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1. INTRODUCTION

From August 1957 till October 1962 the author was in charge of the agricul-
tural extension work in the southwestern part of West New Guinea, now Irian
Barat, Indonesia. Part of his task consisted of the improvement of the cashcrops
in this area. To accomplish this it was attempted to substitute the papuan nut-
meg, Myristica argentea, by the Banda nutmeg, Myristica fragrans, which species
has advantages over the former, with respect to its marketing value as well as
the size of its market. This work provided the author with an opportunity to
become acquainted with nutmeg, its cultivation and its problems.

From an agricultural point of view nutmeg has always been considered a
minor crop. As a spice its use is limited, whilst climatic conditions restrict its
agricultural possibilitics. This is the main reason that very little has been done
to improve this crop. From a purely scientific point of view, however, nutmeg
as a member of the taxonomically interesting order of the Ranales, is very
important.

Despite its being a minor crop in general, in the centres of its cultivation
nutmeg usually is the only, or at least a rather important crop and one with
serious and interesting problems into the bargain. The main problem when
establishing new areas of nutmeg, as was the case in New Guinea, is the varia-
tion in sex-expression among the trees. Every plantation contains a number of
unisexual male trees - hence as to production worthless -~ and a number of bi-
sexual trees, which bear much less than the third and most desirable category,
the apparently unisexual female trees. As the tree usually starts flowering in its
fifth or sixth year, any possibility of restricting the number of unisexual male
and bisexual trees in young plantations would prevent unnecessary labour and
moreover result in a considerable rise in yield per hectare.

Vegetative propagation, of course, would be the solution to this problem and
various experiments were undertaken in the centres of cultivation. In 1960,
when experiments were under way in New Guinea, it appeared that in Grenada
(West Indies) investigations already resulted into air layering as a practical
although laborious means of vegetative propagation. The experimental meth-
od.s in New Guinea, however, were different, as the possibilities and needs in
this country varied from those in Grenada.

_ Although vegetative propagation is useful for practical purposes, its applica-
tion only evades the real problem, the dioecy of the trees. Before entering the
field of breeding in nutmeg, until now completely untrodden, at least in litera-
ture, the sex-problem had to be studied. Sex seemed to be governed by a genetic
mechanism, but sex classification was not clear. Moreover, only very little was
known of sex-expression in mature trees as compared to young ones. As only
a small part of the author's time could be spent on nutmeg culture, it was de-
cided to gather information on these problems with a view to give them more
consideration later on, The information on the subject accumulated only very
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slowly and was more or less abruptly finished by the transfer of West New
Guinea to Indonesia in 1962,

As the data concerning the sex were but few and incomplete the obvious
method to tackle the problem would have been to combine them with the out-
come of experiments in crossing. But crossing experiments will in any case al-
ways be difficult owing to the five years which have to elapse until first flowering
and, moreover, to the size of mature trees, which may reach a height of twenty
meters and occupy ten square meters.

Fortunately an in 1957 already three-year-old plantation of 126 seedlings
could be interpreted as a crossing experiment. This plantation soon rendered
some significant, although limited results. In addition an other way, which
could be combined with the routine work, viz. the planting of seedlings, was
chosen. These seedlings, resulting from free pollination of various types of
mother trees, were planted as separate progenies and regularly examined. Ac-
curate records of site, sex and performance of the mother trees and their pro-
bable pollinators were kept. But before the last-mentioned work could have been
yielding any results, it was terminated by the transfer of New Guinea.

After his return in 1962, the author was offered an opportunity to study the
data thus far obtained in New Guinea, at the University of Agriculture in
Wageningen, Netherlands. These data suggested a very simple sex classification.
Therefore it was thought worthwhile following it up with a microscopic search
for a chromosomal mechanism of sex-determination. Only little cytological in-
formation on nutmeg and its close relatives appeared to be available. Therefore
it was considered that while there was a chance of solving the sex-problem, or
at least of shedding new light on it, such a study, even if it did not reach its
ultimate agricultural objective, would probably yield a number of facts of
scientific significance. Investigations in this ficld might be the more important
because the Myristicaceae may be considered to be one of the most primitive
living dicotyledonous families.

