blossoms after the dropping of the leaf—u.e. on the
leafless parts of branches and stem.

As we shall see when we come to discuss the develop-
ment of the fruit, the basal part of the central axis
of the dichasium, and sometimes also the basal part of
the secondary axis, remains on the tree after the fruit
drops off, and from this remaining part young dichasia
with flowers will arise again next year. So what we
called a dichasium turns out to be a perennial organ.

!

Fi¢. 12.—Ditferent forms of flower-clusters (enlarged 13}).

In A the dichasial ramification is very apparent ; in B the axis is much reduced ; in C the
axis has wholly disappeared.

From this point of view it is better to regard it not as
a flower-cluster, but as a twig which bears flowers.

It must not be forgotten that the leaf-bearing twigs
also develop from buds situated in the axils of the
leaves; and it is an interesting question, though one
of purely theoretical importance, whether or not these
buds have the same origin as those which develop into
flower-clusters — in other words, whether twigs and
flower-clusters develop from different buds, both
situated in the axils of the leaves, or whether the same
bud can develop into a twig or into a blossom-dichasium
according to circumstances.

To the present author it seems that the latter

E
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supposition is the correct one, and it may not be out
of place to give one instance which supports this view.
We sometimes find on the branches of cocoa plants
very small twigs, only a few millimetres long, which
bear flowers. These twigs no longer look like dichasia,
because they are woody, and in addition they bear
small scales, arranged according to the formula %, in
the axils of which the flowers appear (Fig. 13, A). By

F1e. 18.—Very small twigs such as sometimes appear on the branches and stem
(enlarged 1%).

They bear scales arranged in the same way as the leaves on the normal twigs (see Figs. 5

and 6), and one flower or one flower-bud in the axil of each scale. In the twig in B one of the
scales is replaced by a leaf.

this arrangement of the buds, those small twigs resemble
leaf-bearing twigs ; and this is still more the case when
such a twig bears not only flowers, but also leaves,
though the latter are always small. An instance of
such a case is given in Fig. 13, B. Thus these twigs
form apparently a link between the true leaf-bearing
twig and a true blossom-bearing twig (called also flower-
cluster or dichasium).

In trees of five years old or more the third-eldest
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shoots generally drop their leaves, but sometimes they
keep them till they become the fourth-eldest shoots.
Sometimes, also, the blossoms appear on the third-eldest
shoots, but more generally on the older parts of the
branches and on the stem (Fig. 6).

Healthy, vigorous trees generally begin to bear
blossoms when three years old, but no or only a few
fruits are formed at this early age. On full-grown
trees (ten years and older) the number of blossoms
produced is very great, but only  to 3 per cent—or
one out of every 200 to 400—develop into fruits.

Structure of the flower.—The flower of the cocoa
plant has five sepals, white or rosy-coloured (s in
Fig. 14), and five petals (p in Fig. 14). The petals
are of a very peculiar form, and consist of a basal, cup-
shaped part, to which is attached a ribbon-shaped part
which is spatulate at its end; the basal part is white
or rosy, with two dark-carmine ridges running longi-
tudinally on the inside, while the ribbon-shaped part
is yellowish.

The stamina (sta in Fig. 14 and Fig. 15, A) are
five in number, and are ranged alternately with five
staminodes—u.e. stamina which do not produce pollen
(sto in Fig. 14 and Fig. 15, A). The five stamina and
the five staminodes are united at their base so as to
form a tube. The staminodes are dark-carmine coloured,
elongated, awl-shaped, and protrude above the petals
like five little tongues; the five stamina are whitish,
much shorter than the staminodes and curled, so as
to hide the anthers in the cup-shaped part of the petals
(Fig. 14).

‘Each stamen (Fig. 15, B) bears four anthers, a rather
rare occurrence among flowers ; the explanation is that
each stamen consisted originally of two, which now
grow together. It may be recalled here that of the
other species of Theobroma, T. bicolor and T. penta-
gona also have stamina with four anthers, while in the
case of all the rest each stamen is a concrescence of
three and bears six anthers.
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The ovary of the cocoa flower is a ‘superior ” one,
and bears one pistil (p¢ in Figs. 14, 15, A, and 15, C),
with five indistinct stigmas (stz in Fig. 15, C). These
are always more or less grown together; sometimes

F16. 14.—A, Flower of the cocoa plant (enlarged 6} times).

s, sepals.
p, petals.
sta, stamina.

sto, staminodes.
pi, pistil.

B, Foot of the flower-stalk, bearing small scales (enlarged 123 times).

they remain all together and form only one blunt
column, sometimes a few of them grow free from the

others.

Shortly after the flower has opened, the anthers
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open, and after half a day the stigmas, if these open
at all.

Pollination.—For a long time nothing was known
of the pollination of the cocoa flower, and the question
as to how the flowers were pollinated was a very
puzzling one. Wright' says that Dr. Uzel carried out
a few experiments on the subject in Ceylon. In the

~~-st¢

Fi1a. 15.—Parts of the cocoa flower.
A, The flower after removing the sepals and the petals, showing the stamina (sta),-the
staminodes (sto), and the pistil (pi). Enlarged 8 times.

B, One stamen with the four anthers (a). Enlarged 16 times.
C, The ovary (o), with the pistil (pi) and the stigmata (sti). Enlarged 16 times.

flowers examined, large numbers of thrips were found,
and Dr. Uzel was of opinion that flowers were pollinated
by these insects. By another author, Green (also
mentioned by Wright), the common aphis is regarded
as playing a réle in the pollination. By others the
different species of ants which live on the cocoa plant
have been claimed to be the chief agents.

There are, however, facts which indicate that none

! Wright, Cocoa, p. 24.
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of these insects play a roéle of any importance in the
pollination.

First, though the insects mentioned often occur on
cocoa, they are not invariably found on it. Thrips is
always, at least in the West Indies, a very noxious
insect, which happily does not occur on all cocoa trees ;
and the same may be said of the aphides, though they
do not cause as much damage as the thrips. There is,
however, another reason making it improbable that
they cause pollination. Cocoa is a plant showing strong
intercrossing. It is well known, for instance, that
varieties imported into Botanical Gardens produce seeds
which give rise to plants often showing unmistakable
characteristics of other varieties next to which they
have been planted ; while inferior varieties of Forastero,
planted between Criollo trees, give a progeny which
clearly shows Criollo characteristics.

A study of the different types of Forastero also leads
to the conviction that many of them are hybrids. The
great number of types of Forastero, which contain the
different characteristics in all kinds of combinations,
cannot be understood without accepting a strong
inter-crossing between the different original Forastero
varieties. This subject is more elaborately treated in
Chapter V.

This strong intercrossing indicates that the pollen
can be transported from one tree to another. The
transport might be effected in two ways, either by wind,
or by flying insects such as butterflies, wasps, bees,
flies—but not by thrips, aphides, or ants, none of which
fly at all, and of which thrips and aphis can only
move very slowly.!

The question whether pollination takes place by
wind or by flying insects seemed at first difficult to
answer, because the flower of the cocoa does not appear
to be adapted to wind-pollinisation, and flying insects

! Wemay leave out of consideration the flying sexual individua of ants and

aphides, because they only appear at certain times and are not common
visitors of cocoa flowers.
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were never found. Accordingly, the whole question for
long remained a puzzle. Happily, however, a thorough
investigation has lately been carried out by Dr. von
Faber at Buitenzorg (Java), and this investigation
solved the question.

Dr. von Faber has kindly given the present writer a
short summary of his results, with permission to in-
corporate it here. He writes as follows :—

F16. 16.—The development of the fruit and the fruit-cushion.

A, The cluster of blossoms, each flower with its flower-stalk attached to a basal part (b.p),
while the flower-stalks are attached to a common axis (v.p’).

B, Two young fruits. The basal parts of the fruit-stalks (b.p) develop into new fruit-
cushions. The two fruit-stalks are immplanted on the old fruit-cushion (B.P.).

““Though the structure of the flower seems to eliminate the
possibility of self-pollination, this is really not so. The long and
supple flower-stalk facilitates the swinging to and fro of the hang-
ing flower by the wind. Experiments proved that by this
movement pollen easily falls from the anthers on the pistil of the
same flower, and it could be demonstrated that isolated flowers
were easily self-pollinated in this way. Self-pollination may
therefore be regarded to be the rule in the cocoa-flower. When,
however, neighbouring trees stand close to each other, it is also
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possible that the pollen falls from the hanging blossoms and settles
on the pistil of flowers of the neighbouring tree. In this way
cross-fertilisation is possible when the trees stand in close prox-
imity, as is the case in all plantations.”

The fruit and the fruit-cushion.—After pollination

F16. 17.—The fruit-cushion.”

A, Ripe fruit with the basal part of the fruit-stalk developing into the new fruit-cushion.
B, The same fruit-cushion, after the fruit has been picked, bearing new blossoms.

the ovary develops into the fruit, while the flower-stalk
becomes woody. :

It has already been pointed out that the flowers are
arranged in clusters—either a number of them are
attached on a common axis (Figs. 12, A and 16, A), or the
common axis may be much reduced (Figs.12, Band 12, C).



v BOTANICAL CHARACTERISTICS 57

However this may be, the stalk of each flower is always
composed of two parts, a basal part and the true stalk.
This is especially clearly to be seen in Figs. 14 and 16, A.

While the fruit is growing, the fruit-stalk becomes
woody, while the scales on the basal part, which are to
be compared with the leaves of an ordinary twig, fall
off, leaving only scars as superposed lines or stripes
(Figs. 16, B and 17, A).

When the fruit has been picked, the basal part
remains wholly or partly on the tree and forms a
cushion, from which flowers will arise again at the next
blossoming (Fig. 17, B). The basal part is therefore
really a perennial organ—a branch bearing no leaves,
but scales, and terminally one flower. From the axils
of the scales new blossoms appear again.

This description is not affected by the fact that the
blossoms are generally arranged in clusters or dichasia.
In these cases the fruit-cushion is not formed by the
growth of one basal part, but simply by a combination
of basal parts (Fig. 16, A).

Theobroma pentagona, Bern.

This species is indigenous to Central America and is
only cultivated in Mexico, Guatemala and Nicaragua.
On account of the irregular warty structures on the
fruit, which resemble the scales of an alligator, this
cocoa is called in those countries ‘cacao lagarto,” or
“ alligator cocoa ” (Fig. 18).

The fruits differ from those of the ordinary cocoa,
not only by these warty excrescences but also by five
prominent longitudinal ridges. In other respects it 1s
very much like the ordinary cocoa, more especially the
Criollo variety.

The tree is generally described as being not higher
than some 4 metres (12 feet) with small flowers and
small leaves. Preuss, however, states that he saw very
strong and vigorous trees in Guatemala ; and the young
trees in the Botanical Gardens in Surinam, as well as
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the older ones at the St. Clair Experiment Station in
Trinidad, did not give the present writer the impression
of a weaker growth than the ordinary cocoa. It is
probable, however, that this species is more particular
about soil than the ordinary 7. cacao.

F16. 18.—Theobroma pentagona.

Reproduced from Fauchére, Culture pratique du cacaoyer.

The fruits have a thin bark and are yellow or red
when mature ; the seeds are white or violet.

This variety of cocoa is not very productive ; Preuss
reports that the average yield per tree is 1 kilo-
gram (1 1b.).
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THE NON-CULTIVATED SPECIES
Theobroma bicolor* (Figs. 10, 11,19 and 20).—Until

Fi1a. 19.—Theobroma bicolor.

Young tree three years old, bearing two fruits (Botanical Garden, Paramaribo).

quite recently Theobroma bicolor was regarded as a species
1 Preuss, Eapedition, pp. 250, 256 ; Hart, Cacao (1911), p. 12.
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which produced commercial cocoa, and it is mentioned in
several handbooks as being cultivated in Colombia and
Mexico. This, however, is an error. The seeds have
no commercial value, as they contain only a very small
quantity of theobromine, viz. 0°1395 per cent (accord-
ing to an analysis by Mannich'), while the seeds of
commercial cocoa contain from 1 to 2 per cent. Hart?
and Preuss,’ having observed the species in Central
America, reported that it has no commercial value
and is not cultivated. However, on account of the
sweetish and agreeable taste of the seeds, which resemble
nuts or almonds, the tree is appreciated by the in-
habitants of the countries where it grows wild. In
Ecuador the wild-growing “cacao blanco,” as it is
called, is always saved when the forest is cleared, and
so the plantations contain a good number of trees of
this sort. The same is the case in Mexico, Guatemala
and Nicaragua.

T. bicolor is spread over whole Central America
from Ecuador to Mexico. In Mexico, Guatemala and
Nicaragua it is known under the name * pataste,”
‘“ pataschte” or “ patastle”; in Ecuador it is called
‘“cacao blanco”; in Colombia, “bacao,” according to
Preuss; while Hart reports that he found it indigenous
in the province of Veragua, where it is known as
‘“tigre cacao,” on account of the rank smell of the
seeds.

T. bicolor is characterised by its hanging branches
(Fig. 19) and large leaves, greyish-coloured on the
back; in the axils appear the small clusters of little
reddish flowers (Figs. 10, 11).

In Ecuador the tree attains a considerable size and
grows as high as 39 feet.

The large oval-shaped fruits (Fig. 20) have a very
thick and hard fruit-wall. They have five prominent
ridges, between which are five less prominent ones.

! Preuss, Expedition, p. 258.
2 Hart, Cacao (1911), p. 18 ; Hart, Bulletin No. 66 (1907), p. 289.
3 Preuss, Expedition, p. 258.
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From these ten main ridges a number of other small
ones arise, irregularly arranged, and cover the surface
of the fruit. The fruit remains green until it is fully

Fic. 20.—Theobroma bicolor.

Branch with fruit, and fruit alone.

ripe, when the colour becomes slightly yellowish or
brownish. The pulp is much developed and takes up
a great part of the interior of the fruit; it is not so
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fluid and soft as the pulp of the ordinary cocoa, but
more solid and sometimes a little fibrous.

Hart brought the tree to Trinidad and planted it in
the Botanical Gardens, where it has grown to be a
much larger tree than 7. cacao. It was planted out
in 1893, and gave fruit for the first time in 1905. The
fact that it stands drought better than 7' cacao has
led Hart to suggest that it could perhaps be used as
a grafting or budding stock for other weak-growing
varieties.

Theobroma simiarum, Donn.-Smith.—This species
has only been found in Costa Rica where it is called
by the inhabitants “ cacao de mico.’

Theobroma Mariae, Gond.—This species grows in
the forests of the Upper Amazon and most probably
also in the basin of the River Pari. The seeds have
been found occasionally as an adulteration of Pard
cocoa ; they are called “ cacaito” or cacaoti,” and are
easily to be distinguished, macroscopically as well as
microscopically, from the real cocoa.!