In the following chapter a survey of nutmeg agronomy in general will be
given, with special attention paid to subjects useful for the other chapters. In
the third chapter a description of the sex-expression and related problems is
given, while in the fourth chapter the cytological investigations will be treated.
Chapter five will be a synthesis of the outcome of all investigations, resulting
in a hypothesis on the mechanism of sex-determination, and the means to test
the latter. A list of references and an extensive selection of the literature on
nutmeg will be found at the end.
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2. GENERAL SURVEY OF NUTMEG AGRONOMY

2.1. INTRODUCTION

This chapter is a general survey of the cultivation of nutmeg in which, of
course, the aspects of nutmeg agronomy which are particularly relevant to the
subject of this publication, will be given special attention. Literature will be
reviewed, mainly in connection with my own observations on nutmeg in New
Guinea. The various subjects are discussed in a somewhat unusual order. The

sequence was chosen with a view to obtaining a short, yet reasonably complete
survey.

2.2. TaxonoMY

The family of the Myristicaceae, to which nutmeg belongs, as a rule is tax-
onomically placed in the order of the Ranales. EAMES (1961) describes this order
as a somewhat heterogenous group of families, held together by the possession
of several primitive characters. His opinion is reflected in fig. 1. He mentions

Schisan, Annon, Laura. Berh.
Degen.
Hlic. Magno. fliman Monim.
Winter. Ambor. Ranun. Cabomb.
£ \ Sarg.
Lact. upsm- Lard. \
Nymph.
Calycan. Myristica.
Pl BN
- ‘-u
- \"\

-~

FiG. I. Chart showing suggested relationships among some ranalian families based on
consideration of all available characters. Omitied are Austrobaileya, Trochoden-
draceae, Tetracentraceae, Cercidiphyllaceae, Ceratophyllaceae, Eupteleaceae, Her-
nandiaceae, Canellaccae, Trimeniaceae, each of which scems to form an independent
line. From *Morphology of the Angiosperms’ by Arthur J, Eames. Copyright © 1961
by the McGraw-Hill Book Company. Used by permission of McGraw-Hill Book
Company.,

two closely related groups, the magnolian line and the lauralian line, and places
ﬂ}e ‘MYristicaceae in, or at least close to the lauralian line, SiNncLAIR (1958) in
his *Revision of the Malayan Myristicaceae” also places the family between the
Annonaceae and Lauraceae, but closest to the Annonaceae.

SINCLAIR (1958) considers Mjyristica the most primitive and also the basic
genus of the family; it has more species than any other genus. He regards New
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Guinea as the centre of distribution of Myristica, where possibly several as yet
undescribed species exist. The Banda nutmeg, Myristica fragrans Hourr,,
however, probably originated in the Moluccas (Indonesia) and owes its wide
distribution as a cultigen under artificial care to man. Myristica argentea
WARB., the papuan nutmeg, originated according to WARBURG (1897) in New
Guinea. [t now occurs in New Guinea both in wild condition and under culti-

0° 135° £
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¥
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e e—e—
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FiG. 2. Distribution of Myristica argentea in New Guinea,

vation, In wild condition the tree is confined to the Bomberi Peninsula of this
island (see fig. 2), the cultivation has spread along the coast. The areas where
Myristica argentea thrives well are now also used for the cultivation of AMyris-
tica fragrans (FLACH; 1958).

SINCLAIR (1958) states that all genera of the Myristicaceae are dioecious except
for the american genus Jryanthera and the african genus Brochoneura. In the
asiatic genera Horsfieldia and Myristica some ‘anomalies’ occur. He describes
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Myristica fragrans as normally dioecious, but also mentions that*male trees have
been known to produce female flowers and fruits.

The african genus Pycnanthus, like Myristica consisting of tropical rain forest
trees, is found in the western part of tropical Africa.