Theobroma pulcherrima, Gond.—This species has
been found by Gondot in Colombia near the Upper
Orinoco, in the country situated between the Meta
River and the Guayabeira. There it is known by
the Indians under the name ‘‘cacao cahonai,” and by
the Colombians as ‘cacao quadrado” or ‘“cacoito de
monte.” So far as is known, the seeds are not used
for any purpose.

Theobroma speciosa, Spreng.—This species occurs
in the province of Pard (Brazil) and has lately been
found in Surinam. Like its varieties quinguenervum
(Bern.) K. Schum. of the Rio Negro (Brazil) and French
Guiana (Cayenne), and Spruceana (Bern.) K. Schum.
which has been collected in Pard, Theobroma speciosa
has no practical value. In Surinam the Indians like
to suck the seeds, which are surrounded by a sweetish

pulp.
In Surinam this species has been found to be very

1 De Wildeman, Les Plantes tropicales, p. 86.
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liable to the disease of hypertrophied twigs, generally
called “ witch-broom,” and in this regard its presence
in the forest may be considered as dangerous. Most
probably it is also attacked by this disease in the
forests of Pard.

Theobroma microcarpa, Mart.—This species, which
occurs on the Upper Amazon, is distinguished from all
other species of Theobroma by its very small fruits. It
has no practical value.

Theobroma grandiflora (Wild.), K. Schum.—This
is a large tree with rather large flowers, which has been
found on the Upper Amazon and in the province of Par4
(Brazil), where it seems to be known under the name
““ cupuassie.” So far as is known the seeds are not
used in any way.

Theobroma subincana, Mart.—This species has been
collected in Brazil (Rio Negro), Peru, Guiana (?) and
Mexico. It is little known, and does not seem to have
any practical value.

Theobroma angustifolia, Sess. et Moc. (D. C.).—
This species, like 7. bicolor, was for many years re-
carded as producing a cocoa of high quality, and was
said to contribute to the famous * Soconusco cacao”
(Mexico) and the not less renowned ¢ Esmeraldas
cacao” (Ecuador). It has, however, no commercial
value.

Theobroma balaénsis, Preuss.—Preuss® found this
species on a cocoa plantation near Balao in Ecuador.
The sugary pulp which surrounds the seeds has an
agreeable sour-sweet taste and is therefore appreciated
by the inhabitants, who call this tree “cacao del
monte.”  Otherwise this species has no practical
value.

Theobroma albiflora, Gond.—According to Gondot,
who collected this species near Mazo (Colombia), the
seeds are mixed with those of the commercial cocoa
for home use; they are said to improve the taste of
the chocolate. The seeds are also used, unmixed, for

1 Preuss, Expedition, pp. 80, 253.
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the preparation of a very bitter product, which is used
by the population as a febrifuge.

Theobroma lacinifolia, Gond.—This species is very
imperfectly known; it was collected by Gondot in
Colombia, in the valley of the Magdalena River.



CHAPTER V

VARIETIES OF COCOA

It has been seen that the cocoa trees of the whole
cocoa-growing world show little variation as regards
their habits and the characteristics of the vegetative
parts (stem, branches, leaves) and blossoms. In these
parts we find, indeed, only slight differences between
the various types of cocoa. In the fruits and seeds, how-
ever, great variations are at once evident. As soon as
we compare the types grown in different countries, im-
portant distinctions are discovered. Along the coast of
Western Venezuela, for instance, we find a variety with
a very warty and irregular fruit-wall, which is soft and
easy to cut; the beans are round and plump, white in
colour, and only slightly bitter in taste; and the result-
ing product is very fine. In Madagascar, Nicaragua,
and a few other countries, we find very similar varieties.
These are all Criollo varieties (Fig. 21). Quite another
type, again, is grown in San Thomé. The fruit-wall is
hard and smooth in surface; the beans are flat, deep
violet in colour, and very bitter in taste; and the result-
ing product is only of medium quality. In Surinam,
Ecuador, Brazil, Eastern Venezuela (the Orinoco district),
and many other countries, we find similar varieties,
which are all called Forastero. There is still another
group of varieties which possesses characteristics both
of the Criollo (for instance, large white beans), and
of the Forastero (for instance, a smooth or a very

hard fruit-wall). These intermediate forms, which
65 F
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are very numerous, are also included in the Forastero
group. ,

Thus the Forastero group contains many types,
some of which have, in a greater or smaller degree,
Criollo characteristics, and the first impression is that
the Forastero are a mixture of innumerable types
which exhibit the different characteristics in every
imaginable combination. We find, for instance, types
with fruits which are slender, not constricted near
the stalk, with deep furrows of the fruit-wall and large
light- coloured seeds ; others with short fruits, constricted
near the stalk, with shallow furrows, and ‘small dark-
coloured seeds; others again which show another com-
bination of characteristics—e.g. slender-shaped fruits,
constricted near the base, with deep furrows and small,
dark-coloured seeds.

In order to make a logical and natural system of
all these types of Forastero, we ought first to ascertain
which are the original types and then which are the
descendants of each. If the various original types
could still be found—for instance, as wild trees in the
forests of different countries—this would be a great
help, but unfortunately this is no longer possible.
Attention has already been directed (Chap. II.) to the
insuperable difficulty of proving, when cocoa is found
growing wild, whether the growth is really spontaneous
or not. The variety found by Aublet in the forests
of French Guiana,' the variety found by Hart in the
forests of Trinidad,” and many others found in a wild
state, are therefore without any value for the classifica-
tion of the varieties, and cannot be regarded as primitive
varieties, ancestors of the cultivated ones.

Accordmgly, the only thing to be done is to group
and classify the cultivated types as well as possible, in
order to obtain at least a clear survey, and to build up a
more or less artificial system of cocoa in the same way

1 This cocoa was called by Aublet Cacao guyanensis, and later Theobroma
guyanensis, bat it is nothing else but the ordinary cocoa (Zheobroma cacao).

2 Hart, Cacao (2nd edltlon, 1900), p. 52; Hart, dnnual Report, 1906-7,
p- 19.
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as many years ago Linnseus did for all the species of
plants. - This has been done by using as criteria the
shape of the fruit and its surface. The Forastero
types, with rather large fruits, with a constriction near
the stalk and a warty surface, were distingnished
as ‘““Cundeamor” (Fig. 26); the same without con-
striction, as ‘““Liso” or ‘“Angoleta” or ¢ Ordinary
Forastero” (Fig. 25); “Amelonado” is the name for
many types with rather short fruits with or without a
constriction near the stalk, and a comparatively smooth
surface (Fig.-27); ¢ Calabacillo” is the name for types
with short, almost ball-shaped fruits without any con-
striction, and with a very smooth surface (Fig. 28).
These varieties are, however, not sharply defined, but
form a continuous series.

This classification, first given by Morris,' has been
accepted in its main points by all the later authorities
as being both logical and practical, though he did not
enter into many details as to the different varieties :—

1. Cacao Criollo.

9. Cacao Forastero.

. Cundeamor verugosa amarillo.
. Cundeamor verugosa colorado.
Liso amarillo.

. Liso colorado.

Amelonado amarillo.
Amelonado colorado.

. Calabacillo amarillo.

. Calabacillo colorado.

S ThD RS &8

The division of each variety into a yellow and a red
sub-variety (indicated as ‘“amarillo” and “colorado”
respectively) may be omitted. It is true that in each
variety red as well as yellow forms occur, but this char-
acteristic of colour is so unimportant that it may be
neglected in a general classification.

Hart proposed a slight modification of Morris's
system, viz. the separation of the Calabacillo as a group
apart from the Forastero. As we shall see later, this

1 Cucao, how to grow and how to cure it, Jamaica, 1882, p. 12.
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modification is unnecessary and not even practical, for
the sub-varieties of Forastero and Calabacillo-form a
continuous series, running from the highest (Angoleta)
to the lowest (Calabacillo). Moreover, Hart caused
much confusion by his use of the term ¢ Criollo,” and
what he calls “Trinidad Criollo” has no right to the
name.

Hart’s system ' was as follows, omitting the division
of each variety into two sub-varieties, ““ amarillo” and
“colorado ” :—

Class I Criollo, or fine thin-skinned.
Class II. Forastero, or thick-skinned.
1. Var. Cundeamor verugosa.
2. Var. Ordinary.
3. Var. Amelonado.
Class III. Calabacillo, or small-podded, thick, smooth-skinned,
flat-beaned.

However different the sub-varieties may be, Forastero
is always distinguishable from Criollo by the consistency
of the fruit-wall, which is hard and firm and difficult to
cut. The furrows of the fruit-wall are never so deep
as in Criollo, nor are the ridges so prominent and
warty. The beans are generally more or less flat.
They are coloured light purple to dark violet, some-
times white, and need a rather long fermentation. In
the finer sub - varieties, such as the Cundeamor and
Angoleta, the fermentation takes some three to five
days ; in the coarser varieties, such as the Calabacillo and
many Amelonado types, eight days or even more. The
quality of the product is never so fine as that of the
Criollo, though in some countries fine varieties of
Forastero yield a very fair cocoa.

The Forastero varieties are strong growers, with
fewer requirements than the Criollo. Therefore Fora-
stero varieties are successfully grown in countries where
Criollo cannot thrive. They also give their first
crop earlier; on fertile soils the first fruits may be

1 Hart, Cacao (1911), pp. 2-3.
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expected in the third year, and a crop of some import-
ance may be gathered in the fifth year, while full
production may be reached in the eighth to tenth year.
The full-grown Forastero tree gives a larger yield than
the Criollo.

The original home of the Forastero is unknown.
From the fact that the various types of Forastero are
better known and distinguished in Venezuela than in any
other country, one would be inclined to conclude that
Venezuela, more especially the eastern part, the basin
of the Orinoco, was the home of the Forastero. This
is not improbable from other considerations. In
Venezuela it is not called Forastero, but ¢ Trinitario”
(or “Carupano”). This name, “ Trinitario,” must not
lead, however, to the assumption that the Forastero came
originally from the island of Trinité or Trinidad, for
historical facts show conclusively that Trinidad imported
the Forastero from Venezuela; as we shall see in
Chapter IX., this variety was imported from Venezuela
to replace the Criollo, which was devastated by a
disease.

I. Criorro

Before discussing the characteristics of these varieties
and the modifications which have been made in Hart’s
definitions of the main varieties, a few words may be
said about the word ¢ Criollo,” for different authors use
this word in different senses, with the result that much
misunderstanding has arisen.

“Criollo ” is a Spanish word which means ‘ Creole.”
Hart is quite right in saying that the true interpreta-
tion of the word ““ Creole ” is * one born in a country or
one belonging to a country.” For instance, a child born
either of white or coloured parents in Trinidad is a
“Trinidad Creole ” ; if born in Venezuela, it is a < Vene-
zuelan Creole,” no matter whether it is white or
coloured. In fact, “Creole” should be translated by
“native” and not by “ wild ” or * coloured.” !

1 Hart, Cacao (2nd edition, 1900), p. 54.
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“Cacao Criollo,” or simply * Criollo,” means, there-
fore, ‘“ native or indigenous cacao,” and in this sense 1t
was used in Western Venezuela, where the term arose,
to indicate the variety which was originally cultivated
there — in contradistinction to “ Forastero,” which
meant the * foreigner,” or imported variety. ¢ Criollo”
means, therefore, “ Venezuelan Creole cocoa.”

As regards the way in which the word “ Criollo”
must now be used, Preuss is very clear and his definition
is correct : ““ The word ¢ Criollo cacao’ has no other sig-
nification than that of a cacao, cultivated since the
memory of man,' the origin of which is not known; a
cacao, which has been found there in its present state,
but which has—and this is the main point—most dis-
tinct characteristics of habit, fruit, size of the leaves,
and especially of taste, form and appearance of the
seeds.” 3 7o

The last part of this sentence is indeed the main
point, for, if every separate cocoa-growing country
called the old, primitive variety ‘ Criollo,” and the
foreign imported variety ¢ Forastero,” the confusion
would be unending ; for a variety called ¢ Criollo” in one
country would be called “ Forastero” in another, being
in the one the primitive variety and in the other the
imported one. It is therefore agreed in our system of
classification to call ¢ Criollo” only the group to which
belongs the Venezuelan Creole cocoa or Venezuela
Criollo.

It is to the credit of Preuss that he established clearly
the characteristics which distinguish the Criollo from the
Forastero. Merit must also be credited to the work of
Zehntner,® and Lock * has contributed to the knowledge
of the varieties cultivated in the Botanical Gardens at
Peradeniya. '

1 To be added : *“in Western Venezuela.”

2 Expedition, p. 199.

3 Zehntner, ‘Mededeelingen betreffende op Java aangekweekte cacao-
variéteiten” (Proefstation te Salatiga, Bulletin No. 9, 1905).

* Lock, ¢‘On the Varieties of Cacao existing in the Royal Botanic Gardens
and Experiment Station at Peradeniya” (Circulars and Agr. Journal of the
Royal Botanic Gardens, Peradeniya, vol. ii. No. 24, October 1904).
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Venezuela Criollo may, then, be considered as the
typical Criollo. As Preuss says: ‘ Venezuela is the
classical home of the Criollo. From there alone does it
come into the market under this name. Kvery Vene-
zuelan planter knows how to distinguish ¢ Criollo’ from
‘ Trinitario’ or ‘ Carupano’” (* Trinitario” and “ Caru-
pano” are the Venezuelan names for ¢ Forastero ).

The main characteristics of the Criollo (Figs. 21,
22) are (1) the shape of the seeds, which are plump

.CHC
29)

Jer

Fia. 21.—Typical Criollo fruits (Java), slightly larger than the average.

and not flat but round ; (2) the consistency of the fruit-
wall, which is always comparatively soft and easy to
cut; and (3) the surface of the fruit-wall, which has
ten distinct furrows, five of which are deeper than the
other five between them (Fig. 22), while the prominent
ridges running between the furrows are very warty
and irregular. The size and shape of the fruit vary a
little, and are slightly different in the different local
types of Criollo, but the fruit is always broad at the
stalk-end, and never constricted, and tapers generally
—not always—to a more or less sharp point.
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The colour of the beans is paler than in Forastero,
and runs from white to pale violet. The taste is rather
sweet, at any rate only slightly bitter, and the beans
need only a short time for fermentation, while the
quality of the product is always very fine and the
market price high.

As regards the habits of the tree, the Criollo often
shows a rather weak growth, at any rate in comparison
with the strong, vigorous growth of the Forastero

CH
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F1e. 22.—Java Criollo.

varieties ; and accordingly the leaves are rather small
and not very numerous, making the foliage system
rather thin. Preuss considers it a typical characteristic
of this variety to bifurcate at a low height and to have
only a few, generally two or. three, main branches.
These differences, however, are apparent only when
Criollo is grown under conditions which are not in
every sense quite favourable. There is no doubt that
Criollo is more particular about soil and climate than
Forastero, and when the soil is not of best quality, or
the conditions are in other respects not first-rate, Criollo
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does not thrive and its growth is weaker than that of
Forastero. Under really favourable conditions, Criollo
grows in vigorous trees, with a big stem and a dense
foliage system.