2.3. ECONOMIC IMPORTANCE
2.3.1. Centres of cultivation

There are only two important centres of cultivation. The older is situated
around the islands where Myristica fragrans orginated, the Moluccas in East
Indonesia, with Banda as the main centre. This part of Indonesia, bounded in
the East by New Guinea, is still the most important centre producing the best
quality and — as far as I know - with the highest production capacity.

The second centre of cultivation is the island of Grenada in the West Indies.
Here the cultivation is of a comparatively recent origin, according to WHITAKER
{1947) from the year 1843. As nutmeg and mace are processed very easily
(see p. 22), any small number of trees can yield some profit. This is the main
Teason why there are so many small plantations scattered all over the tropical
belt of the world. These plantings, however, are only of minor importance as
compared to those in Indonesia and Grenada. Only in Ceylon some cultivation
resulting into a small export is found (SWING; 1949).

2.3.2. World production and consumption

Both the fruits of Myrisrica fragrans and of Myristica argentea have an oval
shaped husk (pericarp) of a peachlike appearance. In the husk the actual seed,
the nutmeg of commerce, is embosomed, covered by a fleshy aril, the mace.
When the mace is dried and the shell, the seed coat of the nutmeg, beaten off from
the dried seed, nutmeg and mace are ready for marketing. The weight of the
exported mace usually is one fifth of the shelled nutmeg. Animpression of the
fruits is given in photostat 1.

After the second world war the total world production amounted to some
7000 tons of dried and shelled nutmeg and dried mace. Approximately 60%
of this quantity was produced by Indonesia, the remainder by Grenada. At this
level the production is supposed to cover the demand and sold at what might
be considered a ‘normal’ price.

In 1948 (hese prices for nutmeg amounted to U.S. § 700.—a ton and for mace U.S. $ 1650.-
8 ton. As nutmeg and mace are spices of which as a rule only limited quantities are needed, a
small overproduction may cause a steep decline in price, whereas a small shortage may cause
the prices to soar. A free market of nutmeg and mace is pre-eminently a fulures market, in
Wwhich the producer, here usually a smallholder, often becomes the victim of his ignorance of
market expectations. Indonesia tried to solve this problem by means of government trade, but
in Grenada the solution of a marketing board, the Grenada Cooperative Nutmeg Association
was accepted.

The events around 1953 itlustrase the differences in prices. In this year, when the indcnesian
production was below the average both in quality and quantity, a hurricane struck Grenada,
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destroying about 802/ of the plantations. Owing to the shortage expected, prices soared up o
approximately four times the ‘normal’ price, The Grenada Nutmeg Association used this
period to dispose of its stocks at a favourable price. Around 1960, however, the prices were
already back to ‘normal’, due to an increased production in Indonesia and to unexpected
recovery from damage in part of the old plantations in Grenada. The example clearly shows
the fluctuating prices of nutmcg and mace as well as the protecting function of a cooperative
marketing organisation.

For futther more detailed information see HucHEes (1956) Haarer (1957} and GUENTHER
(1960).

The products of Ayristica argentea, the papuan nutmeg, which are con-
sidered a substitute for the Banda variety, usually feich only about 609 of the
prices of Banda nutmeg and mace. Moreover, a large overproduction of A.
Jragrans will almost put out the market for M. argentea. The production capac-
ity of West New Guinea (Irian Barat, Indonesia) is estimated at approxi-
mately 300 tons of dry shelled papuan nutmeg and 60 tons of dry papuan mace
a year (sec FLACH; 1959).

The products mainly are used to flavour meat, soups, vegetables and cakes.
From defective nutmegs the essential oil is distilled, which seems to have some
uses in the soap and perfume industry. On the average the nuts contain 109
essential oil, the mace about 15% (see HEYNE; 1950),

Analyses of the composition of the essential oil of nutmeg by means of distillation and
refraction can be found in HErRMANS (1926) and Lanpes (1949). HrrMaNs' analyses include
Mpyristica argentea. For a detailed and modern analysis of the essential oil of M. fragrans see
Bemnarowicz and KircH (1963).