In some countries there are found a few local types of
the true Criollo, each with its own characteristics. These
are the Venezuela, the Nicaragua (Fig. 23), the Java
(Figs. 21, 22), the Ceylon, the Samoa, and the Mada-
gascar Criollo. In addition, one sub-variety of the
Criollo is known, very different from the typical Criollo.
This is the so-called ““ Porcelaine” variety (Fig. 24).

All the other varieties of the cocoa plant belong to the
Forastero group (Figs. 25-33). This comprises several
sub-varieties, which form a series beginning with those
which stand nearest to the Criollo (with rather round
beans, a warty fruit-surface with deep furrows, yielding
a product of very good quality), and ending with the
so-called ““ Calabacillo variety,” with very flat beans and
a smooth fruit, yielding an inferior kind of cocoa.-

Local Types and Sub-Variety of Criollo
(a) Local Types

Venezuela, Criollo.—The fruits of the Venezuela
Criollo are medium -sized. Their form is generally
plump and asymmetrical. According to Preuss, the
typical Venezuela Criollo has a medium-sized, slanting
point, curved to the stem of the tree when the fruit is
grown at the stem. Towards the stalk the fruit ends
more or less abruptly with a broad end, which often
stands obliquely to the stalk. Sometimes the shape is
so irregular that the fruit gives an impression of being
misformed.!

In most cases the colour of the fruits of the
Venezuela Criollo is red, but a classification has been
made into Criollo legitimo, with fruits of a deep red

1 Preuss, Expedition, p. 225.
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colour and whitish-violet seeds; Criollo amarillo, with
yellow fruits and white seeds; and Criollo mestizo,
which is a sort of intermediary between the two other
ones, but which seems to be rare. This classification,
however, is of no great importance.

In Venezuela the Criollo is mainly cultivated near
the coast between the two rivers, Rio Yaracuy and Rio
Tuy. The local name is “cacao dulce,” which means
“sweet cocoa,” in opposition to ‘‘cacao amargo” or
“ Trinitario amargo,” which means “bitter cocoa” or
“ bitter Forastero,” and which comprises all the different
Forastero varieties.

Ceylon Criollo.—Ceylon Criollo—or,as it is generally
called, ¢ Old Red Ceylon ”—seems to be nothing but a
true Venezuela Criollo, which has perhaps changed a
little in the course of the seventy years it has been
grown in Ceylon. Most probably! the “Old Red,”
also called in Ceylon the “Caracas variety,” was the
only wvariety cultivated in the island before the
introduction of the Forastero in 1878. In his Report
for 1884, Dr. Trimen, at that time Superintendent of
the Botanic Gardens, wrote : “Cacao was grown at the
Botanic Gardens at Kalutara in 1819, and may have
been introduced by Moon, the Superintendent. But
most of the present cultivated cacao seems to have
been a consignment from Trinidad, obtained by Sir R.
Horton in 1834 35 As “most of the present culti-
vated cacao” in 1884 was “Old Red,” it is very
probable that this variety was imported some seventy
years ago from Trinidad. At that time, however, true
Criollo was most probably no longer to be found in
Trinidad, as it was wholly destloyed by a blight in the
betflnnlnor of the eighteenth century. It is . therefore
very probable that the “Old Red” was 1mp0rted
through Trinidad from Venezuela.

The pods of the “Old Red” are, like those of the
Venezuela Criollo, usually red in colour seldom yellow,
the size generally small, the surface rough, the furrows

! Lock, Circular, p. 391.
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deep ; they are pointed at the apex but not acuminate,
and the base is, as in all Criollo, unconstricted.

The seeds are as a rule nearly circular in transverse
section, though there is a good deal of variation in this
respect. Generally the colour is white, but a certain
percentage is bright purple or crimson within.' It is
estimated that a little more than 50 per cent contain
only white seeds, some 40 per cent contain mixed seeds,
and a very small percentage have only purple seeds.
The average number of seeds per pod is about twenty-
nine.

Lock remarks that ¢the trees of this variety are of
a distinctly smaller and weaker habit than those of the
Forastero kinds; they are also reputed to bear smaller
leaves, but according to my experience this distinction
is not clearly marked.”

It seems that the true “Old Red” is no longer so
very common in Ceylon, and that it is being replaced
more and more by the Forastero.

Java Criollo (Figs. 21, 22).—This variety has been
for many years the only one grown in Java. A very
interesting and thorough investigation of this variety
has been made by Zehntner,2 who gives a clear review
of its characteristics. It is very pure and constant,
closely resembling, if not identical with, the Venezuela
Criollo. This is remarkable, because all the trees at
present grown in Java are descendants of a fow trees,
perhaps even of one tree, imported as early as the
sixteenth century. The fact-that the characteristics of
Venezuela and Java Criollo are still so much alike
shows that both varieties have changed very little in
the course of three centuries. This gives support to
Preuss’s view?® that the Criollo in Venezuela is very
constant and has no tendency to be spoiled by mixing
with Forastero.

“The pods of Java Criollo are broad, not narrowed

1 Lock, loc. cit. p. 389.
2 Zehntner, ‘ Mededeelingen, ete.” (Proefstation te Salatiga, Bull. No. 9).
3 Preuss, Expedition, p. 226.
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at the base (the part where the stalk is fixed). Towards
the middle of the longitudinal axis they get a little
broader, tapering towards the apex, which ends in a
short, slightly curved point. The point is sometimes
sharp, sometimes more or less blunt. The fruit-wall is
red, warty, with ten prominent ridges, which are
separated by deep narrow furrows. The consistency
of the fruit-wall is soft.” The colour of the fruit is
generally deep red, rarely yellow.

The seeds are round in section or short-oval, white,
with sometimes a violet tinge along the edges.! The

wing average figures were obtaine measuring
following fi btained by g
a great number of fruits : —
: : ; Weight of | Number of
Length of pod. | Diameter of pod. Weight. AR S
170 mm. 81 mm. 467 gr. 97 gr. 314
(162 to 182) | (66 to 90) | (321 to 478) | (70 to 109) | (29 to 33)

Number of fruits necessary to
obtain 1 kilog. of marketable
cocoa,

Weight of one prepared

Weight of one seed. Tl

30 gr. 1114 gr.

(21 to 35) (1:09 to 1-30) i

The percentage of worthless seeds is very small,
being on the average 22 per cent.

Attention may be drawn to the fact that, as
Zehntner’'s figures prove, Java Criollo shows little
variation.

Samoa Criollo.—Cocoa is cultivated on a small
scale in Samoa, most of the trees belonging to a pure
Criollo type, which stands near the Java Criollo and
the Ceylon “ Old Red.”

As to the quality of the cocoa, the Samoa Criollo is,
according to Preuss,’ to be preferred to the other two.

1 Zehntner, loc. cit. p. 18. 2 Preuss, Samoa, p. 39.
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Madagascar Criollo.—This variety has been de-
scribed by Fauchere. The description and the excellent
photographs® leave no doubt as to the pure Criollo
character of this variety.

The length of the pod varies between 16 and 20 cm.,
the diameter between 6 and 9 ecm. The pod contains
30 to 35 seeds, the length of which varies between
13 and 2 cm.; they are plump and in section nearly
circular. The colour is white and the taste only slightly
bitter. The colour of the pod is generally red, seldom
yellow.

According to Fauchere this cocoa was most probably
imported from Réunion, and this island apparently got

Fic. 28.—Nicaragua Criollo (after Preuss).

it from Ceylon, so that the Madagascar Criollo would
seem to be a descendant of the ““Old Red.”

Nicaragua Criollo (Fig. 23).—This variety has
been studied by Preuss in its native country. Like the
Venezuela Criollo it has fruits with a warty surface
and deep furrows; towards the stalk the fruit ends
with a broad side; the shape is often asymmetrical.
All these characteristics are the same as those of the
Venezuela Criollo ; but in addition the Nicaragua Criollo
has other characteristics which differentiate it more
widely from the Venezuela Criollo than any of the
others mentioned, and which give it a place by itself
among the Criollo varieties.

! Fauchére, Culture pratique, p. 10 and Figs. 2, 3.
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The most typical characteristic is the size of the
seeds, which are larger than in any other variety : the
length is 4 to 4} cm., the diameter about 13 cm.
Another typical characteristic is the long tapering point,
which is longer and sharper than in the other Criollo
varieties, and which gives the fruits a more slender shape.

The taste and colour (white to pale purple) of the
beans are very fine, but the aroma is rather weak and
not so strong as in the Venezuela Criollo.

This variety is grown in Nicaragua; also in
Guatemala, and perhaps to a small extent in Mexico.
It is likely that it contributes to the so-called
“Soconusco” and “Tabasco” cocoa. In Nicaragua it
is called “cacao del pais” (cocoa of the country), in
opposition to *cacao estrangero” (cocoa from abroad),
by which name the Forastero is indicated.

From Nicaragua Hart imported it in the year 1893
into Trinidad. It is also grown in the Botanic Gardens
at Peradeniya (Ceylon) and in the Botanic Gardens of
Buitenzorg (Java). The trees grown at Buitenzorg
have been described by Zehntner. Though it may be
that these few trees do not represent exactly the
average type, the figures given by Zehntner are still
worthy of mention. He describes the fruit as being
rather short (155 mm.), but broad (86 mm.) and heavy
(557 gr.). The weight of the seeds is greater than in
any other variety (203 gr.), being 36% per cent of the
weight of the whole pod. The seed-coat is described as
very thin, soft and light. The average number of
seeds per pod was 28, of which about 2 (82 per cent)
were worthless. The average weight of the fresh seeds
was 7°1 gr., that of the prepared bean 1:79 gr.

©) Sub- Variety

Porcelarne variety (Fig. 24).—The only sub-variety
of Criollo is the Porcelaine variety. The outer appear-
ance of the fruit is so different from the true Criollo
that nobody would at first appearance recognise it as
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a sub-variety. The smooth surface and the lack of
prominence of the ridges give it a strong resemblance
to the Amelonado, a Forastero sub-variety, but the thin
fruit-wall and the rather plump seeds show that it is
really a Criollo. This is also proved by the fact that it
was found in the Criollo plantations in Java before the
introduction of the Forastero.

Hitherto the Porcelaine variety has received but
little attention. In one sense this is not to be
wondered " at, because from an agricultural or com-

Fic. 24.—Java Criollo, Porcelaine variety.

mercial point of view it is unimportant; but it is all
the same a very interesting variety. In twenty fruits
Zehntner found 68 per cent of round beans. Further,
all the seeds were white—another Criollo characteristic.
The fruit-wall of the Java Porcelaine is very thin and
easily cut.

It is impossible to give any definite reason for the
possession of a smooth surface in this Criollo variety. It
is probable that it has suddenly appeared as a mutation,
as a child of true Criollo parents, among many sisters
which were true Criollo like their parents. At any rate
it is not necessary to assume, as Zehntner does, that
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a smooth skin being a Forastero characteristic, the
Porcelaine variety must have been caused by a mixing
with Forastero. This is most improbable, because the
Porcelaine has no other Forastero characteristics, and
moreover it was present in Java before the Forastero
was introduced.

1I. ForasTERO

While the countries where true Criollo is to be
found are only few, the Forastero is grown in all the
cocoa-growing countries, either together with Criollo
(Venezuela, Java, Ceylon, Nicaragua, Samoa, Mada-
gascar), or alone in different sub-varieties (Ecuador,
San Thomé, Trinidad, Gold Coast, Surinam, Antilles,
ete.). And while Criollo is very uniform, having, aside
from local types, only two varieties, the true Criollo
and the unimportant Porcelaine, Forastero is a col-
lective name for a great number of sub-varieties.

It has already been pointed out that it is difficult
to make a clear classification of the sub-varieties of the
Forastero group, owing to the fact that the different
characteristics are present in the various types in all
sorts of combinations. Whether this is a consequence
of hybridisation or variation (mutation), or the influence
of local conditions, has not been investigated ; but since
von Faber has proved that trees standing. close together
can easily be pollinated by each other, 1t is very likely
that this mixture of types has been caused by hybridisa-
tion. We have therefore probably to regard a great
number of types of Forastero as hybrids of different
Forastero varieties, and an equally large group as
hybrids of Criollo with varieties of Forastero.

This view is supported by the fact, observed both
in Venezuela and in Java, that the offspring of inferior
types of Forastero planted in Criollo fields have distinct
Criollo characteristics, and show therefore a marked
improvement over the mother tree. Amelonado with
small, flat, bitter seeds planted between Criollo gave
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in Venezuela an offspring with fruits which had the
Amelonado shape, but contained large, round seeds
with the bitter principles much less developed. In
dealing with the introduction of Forastero types into
the Criollo fields of Western Venezuela, Preuss writes :*
“I saw with astonishment the modification which had
occurred here in the inferior cacao. It is true that the
fruit-walls were very thick, but the beans could only be
distinguished from Criollo by very trained men.” In
Java the first Forastero introduced was an inferior type,
a sort of Cundeamor bearing small fruits with a very
pronounced bottle-neck near the stalk. Planted between
Criollo, it has produced an offspring for the greatest part
of superior type with distinct Criollo characteristics.

The most practical classification is obtained when
the form of the fruit is used as a basis in the following
way —

Ridges deep, surface warty or rather warty, largest diameter
of the fruit generally not more than 50 per cent of the length;
no constriction near the stalk : . : Angoleta.

Ridges " deep, surface warty or rather warty, largest diameter
of the fruit generally not more than 50 per cent of the length ;
fruit constricted near the stalk (‘“bottle-necked”) . Cundeamor.

Ridges shallow or rather shallow ; surface not very warty or
rather smooth ; largest diameter of the fruit always longer than
50 per cent of the length ; the constriction near the stalk may be

present or absent . 3 : Amelonado.
Ridges very shallow, surface very smooth diameter 60 to 75
per cent of the length of the fruit . . ) Calabacillo.

It must again be emphasised, however, that both
this classification and the characterisation of the types
are wholly conventional. The different types are not
sharply separated from each other. They form a con-
tinuous series, beginning with the finest Angoleta,
which is very much like the Criollo, and running
through the Cundeamor and the Amelonado to the
smoothest Calabacillo.

1 Preuss, Eapedition, p. 225.
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The most usual appearance of these types may now
be briefly described.

4. Angoleta

The typical Angoleta variety (Fig. 25) is char-
acterised by large, regularly-formed fruits, with a thick
fruit-wall, generally deeply furrowed and very warty ;
the apex is rather long and attenuate ; at the stalk end
the fruit is not constricted. These last characteristics
bring the Angoleta near the Criollo. Moreover, the
beans generally resemble those of Criollo; though not

Fi1¢. 25.—Java Forastero, Angoleta variety.

as large and round, they are still rather large and plump.
Their colour is generally light violet.

The quality of the product of several types of
Angoleta is superior.

The Angoleta variety is to be found in Venezuela,
in Trinidad, and most probably also in Central America ;
it also occurs in several other countries, but never to a
large extent or in a pure form.

B. Cundeamor

The Cundeamor (Fig: 26) is in many respects much
like the Angoleta, but the furrows of the fruit-wall are
generally not so deep and the warts less prominent.
The most characteristic feature is the constriction of the
fruit near the stalk-end, which gives the fruit more or
less the shape of a bottle (“bottle-necked”). The
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colour and shape of the beans are generally about the
same as in the Angoleta, but there are also Cundeamor
types with flat, dark-coloured beans.

The Cundeamor variety is cultivated in Venezuela,
in Trinidad, in the province of Esmeraldas in Ecuador,
and in Java.

C. Amelonado
The Amelonado (Fig. 27), which is generally called

Fic. 26.—Forastero, Cundeamor variety.
Two types : the type B is more like the Forastero Amelonado than type A.

“Sambito” in Venezuela, is the most widely cultivated
sub-variety of Forastero. By far the largest part of
the world’s crop of cocoa comes from this variety.

The difference between the many local types is
rather great, but, speaking generally, the Amelonado
variety is characterised by its broad and short fruits,
which have more or less the shape of a water-melon or
an egg. They may be bottle-necked (Fig. 27, B) or not
(Fig. 27, A). The apex is sometimes shortly acuminate
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(Fig. 27, B), sometimes blunt (Fig. 27, A); the fruit-
wall is generally more or less smooth, though the ten
ridges and furrows are always clearly marked. The
seeds are generally flat, deep violet in colour, and bitter
in taste; but there are exceptions to this rule, and some
Amelonado have seeds which are rather plump, light
violet, or even white in colour, and sweetish in taste.
Generally this variety requires some six or seven days

Fie. 27,—Forastero, Amelonado variety.

Type A is not bottle-necked, and has a blunt apex; type B is bottle-necked, with a
pointed apex and comparatively deep ridges.

for fermentation, and yields a product of medium
quality ; but there are local types which need only a
short fermentation and yield a product of superior
* quality.

Amelonado is grown in Ecuador (with the exception of
the province of Esmeraldas), San Thomé, San Domingo,
Gold Coast, Surinam, and other countries as the local
variety. In addition, it is to be found together with
other Forastero, especially Cundeamor types, in almost
all the cocoa-growing countries.
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D. Calabacillo

The Calabacillo (Fig. 28) is the lowest Forastero
variety. It has the shortest fruit and the smoothest
fruit-wall of all the varieties of cocoa; the furrows are
very shallow ; the apex is shortly acuminate, sometimes
blunt. The beans are very flat, deep violet in colour,
and very bitter in taste; fermentation requires eight
days and sometimes even more.

This variety, though to be found in every cocoa-

A

Fr1a. 28.—Forastero, Calabacillo variety.:

A, typical Calabacillo; B, the surface of this type is not so smooth and it therefore is more
like the Amelonado.

growing country, is never grown purposely. On the
contrary, the planter avoids using Calabacillo seeds,
knowing that the quality is very poor and that it
ferments slowly. This sometimes makes it even
necessary, when the number of Calabacillo fruits
harvested is ‘rather large, to keep them apart from the
others and to have them fermented separately, as they
would otherwise delay the fermentation of the whole
crop.

pIn Venezuela the Calabacillo is called * Trinitario
amargo” (““bitter Forastero”) or “Cojon de toro”
(““ bull’s testicle ”).
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Local Types

Venezuela Angoleta.—A detailed description of this
type has not yet been given, and the reader can only
be referred to what has been already said regarding the
Angoleta variety in general.

Among the group of local types grown in the basin
of the Orinoco and indicated as Carupano Cacao, we
find types called Carupano grande or Carupano grande
mejor, which are much like typical Angoleta in their outer
appearance, but the fruit-wall is less warty, the furrows
are not so deep, the beans are smaller and flatter, the
quality is not so fine, and in every respect these types
show characters of Angoleta and of Amelonado com-
bined. As they generally resemble the Amelonado
more than the Angoleta, they are best considered as
belonging to the former variety.

Trimidad Angoleta (Fig. 29) has been mentioned
by Hart®! under the name of “Trinidad Forastero.”
It is generally met with in the estates in Trinidad
together with other varieties of Forastero.

Through the kindness of Mr. Augustus, Manager
of the Government Cocoa Plantation, ‘“ River Estate”
(Trinidad), I have obtained the following average
figures of a large number of pods of “ Trinidad Forastero,”
collected on that estate and belonging to two Angoleta
types .:—

. 3 Number | Weight | Length of | Weight of

Length. |Diameter.| Weight. | ¢ seeqq ' of setéds. ogggstee(g one(]-,gsee(?.

Red 2lcm. | 9cm. | 765 gr. | 875 | 93gr. | 2:°2cm. | 2'5gr.
Yellow., | 10 cm, | 9cm. |585¢gr. | 3493 | 73gr. | 21 cm. | 20 gr.

Java Angoleta is now the most common Forastero
in Java. It 1s a hybrid between the originally imported
Forastero Cundeamor and the Java Criollo.  The
original Cundeamor was one tree with fruits of an

1 Hart, Cacao, Figs. Z and A.
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inferior type, small, and with a very pronounced bottle-

neck.
Venezuela Cundeamor has large fruits with deep

furrows, a very warty surface and a long, slanting point.

Fie. 29.—Trinidad Angoleta (Hart’s ‘¢ Forastero ).

It [is always distinctly bottle-necked.” The colour
is red or yellow. The nibs are pale violet, as in the
Venezuela Angoleta, but darker than in the Criollo.
Preuss gives an illustration but no figures of this
variety.
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This variety is much appreciated by the planters
in Venezuela. It gives a fine quality of product, and
resists disease better and is a stronger grower than the
Criollo.

Trinidad Cundeamor.—This is a typical Cundeamor
with all the characteristics already mentioned. Hart
mentions it under the name “ Trinidad Criollo,” because
he looks upon it as the variety originally grown in
Trinidad ; but whatever the variety may have been
which was first grown in Trinidad, it is obvious that
this bottle-necked Forastero cannot be called ¢ Criollo.”
No Criollo is grown in Trinidad, and the name of this’
type must be “Trinidad Cundeamor.”

Mr. Augustus has kindly given me the following
average of the fruits collected on the  River Estate”

(Trinidad) :—

Length. Diameter. Weight., | Number of seeds. ‘ Weight of seeds.

Red Pod . | 194 cm. | 74em. | 495 gr. 418 73 gr.

‘ Yellow Pod | 21 em. 73 em. 495 gr. 39°5 75 gr.

As regards the seeds, the following figures were
obtained : average length, 21 em.; average weight,
14 g

%]cuador Cundeamor or Esmeraldas Cundeamor
is cultivated only in the province of Ksmeraldas in
Ecuador. The plantations in this province are not
numerous, and the total number of trees is estimated
to be only 700,000. The fruits are of a slender shape,
with a long point, with deep furrows and rather strongly
constricted near the stalk-end. The colour is yellow
or brownish-red; in the first case the nibs are some-
times entirely white, showing a great resemblance to
Venezuela Criollo.!

Ecuador Amelonado (Figs. 30, 99), or, as it is
called in Ecuador, ¢ cacao nacional,” may be regarded

1 Preuss, Expedition, p. 241.
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as the most important Amelonado. It now produces
per annum not less than 20 to 30 million kilograms
of cocoa, or about one-eighth of the whole production
of the world. This variety is almost exclusively grown
in the provinces of Los Rios, Guayas, El Oro, and

Fic. 30.—Ecuador Amelonado (‘‘ cacao nacional ”).

Manabi, producing the four market cocoas, ¢ Arriba,”
“ Balao,” ¢ Machala,” and ““ Manabi.”

This Amelonado stands closer to the Cundeamor
than to the Calabacillo; for an Amelonado its fruit-
wall has rather deep furrows. Though exact figures
giving the average of a great number of fruits are not
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available, we may take it that the length of the fruit
is about 19 to 23 em., the diameter about 10 to 12 cm.
The apex is blunt or with a short, indistinet point.
Generally they are slightly bottle-necked.

Fic. 831.—San Thomé Amelonado.

Reproduced from Chalot and Lue, Le Cacaoyer au Congo frangais.

The type is remarkably constant throughout all
the four provinces mentioned, and we do not find
trees of other Forastero types mixed with it. Such a
uniformity of fruit is rare in cocoa-growing countries.
Curiously enough, although exactly the same variety
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is grown in all four provinces, the resulting products
are of quite different qualities.

San Thomé Amelonado (Fig. 31) has been described
by Chevalier.! The fruits, which are citron-yellow
when ripe, are elliptical and elongated, generally more
or less constricted at the base; they end in a blunt
point or mamelon. The fruit-wall has ten shallow
furrows, and is smooth or slightly warty. When unripe,
the fruits are completely green or slightly rose-tinged
at the base ; the furrows are always of a lighter colour.
Gradually they become yellowish-green and finally yellow.

Chevalier gives the following average figures : length
of the pod, 14 ecm. ; diameter, 74 cm. ; weight, 300 gr. ;
number of seeds, 42 ; weight of seeds, 91 gr. ; weight of
one seed, 19 gr.

In San Thomé this variety is called “creoulo,” as it
is the oldest type grown there.* It is uncertain whence
it was imported to San Thomé, but perhaps de Almada
Negreiros is right in assuming that it came from Bahia
in Brazil. It is grown not only at San Thomé, but
also at Principe and throughout West Africa.

Surinam Amelonado (Figs. 32, 136) is the common
variety grown in Surinam. The two Amelonado types
just mentioned are fairly constant in their particular
countries, but the Surinam Amelonado on the other
hand is rather polyform. It is, therefore, difficult to fix
the type, for 1t 1s different on different plantations.
On one plantation a type with small fruits may be the
most common one, but on other estates the type is
larger ; on some estates a more or less bottle-necked
variety is prevalent, on others fruits which lack this char-
acter are generally found. Fig. 32 shows the most
common form. With this Amelonado variety inferior
sorts of Angoleta and Cundeamor varieties are to be
found, generally in small numbers, but sometimes more
numerous.

1 Chevalier, Le Cacaoyer dans I Ouest africain, 1908, p. 130.
2 It will now be seen how confusing it would be if we called this type
¢“Criollo,” as Hart did with the Trinidad Cundeamor !
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The most typical Surinam type (Fig. 32) is a medium-
sized Amelonado, smaller than the Ecuador one, but larger
than the San Thomé Amelonado. The average length
is 16 cm., the average diameter 8% ¢m. The following
average figures were obtained from 105 typical fruits
collected on the estate ¢ Clevia” : weight of the fruit,
559 gr.; weight of seeds, 128 gr.; weight of one
seed, 3-1 gr. ; number of seeds, 41. The colour of the
seeds is dark violet.

CAt
20|

F16. 32.,—Surinam Amelonado.

The present writer considers the non-bottle-necked
to be the most typical, but it is true that many trees
are to be found with fruits which show a distinet con-
striction near the fruit-stalk. The colour is red or
yellow or yellowish-brown.

The Venezuela Amelonado is generally called
“Sambito.” As has already been mentioned, the inter-
crossing of Sambito and Criollo (pollination of Sambito
by Criollo) has given rise to the occurrence in Venezuela
of Sambito types with large round seeds. Such a type
is to be seen in Fig. 33.
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The Guadeloupe Amelonado, which is considered
there to be the oldest variety on this island, was
imported long ago from Martinique and is called * cacao
creole.”

Local types of the Calabacillo are not worthy of
description, as this coarse variety is nowhere of any
importance.

Fic. 33.—Venezuela Sambito (= Amelonado), with large seeds.

SUMMARY

In this chapter we have tried to enumerate and
to describe the different varieties with their local
types. It must not be thought, however, that our
enumeration of these local types is complete. Of a
great number of local types no description exists,.
and of the types described only a few have been the
subject of thorough investigation ; the number of local
varieties for which figures have been collected in regard
to the size, weight, ete., of the fruits is very small
indeed.

The following list gives a summary of the varieties
and the local types described, with the local names :—
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I. CrioLLoO.
A. Criollo types.
Venezuela Criollo.
Ceylon Criollo (“ Old Red ”).
Java Criollo.
Samoa Criollo.
Madagascar Criollo.
Nicaragua Criollo (*‘ Cacao del pais”).
B. Porcelaine.
Java Porcelaine.

II. FoRrASTERO.

A. Angoleta.
Venezuela Angoleta.
Trinidad Angoleta (“Trinidad Forastero ”).
Java Angoleta.

B. Cundeamor.
Venezuela Cundeamor.
Trinidad Cundeamor (* Trinidad Criollo ”).
Ecuador Cundeamor (* Esmeraldas ”). -

C. Amelonado.
Ecuador Amelonado (“ Cacao nacional 7).
San Thomé Amelonado (““San Thomé Creoulo ”).
Surinam Amelonado.
Guadeloupe Amelonado (“ Guadeloupe Creolo ).
Venezuela Amelonado ( Sambito ”).

D. Calabacillo.

The figures for some of these types may also be
summarised here :—

55 . o Z P @
S | v i lEg sy | ettt I ol Es
g | B3 | SES | 2= | 95 | 9%« | 24 | e
5 | EEE | EE¥ | B5g | 56 | BSSE | 2% | 22
B | 25 | BT | BET | Be | BEIT | 27 | B3
SE [P R g | &ES B3
Per cent. Per cent.
Java Criollo A : 170 81 48 467 97 1 32 3
Madagascar Criollo . |160-200| 60-90 | 38-45
Nicaragua Criollo?! 155 86 55 557 203 36
Trinidad Angoleta 190-200 90 45-47 | 585-765 | 73-93 12 37 2-2%
Trinidad Cundeamor . | 195-210 75 36-39 495 173-75| 15 43-44| 1°7
Ecuador Amelonado . |190-230|100-120 | 52-53 | ...
San Thomé Amelonado| 140 75 50 475 89 19 48 1-9
Surinam Amelonado . 160 85 53 559 128 ! 23 41 31

! These figures, which are quoted from Zehntner, are for Nicaragua Criollo
grown in the Botanical Gardens at Buitenzorg. It may be that they do not
represent the average of Nicaragua Criollo grown in Nicaragua.




CHAPTER VI
THE CULTIVATION OF COCOA

Ix this chapter we propose to describe the different
operations which have to be carried out during the
establishment and running of the plantation.