Nutmegs and mace contain about 359 fat, which can be pressed out. As it
contains a remainder of essential oil it can be used in the perfume and soap
industry and in confectionery,

As very minor uses of the nutmeg fruits of both M. fragrans and M. argentea, the labrica-
tion of a jelly of the husks and pickled husks should be mentioned. A much demanded
confiture is prepared by means of sugaring the thinly sliced husks of not yet fully ripe fruits,
Sometimes young fruits as a whole are sweetened.

2.4. PRACYICES OF CULTIVATION
2.4.1. General

The methods of cultivation vary considerably in its present centres (see 2.3).
A short description of the practices will be given, first those of the oldest centre
of cultivation, Indonesia, then the methods in use in Grenada and concluding
with my own experiences with the cultivation in New Guinea, the latter in
relation to the old and primitive cultivation of papuan nutmeg. In this short
survey no attention will be paid to the extinguished cultivation in Malaya
(see RIDLEY; 1912 and Mason; 1931), to the many small and scattered plantings
in the tropical belt of the world and to the few european plantations.
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2.4.2. Indonesia

Originally, according to WARBURG (1897) the Indonesians had only little use
for the fruits of Myristica fragrans. Before about 1600 some export took place,
probably to China and India. After the first contacts with the western countries
the tree was taken into cultivation. Before that time the products were gathered
in the forests, especially on Banda and the neighbouring islands. For a further
and detailed account of the early history of nutmeg see WARBURG (1897).

After the second world war (DEINUM; 1949) the manner of cultivation on
Banda still showed every sign of its origin from a forest product. The trees were
irregularly spaced and mainly propagated by the planting of volunteer plants.
The trees usually were cultivated under a dense shade of various forest trees
indigenous to the island. Only a few of the plantations were planted under more
modern conditions, adequately spaced and with only little shade. DEINUM
(1949) mentions only one plantation in which propagation was effected by
means of especially selected seeds of a mother tree with big seeds and a thick
mace,

Under these conditions it took at the very least five and often many more
years before the trees came into bearing. The male trees that produced hardly
any or no fruits at afl usually were exteiminated. The male flowering trees that
bore reasonably well, though still more or less insignificantly as compared to
female trees, were often saved for the purpose of pollination. The plantations
on Banda formerly were in the possession of a few companies, but in spite of
this fact cultivation was quite primitive. The trees on other islands in the eastern
part of Indonesia were in the hands of many smallholders,

2.4.3. Grenada

The cultivation of Myristica fragransin Grenada (West Indies) started, accor-
ding to WHITAKER (1948), in the year 1843 with the import of a few seeds by a
Dutch ship captain. Since then the tree has been planted all over the higher
parts of the island, forming extensive groves with an almost unbroken canopy
(GUENTHER; 1960).

Propagation on this island mostly is done (RUINARD; 1961) by means of volun-
teer plants, sometimes (GUENTHER ; 1960) by means of seeds. In both cases three
Specimens are planted in one hole. After about five years the tree ‘declares its
sex’” by flowering. The majority of the male trecs is then destroyed as useless,
while, if the result is more than one female tree in a hole, the superfluous ones
are transplanted to other sections, where trees are missing (RUINARD; 1961 and
GUENTHER ; 1960).

The cultivation in Grenada has never had any connection with forestry;
shade trees are absent. GUENTHER (1960) calls the cultivation quite primitive,
typically a family industry. Little attention has been paid to selection and the
Propagation of high bearing strains.