While it stands to reason that the experience gained
in other countries should give the practical man hints
for the improvement of his methods in some way or
other, still too great reliance on such experience is a
fruitful source of mistake, and a good dose of con-
servatism is the first thing needed for every grower of
cocoa. In establishing and running a plantation, the
newcomer would do well to follow the methods locally
adopted. These methods may contain faults, but the
latter can be found out only in the course of years by
close observation of the home plantation and those
around it. An enormous amount of money has been
lost, and is still being lost, by men without local experi-
ence who want to improve on the old-fashioned way at
once, or who adopt in the tropics, without thorough
experiment, methods used in temperate climates. In
reading this chapter, therefore, the reader should
remember the final exhortation of an old teacher of
agriculture after he had delivered his last lecture to his
students : “ And now, gentlemen, go into the field and
see how others do.”

A. ESTABLISHMENT OF THE PLANTATION

Clearing the forest.—The land selected for the planta-
tion will in most cases be virgin land covered with
95
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forest, or land abandoned many years ago and covered
with secondary bush. The first work to be taken in
hand, therefore, is generally the clearing of the forest
or bush. The smaller trees and shrubs are cut down
first, and then the big trees. The wood is then arranged
into heaps or rows, so as to clear the space where the
plants are to be planted.

Here the question arises whether the planter should
burn the wood or not. Burning has several practical
advantages. It clears the surface of the soil and kills
the weeds, as well as many other enemies. Moreover, it
is easier later on to weed burned land, while the heaps
or rows of unburned wood give rise to the growth of
troublesome weeds, and in many countries of vines,
which tend to entangle the young plants. Another
drawback of not burning lies in the fact that some trees
are very hardy, and when cut down and not burned
repeatedly produce roots and suckers. Finally, the
heaps of unburned wood being favourite shelters and
breeding places for all sorts of injurious insects, the
burning kills a lot of enemies of the young plants.

On the other hand, however, burning has the dis-
advantage of destroying a good part of the humus
which is incorporated in the upper layer of the soil,
while the fertilising effect of the fallen trees and shrubs
is reduced ; the wood gradually rotting adds much more
to the fertility of the soil than when burned to ash, of
which, especially on hillsides, a great deal may be
washed away by rains or blown away by wind. It is a
curious fact that the bad effect of burning is especially
felt on soils which are very rich in humus, and are more
or less peaty. So much of the humus may be destroyed
in burning, and at the same time the soil may cake
together in such a way, that it is hardly possible to
grow any crop on it without the expenditure of much
labour and expense in bringing it back to proper
condition.

Generally speaking, however, the planter will con-
sider it more practical or even essential to burn the
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wood. Accordingly, the dry season is usually chosen
for clearing the forest, for it is always necessary to leave
the wood lying in the sun for a few days if it is to burn
well.

In some countries, in clearing the forest, the bigger
trees or special kinds of trees are left standing in order
to give immediate shade to the young plants, but this
method is not generally adopted, and 1s certainly not
advisable. Only very special kinds of trees are suitable
as shade trees, and 1t seldom occurs that these are to
be found in the forest ; moreover, in a good plantation
the planter wants his shade trees to stand at regular dis-
tances apart ; and, finally, the shade given by forest trees
is not the kind needed by the young cocoa plants, which
require the greater protection afforded by temporary
shade plants such as bananas or tannias. Hence it is
not advisable to plant cocoa in old coffee fields, leaving
the shade trees standing, as is generally done in Java.
When the cocoa plants grow up under the only shade
which these trees afford, they result in short trees with an
irregular, bushy or compact branch system, and with
a stem liable to split when the branches bear much
fruit (Fig. 85). DBananas, also, do no better in such
circumstances, for they have only a poor and slow
growth under shade. It is therefore advisable to cut
away the old shade trees and to plant a new tem-
porary shade when a coffee field has to be changed into
a cocoa field. But of course this involves a greater
expenditure.

The cocoa tree is very sensitive to wind. If, there-
fore, the piece of land chosen is bounded by open land,
by savanna, or by a river, on the side of the prevailing
wind, it is advisable and sometimes necessary to leave a
border of forest as a wind-break. Thus in Surinam, for
instance, wherever cocoa is cultivated near the riverside,
the plantation is never extended close up to the river—
at any rate not when the latter runs on the windward
side (z.e. on the east), and a border of forest is always
left along the bank.

H
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In very windy countries it may be advisable to leave
" such rows of wind-breaks at regular distances facing the
prevailing direction of the wind. In such cases
Fauchere® considers it absolutely necessary to have a
series of shelter - belts 100 metres (say 110 yards)
apart, each at least 10 metres (11 yards) broad.
This recommendation, especially as to the width of
the shelter-belts, is well worth consideration. In such
countries it is sometimes even necessary to plant only
on the leeward side of the hills or mountains. This is,
for instance, the case in some parts of Java. However,
the method of leaving parts of the forest as wind-breaks
has a drawback. It has been found by experience,
especially when only narrow belts of the forest are
left, that some of the trees are liable to die early,
and that, standing unsheltered and in the open, the
tall trees may fall down, causing damage instead of
preventing it. For these reasons it i1s sometimes
better to clear the whole forest and to plant wind-
breaks. The planter is then in a position to choose
those species of trees which are specially advantageous
as wind-breaks, and sometimes even trees which are
themselves productive. The planting of such wind-
breaks will be discussed later.

Management of the land after the clearing of the
forest.—The fertile virgin soil quickly loses a great part
of its fertility when left unshaded. Under the direct
influence of the sun and the consequent high tempera-
ture, and also because of the free circulation of the air,
the texture of the soil changes, mainly in consequence
of the destruction of the humus. It is therefore
necessary, immediately after the clearing of the forest,
to plant some quick-growing plant in order to have the
soil shaded as soon as possible.  Corn is often used
for this purpose, and sometimes plantains, bananas,
or cassava, according to the character of the soil, the
climate and the needs of the country. In many districts
corn is sown out, and plantains or bananas are planted at

1 Fauchére, Culture pratique, p. 32.
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the same time ; after the harvesting of the corn (in three
to four months), the plantains or bananas have reached
a height of a few feet, and as they grow up quickly, they
may give useful shade to the soil within a few months,
if not planted too wide apart (say at a distance of 12
feet). It is, however, absolutely necessary that the corn
should not grow too close to the bananas; otherwise
these are so checked in their early growth that the plants
remain weak and slow-growing for a long time. It is
advisable to keep an open space of at least 2 to 3 feet
in each direction round the plantains or bananas.

Planting of wind-breaks.—As has been pointed out,
it may sometimes be considered advisable not to leave
belts of the original forest as shelter-belts, but to
plant belts of trees specially adapted to act as wind-
breaks.

The drawback of this method, however, lies in the
fact that good, strong, wind-breaking trees are always
slow growers, so that several years must elapse before the
trees planted can serve their purpose. It is therefore
advisable to plant in addition a quick-growing kind of
tree to provide shade during the first few years. Very
quick growers are: Albizzia moluccana, Adenanthera
pavonina and Adenanthera microsperma,' but their
wood is so brittle that they are only to be relied upon
in the first two or three years, and their lifetime is very
short. Fairly quick growers with less brittle wood are :
Erythrina umbrosa, Erythrina velutina, Gliricidia
maculata, Swietenia macrophylla, Cedrela odorata,
Pithecolobium Saman, Peltophorum ferrugineum, and
others. Slow growers but with very strong wood are :
the mango (Mangifera indica), the sapodilla (Achras
Sapota) and many timber trees, of which different
kinds are to be found in every country. Seed is
always easily to be had from the mahogany (Swietenia
mahagont) and other trees of like character.

1 The well-known Cassia florida, though a quick grower, cannot be recom-
mended, because for some reason or other it exerts a bad influence on other
trees in its neighbourhood, checking their growth.
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Among the useful plants which can be used as
wind-breaks the rubber trees may be particularly
mentioned, though their wood is not very strong—for
wet countries the Pard rubber (Hevea brasiliensis)
and the Castilloa elastica; and for dry countries,
Manihot Glaziovie and other rubber-producing species
of Manihot. It is questionable, however, whether
the latter can thrive in countries wet enough for
cocoa.

Many of the trees just mentioned lose their lower
branches in a few years and develop long branchless
trunks. If planted in a few rows and not very closely,
such trees allow the wind to blow between their trunks,
and it is therefore advisable to plant before or behind
them a few rows of other trees which retain branches
at the base of the stem. Suitable trees for this purpose
are: the “rose-apple” (Eugenia Malaccensis), the
Liberian coffee (Coffea liberica), the ‘“ morinda”
(Morinda citrifolia). The *rose-apple” is a particu-
larly useful wind-break. In many cases, however,
another plant will be more useful than any of the
trees mentioned—viz. the bamboo. This plant would,
indeed, be the first to be recommended, if it had not
the drawback of extending its roots, thus taking pos-
session of a larger area of soil every year. In some
situations, however—for instance, on dams which are
not planted with any other plant—this drawback is
not great, and in such cases the bamboo is very
valuable indeed, though even then it must be kept in
check.

Other trees which have been recommended by
different authors as wind-belt trees may be mentioned
here:' Albizzia Lebbek, Albizzia odoratissima, Ery-
thrina lithosperma, E. oralifolia, Artocarpus nobilis,
Cassia siamea, Filictum decipiens, Melia, dubia, Mesua
Jerrea, Pterocarpus indicus, P. marsupium, Vateria
acuminata, Acacia pycnantha, Cedrela serrata, C.

1 See, for instance, Wright, Cocoa (1907 . 67-70, and Dybowski, Traité
(1902), p. 88. 3 : o : 4 f
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Toona, Myristica laurifolia, Azadirachta indica,
Thespesm populnea, Acacia Cyclops, Schinus tere-
binthifolius, Caesalpinia sapan.

Drainage.—The labour to be expended on the
drainage of the plantation varies much in different
countries. Where the rainfall is comparatively small
and the land sufficiently inclined to allow the surplus
water to run away, no drains have to be put in. This
seems, for instance, to be the case in San Thomé. In
other countries where the rainfall is greater, as for
instance Trinidad and Ceylon, and the natural drainage
insufficient, attention has to be paid to the digging of
small trenches. Finally, in countries such as Surinam,
with a heavy rainfall and flat land, a whole system of
canals and trenches has to be dug in order to obtain a
proper drainage of the soil.

It is always advisable to put in the drainage at the
same time as the planting of the catch-crop ; and where
drainage is essential to the growth of all plants (as is
the case in Guiana), this is not only advisable but
necessary. In many instances the slow digging of the
drainage has resulted in a slow growth of the catch-
crop, the spoiling of the virgin soil, and a poor growth
of the young cocoa.

In comparison with other crops—such as sugar-
cane, cassava, bananas, citron trees and coffee—cocoa
may be considered as a plant which is not very parti-
cular about drainage. All the same it feels the bad
effects of a too high water-level, and wherever the
natural drainage of the soil is deficient, it is useful to
keep the water down to a depth of at least 2 to 3 feet.
This, however, is not always done by cocoa planters,
and it must be confessed that cocoa often thrives well
on lands which are not properly drained and which are
soaked with water for several months in the year. The
fields of many small proprietors in Surinam offer an
example of this, and according to Wright the same
condition is observed in Ceylon, where on many estates
drainage is neglected to a remarkable degree, while the
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cocoa still ““ grows luxuriantly in spite of undrained and
sour condition of the soil.”

This can only occur, however, on exceptionally good
and rich land, and the careful planter will always have
his soil drained as well as possible. The good results
of bhis care will be evident in a longer life of his trees
and a greater power of resistance against certain
diseases (e.g. canker), especially in years with a heavy
rarpfall <

In hilly countries, where the soil is porous, it will
be sufficient to make shallow drains of, say, 13 to 2
feet deep, made almost at right angles to the slope and
on a small incline (this incline is generally made about
80°). When, however, the soil is compact and the
air penetrates only with difficulty, deeper drains may
be recommended, both to get rid of the water and
to aerate the soil to a greater depth.

In Guiana, and especially in Surinam, the drainage
question is more important than in any other cocoa-
growing country. The system adopted there will be
discussed in Chapter IX.

It is useful and instructive for the planter to obtain
an idea of the level of the water in the soil at different
times of the year and on different parts of his estate.
By digging holes or short trenches he will see that,
especially 1n the rainy season, this level is at some
places much higher than he expected, the reason being
that at those places the subsoil has a low grade of
permeability. ~ Where he expected to find water
standing only at a depth of 4 feet or more, after a
shower in the rainy season he may find it at a depth of
1 foot for several days. In such a case it is advisable
30 improve the drainage by digging trenches 2 to 3 feet

eep. v

In some countries, where the rivers rise considerably
during a season of the year, it is impossible to keep
down the water-level. In such cases it is often found
that occasional floods are very well endured by the
cocoa, at any rate when they do not last too long
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and when the soil can afterwards drain out properly.
Wright ' gives some good examples of this condition :
“ Cacao trees, when once established, appear to be able
to stand occasional floods. Several acres of mature
cacao at Peradeniya are subject to floods once or twice a
year; the water rises to a height of three or more feet
above the bases of the trees, and remains in a similar
condition for a few days; nevertheless, these plots
yield fairly good harvests of two to three hundred
pounds of cacao per acre per annum. In the Amazon
valley cacao trees often grow wild in districts which are
periodically flooded, and the cacao trees, it is said, have
their stem under water for as long as three months at a
time. The same occurs for periods of a few days on
some plantations of healthy cacao in Venezuela and in
several parts of Ceylon.” How long the trees will
stand such.a flood depends on the quality not only of
the soil, but also of the water. On compact retentive
soils, the cocoa will not stand floods so well as on porous
soils with a smaller water-retaining power ; and standing
water does greater harm to the plants than water which
is continually moving more or less.

Variety to plant.—In establishing a plantation the
planter will obviously try to plant the finest variety of
cocoa producing the hest quality of product. From
this point of view the Criollo and the pentagona would
always have the preference. Unfortunately, these fine
varieties have certain drawbacks. They are so particular
about climate and soil that they only thrive in a few
countries. It may be said, speaking broadly, that only
in Venezuela and Java is the Criollo cultivated on
anything like a large scale, while no large plantations at
all of pentagona seem to exist. On a small scale the
Criollo is cultivated in several countries, especially
Nicaragua, Guatemala, San Salvador, Samoa and
Madagascar.

Further, the area planted with the Criollo variety
does not increase. In some countries it has already

1 Wright, Cocoa, p. 61.
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given place wholly to the less fine but hardier Forastero
varieties. This 1s the case in Trinidad, and to a
great extent also in Java and in Ceylon; and even in
Venezuela the Forastero seems to be gradually taking
the place of the Criollo. This is not to be wondered at.
The difliculties connected with the cultivation of the
Criollo are numerous, and not always compensated for by
the higher price of the product. The Criollo, especially
when young, requiresin every respect much greater care
than the Forastero, and it is also more liable to disease.
It begins to bear two or three years later, and the yield
per acre is smaller than with the Forastero.

For these reasons the planter will generally prefer
a good variety of Forastero, and will only decide
on Criollo in places where the conditions are excep-
tional—where the soil is very fertile, rich in humus and
of fine texture; where the climate is favourable in
every respect ; where the situation is a sheltered one;
where no destructive diseases are prevalent; where
intelligent labourers are available.

The question as to which type of Forastero should be
recommended is a difficult one. Types which are fine
in one country often lose their good qualities in another.
So, for instance, the Trinidad Forastero (an Angoleta
type), as well as Hart’s * Trinidad Criollo” (which is
really a Forastero of a Cundeamor type ; see Chapter V.),
both give in Trinidad a very good product which is
much finer than the Surinam cocoa ; but when imported
into Surinam, they turned out to be of no especial value
in that country, and in several respects inferior to the
common Surinam Amelonado.

Accordingly, the safest plan for the planter who
establishes a plantation in a country where cocoa is
already grown, is to study the local variety and try to
find its best and most profitable types. He should also
examine the varieties grown in neighbouring countries,
where the conditions of soil and climate are not very
different. At the same time, the study and comparison
of the different good varieties from all parts of the
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cocoa-growing world is work which should be done by
Experiment Stations and Botanic Gardens rather than
by the individual planter.

Whatever type be finally chosen for the plantation,
it is always advisable to plant only one variety. A
mixture of different varieties is very troublesome, not
only in the cultivation, which should be as far as possible
uniform, but also in the curing of the product, as different
varieties require different methods of curing.  Preuss’
is therefore quite right in saying that the system of
those planters is wrong, who, unable to decide between
Forastero and Criollo, think that the safest way is to
plant both.

A few remarks may be made about the best way of
procuring varieties from distant countries. The well-
known method of sending young plants in Wardian
cases may be considered as the safest, provided that
some care is taken of the plants during the voyage;
but this method is expensive. If the ripe pods are sent
without any further preparation, they only keep for a
very short voyage, and soon become mouldy; but if
treated by the paraffin method they will often keep for
a long time.

The way in which the present writer applied this
method was as follows:—The ripe pods were first
thoroughly cleaned with a tooth-brush and soap. Then
they were dipped, by means of a little string attached to
the stalk, in a 05 per cent alcoholic solution of corrosive
sublimate (5 grams of sublimate in 1 litre of alcohol).
In this solution they remained for three minutes. Then
they were left hanging till the alcohol had evaporated
and the fruits were completely dry; and, finally, they
were dipped into liquid paraffin at a temperature of
60° to 80° C. (140° to 175° Fahrenheit); for this
purpose a paraffin of a high melting-point was used.
The pod remained in the paraffin only for one second.
Care must be taken to dip the pod, including the stalk-
end, entirely in the paraffin, and to hold it only by

1 Preuss, Samoa, pp. 45-46,



106 COCOA CHAP.

means of the string without touching it. The pod is
then hung up in the room on a little stick, so as
to hang absolutely free. ~When the paraffin layer is
solid and cooled, the pod is ready to be packed.
The paraffined pods must be packed in a suitable
mixture which will not break, bruise or scratch the
paraftin layer. Peat-dust or fine, sifted sawdust may
be used.

The author shipped pods treated in this way with
success from Surinam to Java, a voyage of about seven
weeks; but it is true that the method is not quite
reliable. Sometimes, for instance, gas-bubbles are de-
veloped under the paraffin layer, which bursts at these
places; and where a burst occurs, decay generally soon
sets in. It is not known under what conditions these
gas-bubbles are formed, or what is the cause of their
formation. It has only been proved that the fruit-wall
must not show the slightest black spot, which indicates
the beginning of a too ripe condition, and it is therefore
better to pick the pods a week before they are really
quite ripe.

Seed selection.— Wherever the local variety of cocoa
is to be planted, and especially when a plantation with
full-grown trees has to be extended, the planter is
in a position to select his seed carefully. As a rule,
however, very little attention is paid to this point.

It should be a golden rule to the planter, to plant
only seed from the best bearing, healthiest tree of his
own plantation or of the plantations from which his seeds
are obtained. The great difficulty, however, is that
generally no exact data are available for ascertaining
which particular tree is the best. Some trees in a plan-
tation may have the reputation of always giving a high
yield, but exact, convincing figures are almost always
lacking. It is therefore most important for the planter to
study carefully in his plantation a certain number of trees
which are strong and healthy and which seem to be
good bearers, and to note down every year exactly what
1s the yield of each of these trees, together with any
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other data as to time of bearing, liability to disease,
etc. This would enable him to know exactly which
trees are the best.

An Experiment Station, of course, would adopt
another method of obtaining a good bearing strain of
cocoa. Ome part of the work of such an institution
is to pick out the best trees, and to sow the seeds of
each selected tree in a separate plot, thus obtaining
plots of, say, a hundred trees each, which represent the
offspring of each one of the selected trees. These plots
will give a better idea of the qualities of the strain than
the mother-tree itself. The best of the plots will be
kept for further selection. Details of this method
would bring us too far from our subject; for the
practical planter it is too tedious and requires too much
study ; he will do enough—and more than most planters
do—if he watches the best of his trees, keeping the
figures and other data, and using the seed of the one
which after some years shows itself to be the best of
all. No conclusion as to the bearing power of a tree
should be drawn after only one year, or even a few
years, for a study of the trees extending over a series
of years will show that the annual yield of individual
trees varies a great deal.

The pods used for planting must be well matured.
Unripe seeds give poor seedlings. It is furthermore
necessary to use only big, well-formed seeds; the small
ones near both ends of the pod should always be
avoided. Before sowing the viscous pulp should
be removed from the seeds by rolling them in dry
earth or ash; lime will also answer the purpose. Thus
treated, the seeds are less liable to attack by insects.

Temporary shade.—The temporary shade must be
planted before the cocoa. Like so many other young
trees in the tropics, the young cocoa plant must have
shade; although sometimes, under special conditions,
cocoa can afterwards be grown without shade trees,
shade is almost always considered to be necessary in
the first two to four years. Only here and there in
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some countries—for instance, in Brazil‘and sometimes
in Ecuador—is temporary shade done without, and the

Photo. supplied by Mr. M. E. Seminario.

young cocoa plants allowed to grow up without pro-
tection. Fig. 34 gives an illustration of this way of
cultivating, as adopted on the plantation “La Elvira”

F16. 84.—Young cocoa plants grown without temporary shade (plantation *La Elvira,” Ecuador),
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in Ecuador. Though it must be admitted that under
especially favourable conditions of soil and climate this
method can be followed with success, it cannot be
recommended. The young cocoa plants, and still more
the soil, will be benefited by the shade of bananas or
some leguminous plant.

Shade trees are not well suited for the temporary
shade of the young cocoa. It is true that in some

Fic. 85.—Cocoa grown in an old coffee field under large shade trees.

The low ramification is noticeable. The large, old shade trees are Albizzia, the small ones
Leucaenc.

countries trees of the original forest are left standing,
and that in those countries (San Thomé, Ecuador, etc.)
the young cocoa is grown under the shade of those
trees, while in other countries (e.g. Java) cocoa is often
planted in old coffee fields without removing the old
shade trees. Nevertheless this sort of shade is not to
be recommended ; the young plants grow a weak wood
and a stem which easily splits, the stem ramificates
too low, and the branch system becomes bushy and
compact (Figs. 85, 59). '
To obtain a strong stem and well-formed, regular
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trees a special kind of shade is necessary during the
first three years—not that afforded by shade trees, but

X ©
X
® X
%_ O]
X ©
X ¥ ©
% X
X
= ©
Pl x
X ©
% X X©
; . % x
S X
I o
3 x x
X % O =2 >3k
X X
Pk ©
x b ¢
X ©
X b3 x©
o X x% x
O]
x x
X X
® Cocoa. ©® Cocoa.
X  Bananas. X Plantains.
% Erythrina glavca. % Erythrina glavca,

Fia. 86.—Two schemes of planting cocoa under temporary shade of bananas and
plantains, as applied in Surinam.

that given by bananas or high tannias, plantains,
cassavas, or pigeon peas. In most countries bananas
are preferred for this purpose, but on rich soils plantains
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may do just as well.! Still the banana is always easier
to grow than the plantain, and as its roots go deeper it
acts at the same time as an improver of stiff soils. The
plantain may, however, be preferable from a financial
point of view, as on many local markets its fruit fetches
a higher price than the banana.

The bananas may be planted as temporary shade at
a distance of 10 to 15 feet apart; the plantains are

Photo. Auguste Curiel.
Fia. 37.—Cocoa field of a small proprietor (a British Indian immigrant) in Surinam.

The plantains are dying, and the cocoa is without sufficient shade.

better planted a little closer, 8 to 12 feet apart. Fig.
36 shows two schemes of planting adopted in Surinam.

A drawback of the plantain is its short lifetime on
soils which are not very rich, so that if this plant is
used, the planter must always be careful to plant the
permanent shade trees in time, otherwise it may happen
that when the plantains suddenly bégin to decline, the
cocoa will stand without shade. This is not a rare

1 The banana (often called in South and Central America “bacoba,” *“bacouba,”
““bacove ') is eaten raw as a fruit; the plantain (often called ‘‘bana” or
‘“banana” by the Creole people in tropical America) is only eaten cooked,
roasted or baked.
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occurrence in the cocoa fields of small proprietors in
Surinam (Fig. 387), and the cocoa is often to be seen
greatly damaged by the sudden lack of shade.

In Java the “lamtoro” (Leucaena glauca) is often
used successfully for temporary shade for cocoa and
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x Lamtoro Tree, remaining as permanent shade.

X Lamtoro Tree for temporary shade, to be removed afterwards.
Fia. 38.—Scheme of planting cocoa under the shade of ‘‘lamtoro” (Leucaena
glauca).

The cocoa trees stand atv a distance of 17 feet apart.

coffee. A scheme of planting is given in Fig. 38, and
see also Fig. 35.
Too close planting will give too much shade for the
cocoa, and will result in tall, spindling plants (Fig. 39).
The best time for planting the banana is the time
of the first rains after the dry season, or even the end
of the dry season a month or so before the commence-
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ment of the wet season. It is very advisable at the
beginning of the dry season to fork the places where
the bananas will be planted, in order that the sun and
the air may render the soil loose and friable during the
drought.

The cassava plant (Manihot utilissima) is in many
countries considered useful as temporary shade, but it

Photo..,duguste Curiel.

Fia. 39.—Cocoa grown under too dense shade of closely-planted plantains
(cocoa field of a small proprietor in Surinam).

The little cocoa tree, 5 feet high, has not yet ramified, and is bending towards the light.

is not so suitable for cocoa as the banana. It has,
not without reason, the reputation of rapidly exhaust-
ing the soil, while in stiff clay soils its growth is
poor. It does not act as a soil improver like the
banana, and it is more particular about the conditions
of the soil. In some countries it has the further dis-
advantage of attracting animals which eat the tubers,
as in Madagascar the wild hog, which seems to be able
to cause enormous damage in this way by digging up the
roots of the young cocoa and by destroying the shade.
I
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In many countries, however, cassava is used to a large
extent as temporary shade, especially by the small
proprietor, for whom this plant has a greater household
value than the banana. The cassava cuttings may be
placed three in number round the place where the cocoa
will be planted, at a distance of 1 to 2 feet from this
point.

The pigeon pea (Cajanus indicus) does not appear
to be greatly used anywhere, the reason probably being
that it is not so useful as the banana or the cassava.
It is not eaten in such large quantities, is not such a
daily food, and the gathering is a tedious work which
takes much time. Further, it has no use as a forage
crop, although several authors assert the contrary. In
other respects, however, the pigeon pea is very useful ;
it grows well even under unfavourable conditions of soil ;
it improves stiff and sour soils remarkably quickly ;
and as it can stand very rough pruning without damage,
the exact amount of shade required can be obtained.

Other plants sometimes used for the purpose of
temporary shade are the tannia (species Xanthosoma
and Colocasia) (Fig. 40), and the castor-oil plant (Recinus
communis), the latter, however, never to a large extent.

Planting of inter-crops.—In most systems of
establishing a plantation, the growing of catch crops is
not possible. Other crops cannot be cultivated under
the shade of bananas or other temporary shade plants,
when regularly planted, and this is also the case later
on, when the permanent shade trees have grown up.
Inter-crops, however, come into consideration in places
where no bananas are used for temporary shade, and
the planter will look out for another plant which will
preserve the soil and if poss1ble yield some paying
product.

As soil improvers, leguminous plants belonging to the
order of Leguminosae—e.g. all sorts of beans, peas,
ground-nuts, mimosa, etc.—are always to be preferred
but sometimes plants belonging to other families have
been used with apparent success. On the plantation
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¢ Siloewok Sawangan ” in Java, for instance, the sweet
potato (Ipomaea batatas) is used as a soil-preserver
between cocoa and under the light shade of the “ kapok ”
(Eriodendron anfractuosum) (Fig. 40). The sweet
potato gives no room for weeds, and troublesome grasses
are in particular well kept down. The soil on this
plantation is very fertile, rather heavy and rich in
humus.

Fic. 40.—Sweet potato (Ipomaea batatas) used as a soil preserver for young
cocoa planted under “kapok” (Eriodendron anfractuosum), with tannia for
temporary shade (Java).

The “lamtoro” (Leucaena glauca) (Fig. 85), a few
species of indigo (Indigofera tinctoria and others), the
“rorako” (meocarpum sennoides) and the * roempoet
toeri” or pigeon pea (Clitoria cajanifolia) also suit the
purpose perfectly well.

In Surinam the pigeon pea (Cajanus indicus) would
be suitable, but the dense shade, first of bananas, and
afterwards of the permanent shade trees, make the use
of leguminous inter-crops impossible.

More paying, but not so useful as a soil preserver
and improver, is the cassava. This plant has already
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been mentioned as a temporary shade plant, but it is
considered in different countries to exhaust the soil
quickly. By small proprietors it is often planted
irregularly between the young cocoa and the bananas.
Sometimes lemon grass, ground-nuts, chillies, and (in
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F1c. 41.—Scheme of planting cocoa and ¢‘kapok ” (Java).
The cocoa trees are 17 feet apart, and the ¢“kapok” the same.

some parts of Ceylon) even cotton® are used as inter-
crops, but they cannot be recommended.

It has been a subject of investigation in different
countries whether it is possible to replace the ordinary
shade trees by trees which yield a product of value, such
as rubber (Hevea, Manihot and Castilloa), “ kapok”
(Eriodendron anfractuosum), citrus, and also camphor,
nutmeg, or even coconut trees. In most cases, the

1 Wright, Cocoa, p. 83.
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shade afforded by trees of this kind is not the most
suitable for the cocoa, but practical results have been
obtained in Ceylon with cocoa under the shade of
Par4 rubber (Hevea brasiliensis), while in Java cocoa
is successfully interplanted with “ kapok ” (Eriodendron

R e Ny e )

ST * Rigipeite
(G, s OB S )
¥ X * X ¥ Y17 feet
TN e O N )

* X W X X
/7. feet

@ Cocoa.

K Kapok.

* Dadap.

F1a. 42.—Scheme of planting cocoa and “‘kapok,” interplanted with ¢ dadap”
( Erythrina lithosperma)—Java.

anfractuosum), and also with Castilloa (* Central
America” or “ Panama rubber ”).

Several estates in Ceylon have obtained satisfactory
results by planting cocoa and Hevea, the cocoa and the
rubber being planted from 15 to 25 feet apart, according
to local conditions. The most usual plan is to plant
the trees 20 feet apart, so that there are 100 trees of
each kind per acre. ~With this system estates with
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Pard rubber trees, eight to eleven years old, planted
amongst slightly older cocoa, are now obtaining a yield
of about two hundred lbs. of rubber and the same of

cocoa per acre per year.' ,
Interplanting with Castilloa does not appear to have

® X ® X

: O] s )

12 feet

© X ©®© X

/-4 fee:‘

@ Cocoa (to be kept).

. Cocoa. (to be removed).

X Kapok.

Fia. 43.—Scheme of planting cocoa and ‘‘ kapok.”

In the rows where no ““ kapok ” has been planted, every other cocoa tree is removed when
five years old (plantation ‘‘ Siloewok Sawangan,” Java). .

met with much success in Ceylon, while the Ceara
rubber (Manihot) is considered to be decidedly detri-
mental to the cocoa.’

In Java interplanting with “ kapok " (Eriodendron
anfractuosum) is to be found on many plantations.
Different distances have been adopted, but the best

} Wright, Cocoa, pp. 87-88. 2 Ibidem, p. 93.
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arrangement is when both the cocoa trees and the
“kapok ” are 17 feet apart (Fig. 41). This system is a
profitable one when the climate is not too wet for the
“kapok ”; yields of about 400 Ibs. of cocoa and 300 to
400 lbs. of “ kapok ” are often obtained. The soil, how-
ever, is not sufficiently protected, at any rate when the
cocoa plants are young, and it is therefore advisable to
plant some leguminous crop, as previously mentioned.

as a cover-crop.

If this is neglected, the soil soon becomes spoiled and
covered with grass and noxious weeds.

Instead of a low inter-crop, shade trees may be used;
these must not be allowed to grow too high, and should
remain lower than the “kapok” trees. The “dadap”
(Erythrina  lithosperma) is sometimes used for the
purpose (Fig. 42).

On some plantations the ‘kapok” and the cocoa
are planted closer, 15 or even 12 feet, but the results
seem to be better when they stand 17 feet apart. A
very good scheme is to plant the cocoa trees as
indicated in Fig. 43, and to thin out every other one
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when they are five years old. The cocoa trees in each
row are finally 24 feet apart, while the rows are 12
~ feet apart (Fig. 44).

In Java the author has seen Castilloa successfully
used as an inter-crop (Fig 45). The cocoa trees were
planted 18 feet apart, the Castilloa 36 feet apart; in
some fields the distances are smaller, the cocoa 12 or 15
feet apart and Castilloa 24 or 30, but speaking generally
this is not to be recommended.

Planting distance.—The planting distance varies
in the different countries to a great extent, and in every
country conflicting opinions are met with as to the
best distance. This is not to be wondered at, as every
condition which influences the growth of cocoa—e.g.
the kind of soil, the drainage, the climate, and not
least the shade—influences also the solution of the
problem of distance.

Speaking generally, it may be said that the distance
should be chosen so that a little less space will be
given to each tree than is required for its full develop-
ment. This general rule may at first sight be con-
sidered illogical, as it would naturally be expected that
the distance should at any rate be chosen so that a
full development of each tree is possible. This would
be the case if cocoa were cultivated as an ornamental
tree, when full development would be essential. It
would also be the case if it were a tree which needed
a great amount of sunlight to give its highest yield of -
blossoms and fruit—as, for instance, the orange, the
mango and many other fruit trees. In those cases
each tree has to have sufficient space for the entry of
the maximum amount of sunlight. The cocoa tree,
however, has not these requirements, and forms its
flowers and develops its fruits well even in shady
positions. :

It would therefore be uneconomic to plant the trees
at distances so as to allow a quite free development,
for in this way the highest return per acre would not
be obtained. The yield of each tree is not lower
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if its branches are partly covered by those of its
neighbour.

Photo. Hisgen, supplied by the late Mr. C. MacGillavry.

Fic. 45.—Cocoa and Castilloa (plantation ¢‘ Djati Roenggo,” Java).

The close planting must not, however, be over-done.
It is true that even very closely-planted cocoa trees
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frequently thrive well and give good returns, but the
drawback to this system lies in the difliculty of cultivat-
ing the trees and also, though to a less extent, of
picking the crop. Cleaning the trees of dead or
dying branches, pruning, and removing parasites or
insects (as, for instance, grubs which bore into the
branches) are diflicult operations when the trees are
planted very close together. Accordingly, in places
where a great deal of care has to be given to the trees,
there will be a tendency to plant them wide apart
(e.g. in Surinam), while in countries where cocoa grows
very easily and where very little care is necessary, it is
generally the custom to plant closely (e.g. in Ecuador)
and this without disadvantage. It is clear, therefore,
that general rules cannot be given, and that the right
distance must be found out by the planter himself, as
it will vary according to circumstances. The extremes
are 9 feet and 20 feet, 12 to 17 feet being the most
usual.

The right distance depends also on the growth
of the trees and the dimensions they adopt, and is
therefore affected by all the conditions which influence
this growth. The most important of these conditions
are: (1) the climate; (2) the soil; (3) the variety
planted ; and (4) the shade given.

As regards climate and soil, it may be said that
where the climate is very suitable and the soil very
fertile, the growth will be luxuriant and the distance
may be large; but the author considers 20 feet
generally as the maximum. Wherever climate or soil
are deficient in one respect or other, closer planting
is advisable. As Wright very correctly says: “In
countries where cacao is grown at various alti-
tudes the trees at the higher elevation are rarely
so well developed as those in more suitable climes ;
similarly the growth on cabooky or gravelly soils is
less pronounced than on rich alluvial flats. It is
obvious that the trees, which either in virtue of the
climate or soil, cannot develop a vegetative system as
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large as those growing under more favourable conditions,
will not take possession or protect as wide an area of
land, and can therefore be planted closer together.”*

Thus in Surinam the trees are planted closer on
sandy soil than on rich clay soil; on the latter a
distance of 15 feet is generally considered too small
and 18 feet is preferred, but on the sand 15 feet or
even a little less seems the best distance. In Trinidad
the soil is not so rich as in Surinam, so that the
trees are accordingly planted closer together, and still
closer on ridges and elevations where the soil is poorer
than on flat lands. The distances vary, generally
speaking, from 12 to 15 feet.?

The different varieties develop their branches and
foliage in different ways. The Criollo and pentagona
have often a comparatively weak growth, and accord-
ingly the space required by these varieties, and the
planting distance to be given, are smaller than in the
case of Forastero varieties. The figures of 15 and 18
feet given above for Surinam apply to the only variety
grown there, viz. Surinam Amelonado. In countries
where the finer varieties are grown, especially in
Venezuela, the planting distance is generally smaller,
and Preuss?® states that in that country the trees are
generally planted at a distance of 12 feet, sometimes
less, but very rarely more; and this seems to be a well-
chosen distance. In Java, however, the Criollo makes
strong and big trees on suitable soil and the foliage
system is not thin; but the trees do not spread out
their branches as Forastero does, and 15 feet is generally
considered to be the best distance.

The shade given has to be carefully taken into
account in deciding the planting distance, and
ignorance of this is one of the main reasons why
experiments with the cultivation of cocoa without
shade have failed in so many cases. As will be pointed

1 Wright, Cocoa, p. 65.
2 Olivieri, T'reatise (1903), p. 60 ; Hart, Cacao (1911), p. 36.
3 Preuss, Expedition, p. 229.



124 COCOA CHAP.

out in discussing the question of shade, cocoa requires
in the first place a shaded soil. This shade for the soil
is obtained partly by the foliage of the shade trees and
partly by the foliage of the cocoa tree itself. Therefore,
if the shade trees afford a fairly dense shade, the cocoa
trees may be planted wide apart without injury to the
soil ; but if the shade is light, or if there are no shade
trees at all, the cocoa trees must be planted close
together so as to atford the necessary shade to the soil
by means of their own foliage.

Accordingly, it is not surprising that in Grenada,
where no shade trees are used, the cocoa trees are
generally planted 9 feet, or at the most 12 feet, apart.
So in Ecuador—where, at any rate in the older planta-
tions, no shade trees are planted, though forest trees
are left in clearing the forest—this irregular and light
shade of the shade trees accounts for the fact that the
cocoa is planted there as close as 7 to 9 feet in the
old fields and 10 feet in the new fields. Wherever
experiments are made in growing cocoa without shade
trees or with less shade than usual (e.g. by using Hevea
brasiliensis), it will generally be found necessary to
plant the trees closer than is otherwise customary.

Finally comes the question whether it is advisable
to plant closely with the intention of thinning out
afterwards. So far as the author is aware, this practice
is not adopted in any country to any extent, but it
has its advantages in places where the young cocoa
plants grow easily and do not want much care. It is
clearly an advantage to be able, in the fourth, fifth and
perhaps sixth year, to pick from a greater number of
trees; and it is also an advantage that the closely
planted trees quickly shade the soil. If the superfluous
trees are thinned out at the right time and are not left
standing too long, no inconvenience may be experienced.
Here, however, comes the trouble. It is only too well
known how a planter dislikes to cut down well-developed
trees in bearing, and he is often inclined to leave the
additional trees standing too long, in order to obtain
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a few more crops from them. This eventually ends in
loss, for if the superfluous trees are thinned out too
late, the others which have to remain permanently will
already have adapted their leaf and branch system to
their close quarters and will not again assume their
right form. This is so much to be dreaded, and it
happens so often, that the system cannot be considered
suitable for general adoption.

As has already been pointed out, it is only in
countries where the young plants grow well without
much care and where they are not troubled by animals
or fungus diseases, that a very careful manager, who
will not yield to the temptation to leave the superflu-
ous trees too long, may profit by the adoption of this
system. In Fig. 43 a good system, followed on the
plantation * Siloewok Sawangan ” (Java), is represented.

When the other system is followed and the trees are
from the beginning at their proper, permanent distance,
more care has to be given to the temporary shade
plants, such as bananas, cassava, ete., for it is very
important to keep the soil well shaded and to prevent 1t
being washed away.

Sowing out wn the open field and the nursery
system.— When the plants used for temporary shade are
already grown up so as to afford the necessary shade,
the cocoa can be sown out. With bananas or plantains
the shade will not be sufficient before a year after
planting ; with cassava and tannia, especially when they
are planted fairly close to the cocoa, the shade afforded
may be sufficient a little earlier, say after six months.

As regards the question which is to be preferred,
sowing out in the open field or planting from nurseries,
it may be said that both methods have their advantages
and that local conditions must decide which method
is to be adopted. Speaking generally, it must be
obvious that sowing out in the open field—or planting
at stake, as it is often called—is the simplest, the most
practical, and in many cases the best for the growth of
the young plant. When no special reasons for planting
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out from nurseries exist, it is difficult to see why plant-
ing at stake should not be generally adopted. This
simple and natural method has the advantages that the
plants are not disturbed in their growth, that a free
development of the root system is obtained, and that a
saving of labour is effected.

In many cases, however, when planting at stake is
practised, it is advisable to have a nursery made ready
in order to supply plants in case those in the field
should for any reason fail to succeed. The nursery
system, moreover, is indispensable when the plants
require special care in infancy—for instance, when they
are liable to attacks from animals (insects, rats, ete.) or
parasites, which do not damage the plants after they
have attained a certain height but against which the
very young plants must be protected.

In some countries rats are very troublesome to the
young plants; they destroy them by eating the seed-
lobes, of which they are very fond. In other countries
the mole -cricket (Gryllotalpa) destroys the young
plants by cutting the young stem a little above the
soil, also with the object of eating the seed-lobes. In
the open field such enemies are fought with difficulty,
but in the nurseries precautions can be taken against
them. The nurseries can be protected against rats by
wire-netting, or can be established in a place which is
difficult for the animals to reach. The mole-crickets,
too, will rarely cause serious damage in nurseries, as
their habit is to wander through the fields and pick up
whatever edible plants they find. Still, if these or other
insects are to be expected in the nursery, the plants
can be treated with some poisonous spray (see Chapter
VIIL.). Such preventive means can only be applied in
nurseries, where the plants are all together ; in the open
field, the same remedies would be hardly possible or at
any rate very expensive.

Another advantage of nurseries is that a selection
can be made, the weak plants being rejected and only the
strong ones planted out in the field. This advantage is
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not, however, very importanst, for if when sowing out
in the field three or four good, carefully selected seeds
be placed at every spot, the planter may be confident
that at least one or two plants will be strong enough
and give good healthy trees.

Finally, with some soils—for instance, heavy clays
—there may be an advantage in transplanting a young
tree just at the right season (at the beginning of the
rains after the dry season) in a carefully prepared, well-
tilled place. The growth of the transplanted tree is
then often very luxuriant.

The disadvantage of the nursery system lies in the
damage which the plants often undergo in transplanting
and which may be serious if skilful labourers are not
available; and as it requires more labour, it is more
expensive than planting at stake.

Generally speaking, the best way in most cases will
be to plant at stake and to have a nursery ready for
supplying.

The best season for planting is the season of the
rains following after the drought. Where the soil is
loose and porous, the planting of the seeds may be done
without any special preparation; but when the soil
is stiff, as for instance in Guiana, it is very advisable to
prepare the place where the seeds are to be sown out.
For this purpose every planting place is forked at the
beginning of the dry season over a surface of about 4 to
9 square feet, and it is left to pulverise by the drought
and the rains following it. In this way the soil is made
friable, and the young plant will grow more easily than
in the compact clay soil.

Three or four seeds are generally sown at each spot
where one cocoa tree is wanted, these seeds being placed
at some 12 inches distance from each other. In this
way three or four seedlings are obtained, from which
one can be selected. The young plants are liable to be
attacked by insects, and' in many cases several of the
young seedlings are lost; but if three or four seeds are
planted in this way, there is more chance of obtaining
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at least one healthy plant at each spot. In countries
where the trees have to be carefully cultivated in order
to give a good yield, and where, accordingly, close
planting is avoided, only one tree out of the three or
four is finally left. Where the cultivation is not so
difficult, and the trees do not need to be pruned and
cleaned so carefully, as is the case in Ecuador, the trees
often are all allowed to remain; in this way three or
four trees will grow up together at each spot.

In choosing a suitable site for the establishment
of the nursery, the planter not only has to consider
whether the site will permit a good and strong
development of the young plants, but also must take
care that it is as close as ‘possible to the place where
the plants have to be planted out. When the plants
have to be brought a considerable distance from the
nursery to the field, many of them will sustain damage
to their root-system, and will show a poor growth,
or even die, after the transplanting. It may therefore
be desirable to establish several nurseries on different
parts of the plantation, and this will always be necessary
when a large area has to be planted; one nursery to
every 5 hectares (12} acres) or at the utmost 10 hectares
(25 acres) may be recommended. It is possible, of
course, that labour conditions may make this system
too expensive in particular localities.

The young plant in the nursery must grow up under
shade, at any rate in the first period of growth.
Accordmgly, the nursery may be placed under shade
trees, for instance on a spot near the house or even in
the plantation itself under the shade trees. This
method, though cheap and easy, is not to be re-
commended. The roots of the trees make it difficult to
prepare the soil of the nursery with all the care it
demands, and a still greater drawback is the im--
possibility of regulating the shade under these conditions.
It is therefore advisable to establish the nurseries on
open spots and to shade them artificially.

The next consideration is the soil to be used in the
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nurseries. Of course it must be fertile and friable, but
it is sometimes a question whether light or heavy soils
should be used. The latter are generally preferred,
owing to their capacity for adhering to the roots and
thus allowing the plants to be transplanted together
with a lump of soil. Still there is sometimes an
advantage in a light sandy soil, provided that it is
fertile. The transplanting from plants grown in such a
soil must be done in a different way. In transplanting
from a lieavy soil the object must be to keep a good
lump of earth around the roots, but when transplanting
from a sandy soil the object is to keep the roots intact
wish only very little earth adhering to them. Local con-
ditions help to settle the question, and the planter must
himself find, in this as well as in so many other matters,
which method gives the best results.

The spot chosen for the nursery must be well drained
by making as many small drains as seems necessary ;
they will generally be required at a distance of, say,
30 feet apart, running out into a common main drain.

A thorough cultivation either by hoe or by fork
must be given to the soil to a depth of 9 inches to
1 foot; and whether the soil is heavy or light, an
application of compost or farmyard manure will always
be beneficial. This should be done in the dry season.
When the soil is compact it will pay to go over the
place a second time before the rain comes, and to break
the lumps by means of the hoe. Narrow beds are made,
4 feet broad, and separated by gangways of 1% or
2 feet, to facilitate the work of weeding, watering and
removing the plants.

As has already been pointed out, artificial shade is
preferable to shade trees, and the best way to obtain it
13 to make a roofing of palm leaves, which can be made
denser or lighter at convenience. For this purpose strong
posts 8 or 10 feet long are cut and placed in the soil
at regular distances of some 8 feet. They are sunk
1 or 2 feet deep so as to make good supports 7 or 8
feet high. The posts must be forked at the upper end ;

K
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they bear the horizontal posts, which are fastened to
each other by cord or some strong fibre such as in most
cases can easily be found in the tropical forest. On
this horizontal frame light sticks are laid as a support
for the palm leaves which are used to form the roof.
Almost all kinds of palms can be used for this purpose,
but those with broad and stiff leaflets have the
preference ; and other leaves may also be suitable, if
they are stiff and broad and do not shrink much in
drying. Low shrubs with many ramifications may
sometimes be useful. The only thing to be regarded is
to obtain a roof which will last for some time, and
which can easily be regulated so as to afford more or
less shade.

When the nursery is ready the seeds are sown out
on the beds in rows, both the rows and the seeds in each
row being one foot (30 cm.) apart.

The work tc be done in the nursery after the sowing
out wholly depends on the kind of soil and on the
season. In many cases the nursery will not require
much care, only regular and careful weeding being
necessary.

When the soil is very light, however, it is advisable
to apply manure a second time, namely when the plants
have reached a height of 6 inches and have made the
first pair of leaves. Well-decomposed pen manure or
compost may be applied as a loose layer one or two
centimetres thick on the surface of the beds. If the
season is dry, it keeps the moisture in the soil, and if
rain falls, it adds to the fertility of the soil and helps
to secure a healthy condition and strong growth of the
plants. ‘

On stiff clay soil the same method will be found
useful, but before applying the compost or manure, it
is a good thing to loosen the surface of the compact
soil superficially, either by means of a small, pointed
wooden stick or any other instrument which allows a
prudent loosening of the soil without damage to the
young plants or their roots. This work can, of course,
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only be done when the weather has been dry for a few
days and the soil is not too wet. But even without
this rather expensive labour the application of a thin
layer of compost or manure, when the plants have made
their first growth, is useful on clay soils. It loosens
the surface of the soil, and keeps it loose even after
heavy rains.

During persistent drought, especially in the very
first perlod after germination, watering may be necessary
to keep the plants alive ; but it must “be left off as soon
as it is not absolutely necessary. Rain has a much
better influence on the growth of the plants than water
applied artificially.

Thé methods which have to be followed when
insect pests or diseases have to be fought in the nursery
will be discussed more thoroughly in Chapter VIII. In
many cases, however, no special measures of this kind are
necessary, as the number of fungus diseases and insects
or other animals which attack young cocoa plants is
not great. Still it may happen that a fungus disease,
like the * witch-broom ™’ disease (caused by a fungus,
Colletotrichum luxificum ; see Chapter VIIL), attacks
the plants in nurseries. If this is to be feared, it may
be advisable to spray the plants with Bordeaux mixture ;
and if the disease makes its appearance in spite of
spraying, to remove the diseased parts immediately.

In Surinam the mole- crlcket (Gryllotalpa didactyla)
. —called there “ cotti-cotti” in negro-English, because it

cuts the little stems—can be very troublesome in the
nursery. The number of plantlets killed by these insects
is sometimes very great and the damage very serious.
The best thing to do is to look for the nests, which can
often be traced at places where many plants have been
damaged. The nests must be carefully removed, so as not
to lose the eggs, and must be destroyed. It is also useful
to place flower-pots, closed underneath with a cork, in the
soil with the edge just under the gangways made by the
insects ; in this way a good number of insects may be
caught. The plants are liable to the attacks of this
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enemy only when they are very young, and when the
seed-lobes have shrivelled up and the first three leaflets
have been developed it is no longer to be feared.

Ants sometimes damage the young plants. Though
cocoa is not one of its favourite plants, the parasol ant
(Oecodoma cephalotes) sometimes attacks it when no
other food is close at hand. This is the case in Guiana,
where this ant does more damage to citrus plants
(oranges, mandarins) and coffee plants; but in Trinidad
it is regarded as a very serious enemy of the cocoa. The
only remedy is to destroy the nests, and as the damage
done in a single night may be very serious, it is
advisable to prevent the attack by destroying before-
hand, by means of carbon bisulphide, all the nests to be
found in the neighbourhood and to isolate the plantation
from the surrounding bush and forest by means of deep
trenches, in which water is kept standing as much as
possible.

Another sort of ant is sometimes troublesome in
Surinam to all sorts of young plants. It is a small
reddish-brown animal, and is there called * brand mier,”
which means “ burning ant,” as its bite is rather painful.
It makes small nests situated on the surface of the soil
round the stems of the plants, and attacks the roots as
well as the stems and leaves, biting and sucking the
sap of all young parts. In Surinam carbon bisulphide
has not been effectual in destroying this pest, but
Mr. Wigman, the Director of the Botanical Gardens,
has tried with great success a household medicine,
naphthalin, which he spread on the nests round the
young plants.

In some countries rats and mice are troublesome
in the nurseries, and are not easily got rid of.
Sometimes they suddenly appear in districts where
they have not been seen in large numbers for several
years. Where they are a common plague, it is a good
thing to surround the nursery by wire-netting and to
keep a regular fight against them by means of poison
or carbon bisulphide, as described in Chapter VIII.
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The plants may be transplanted from the nursery
when they have attained a height of 1 to 2 feet.
Every care should be taken not to injure the roots.
When the nursery is on stiff soil, they must be trans-
planted with a good lump of earth, about one foot
in diameter. The plants must be carefully dug out by
means of a sharp spade, with the lump remaining in
its original place round the roots; shaking causes the
root-system to break. It is therefore advisable, 1m-
mediately the plant has been dug out, to envelop the
lump with a banana leaf fastened with dry banana-fibre.
The Javanese workmen are very handy at this work;
transportation even for long distances is managed
without injury to the plants.

When the soil of the nursery is very loose, the same
care is required in digging out, so as not to injure the
roots, but then the earth falls off easily. In these
circumstances the plants are placed with their roots in
water and all the earth is allowed to wash away save
only those particles which adhere very closely to the
roots. The plants should be packed in loose bundles
and kept in a cool, well-shaded place, with their roots
wet, during the transportation. In this case the making
of the holes in the field to receive the plants requires
more care than if the plant is transplanted with a lump
of earth ; the holes must be filled with rich, friable soil,
so as to give the plant, at any rate for its first growth,
a very fertile and loose soil. In the case of transplant-
ing with a lump, a well-forked plant hole of 2 or 3 feet
diameter will serve the purpose quite well.

It is sometimes preferred to grow the plants in the
nursery in pots or baskets. With this method the
transportation from the nursery to the field is easily
effected without injury to the plants, and the planter is
thus enabled to have the nursery at a greater distance
from the field where the plants are to be planted out.
Pots made of bamboo are very convenient. When big,
old bamboo stems of 5 or 6 inches diameter are available,
they may simply be cut into pieces 30 cm. (12 in.) long
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and left intact longitudinally. In the bottom, which
is formed by the partition present at every node of the
bamboo stem, a hole is made in order to prevent the
water from standing in the pot. When broad bamboo
stems are not available, thinner stems may be split and
a pot the desired size is made by tying the pieces by
means of two strings (Fig. 46).

Fi6, 46.—Pots made of pieces of bamboo held together with two strings
(plantation *‘ Getas,” Java).

Instead of pots little baskets may be used (Fig. 47).
In Surinam the plants are brought from the nursery to
the field in their baskets, and are simply planted, basket
and all, at the proper place. This is a very simple and
practical method ; the roots of the young plant are
left wholly undisturbed, and the baskets very soon
decay in the soil, and thus present no hindrance to the
free development of the roots. In Java, however, the
baskets would be a great attraction to white ants, which
after having destroyed the baskets, would be apt to
damage the young plants as well.
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One thing must not be overlooked in placing the
plant in its permanent place; too deep planting must

Photo. Hisgen supplied by the late Mr. C. MacGillavry.
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be carefully avoided, and, as a general rule, it may
be recommended that the plants be placed at just




136 COCOA CHAP.

the same height above the soil as they were in the
nursery.

Layering (marcotting), grafting and budding.—
Grafting, budding and layering (marcotting) experi-
ments have been conducted in several countries, especially
at Experiment Stations. None of these methods has so
far been put into general plantation practice, and there
is no definite information as to how plants propagated
in such manners will be able to resist disease, what yield
may be expected, what age they will attain, etc. As
long as our knowledge is at this stage, budding, grafting
and marcotting of cocoa may be an object of study and
experiment in Botanic Gardens and Agricultural De-
partments, but the time has not yet come to recommend
the planter to apply any of these methods of vegetative
propagation on a large scale.

There are, however, probably some planters who would
like to try these methods and to form their own opinion
as to their advantages and disadvantages. For this
reason the different methods will be briefly described.

First of all, what is the use of marcotting and
grafting, or, in a general term, ‘ vegetative propaga-
tion”? The aim is simply to obtain an offspring which
is wholly like the mother tree.

There is a large group of plantsin which the offspring
is generally different from the mother plant. This is
the group of Aybrids. When, for instance, a Liberia
coffee tree is pollinated by an Arabica coffee tree, the
offspring are hybrids, which have characters both from
the Liberia mother and from the Arabica father; they
are uniform among each other, and more or less inter-
mediate between the two parents. When, however,
we sow out the seeds of these hybrids, we obtain an
offspring which is not at all uniform ; it contains very
different plants, some more like the Liberia grand-
mother, others more like the Arabica grandfather ; but
almost every tree is different, and each contains Liberia
and Arabica characters in a new combination.!

! Some hybrids are ‘‘ constant,” and remain the same in their progeny.
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In such cases, in which a good character of a plant
is not always present in its seedlings, vegetative pro-
pagation is indicated—u.e. grafting, budding, layering
(marcotting) or propagating by means of cuttings.
By these methods twigs of the mother tree are induced
to grow to new trees, which will show very little varia-
tion and be very much more like the mother tree than
her seedlings would be.

This advantage of multiplying by grafting or budding
—viz. the obtaining of trees which have the same good
qualities as the mother plant —is the principal, but
not the only one. It is also advantageous to have a
plantation consisting of trees which not only yield a
product of first quality but also among each other of
exactly the same quality. The fermenting and curing
is easy, for the whole lot of fruits gathered require the
same degree of treatment, and no uncertain results are
to be feared.

(@) Grafting.—A slow-growing, hard-wooded plant
like the cocoa plant always presents more difficulty to
grafting or budding than quick-growing trees with
“soft” wood. The methods of grafting which are usually
recommended, and which give the best results —e.g.
splice-grafting or saddle-grafting—cannot he followed
with such trees; their growth is too slow and the stock
and graft do not grow properly together. With trees
like cocoa and mango the method of grafting by approach
has to be followed. The result, however, is always
more or less uncertain, and is never so satisfactory as
with the splice-grafting or saddle-grafting, which can be
adopted with quick-growing trees.

In grafting by approach’® the stocks must be grown
in pots, baskets or bamboo pots, and the scion is not
cut from the mother tree before grafting, but remains
attached to it. A slice is cut longitudinally from the

. twig, and also from the stem of the stock-plant (Fig. 48).
They are then brought together, the stock being placed

1 Jones, ‘“Grafting of Cacao ” { West Indian Bulletin, viii., 1907, p. 137, and
ix., 1908. See also Agriculture News (Barbados), vii. (1908), pp. 197 and 213.
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for the purpose on a stalk. Grafting by approach will
only meet with success when the stock is still in the
seedling stage.

Grafted trees bear fruit at an earlier age than seed-
lings, and at the Experiment Station at Dominica graft-
ing of ““ Alligator” cocoa (Theobroma pentagona) gave
thirty to forty pods per tree two and a half years after
grafting. This result is certainly encouraging, but it

18 still questionable whether grafted trees would be as

Fic. 48.—Sketch of the method of grafting by approach.

prolific as seedlings in the end, and whether a plantation
consisting of such trees would yield as big a crop as a
plantation consisting of seedlings.

The habit of grafted trees differs from that of seed-
lings. They do not have an upright stem, branching at
3 to 4 feet above the ground, nor the regular branch-
system, but begin to branch a few inches above the
point of union, and generally make an irregular branch-
system.  Such dwarf trees have th<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>