Only on the larger estates the less prolific nutmeg trees were cut out from time
to time to provide more room for the remaining trees and to give them better
access to sunshine.
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2.4.4. New Guinea

The cultivation of the papuan nutmeg, Myvristica argentea, started exactly in
the same manner as described for Banda nutmeg in Indonesia (see p. 7).
Originally only in times of high prices, the products were gathered in the forests.
Often the trees were even cut down for that purpose. But Treub already men-
tions the beginnings of a very primitive culture in 1893 (sce JANSE; 1898). Se-
veral old Papuans explained the existence of papuan nutmeg plantings. When
plots were left after the usual shifting cultivation, a few volunteer plants, col-
fected in the surrounding forests, were planted. When after 10-15 years the same
plots were taken into cultivation again, these trees were left. The retarded trees
then started to grow fast and soon gave some fruits. When the plots were aban-
doned for a second time, the trecs were interplanted with other volunteers, In
this way, in the course of approximately 30 years extensive plantations of
Mjyristica argentea came into existence, estimated by me at 1000 - 1 500 hectare,
The trees usually were planted at distances of 3-4 meters, thus forming dense
canopies. In 1957 these primitive, but always very healthy plantations were
still in full production, i.e. as full as possible owing to the close spacing. For
further information see FLach (1959 and 1961).

Around 1936 - just at the time of the investigations of SALVERDA (1939) -
some enterprising people imported seeds of Myristica fragrans from the island
of Banda. The time of these imports may be purely coincidental, but in my
opinion they were instigated by SALVERDA’s (l.c.) investigations. These plan-
tations, situated in the neighbourhood of Fakfak, of Kaimana and on a small
island in the MacCluergulf were used for propagation. All propagation was
done by means of freely pollinated sceds. The method of planting can be des-
cribed as a modification of the planting of Myristica argentea. In a suitable area
the forest was cleared of undergrowth, while in order to retain a light shade the
trees were only thinned out. Scedlings of M. fragrans, approximately one year
old, were then planted. Maintenance consisted merely of keeping the soil around
the trees free of growth and of repeated thinning of the forest trees. After ap-
proximately five years, depending on the growth of the nutmeg, the forest trees
were gradually cut down. The nutmeg thus received the necessary light and room
for full development and the soil between the trees could then be used for inter-
planting with various food crops. Arouad the trees a soil cover of Calopogonium
was started. In this way between 1955 and 1962 more than 200,000 young seed-
lings were planted spaced at 9 x 9 meters, and covering roughly 2000 hectare,
The first of these plantations came into bearing in 1961,

The scanty information obtained after the transfer of New Guinea to Indo-
nesia in 1962 indicates that the planting is being continued.

2.5. CONDITIONS OF CULTIVATION
2.5.1. Climate

 The right climatic conditions for cultivation of nutmeg may be deduced from
the fact that the tree belongs to a family of tropical rain forest trees. According
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to DeiNUM (1949), Myristica fragrans needs a warm and rainy tropical climate
with an average temperature of 25 -730 °C and without any real dry periods.
The average rainfall on the istand of Banda amounts to 2650 mm (+ 100 inches)
in 187 days with rain. The driest months on this island are August, September,
October and November, but each of these months has still ten days with rain
and at least 4 inches of rain. According to DEINUM (1949) the tree does not
thrive at altitudes exceeding 700 meters.

GUENTHER (1960) states that in Grenada optimum conditions prevail at
:_allitudes ranging from 600-800 feet (200-275 meters). In l}\ese areas the rain
15 at feast 80 inches (2000 mm). The coastal plains in Grenada are too dry to
enable cultivation. KEmMpToN (1951) takes the height range in Grenada somewhat
wider, from 400-1000 feet (130-330 meters), whereas according to RUINARD
(1961) the new plantations of nutmeg in Grenada are situated above an eleva-
tion of 300 meters (900 feet), because nutmeg thrives and produces better in
these areas owing to the higher rainfall.

In New Guinea on the Bomberi Peninsula, the centre of origin of Myristica
argentea, the rainfall amounts to 3400 mm {136 inches) in 166 days with rain.
The driest month, December, still shows 226 mm (9 inches)in 10 days with rain,
In this area the daily temperature varies from 23-31 °C as average minimum and
maximum. The relative humidity of the air shows a daily variation from 75%,
to 959, The papuan nutmeg is not found at altitudes exceeding 700 meters
(2200 feet). Myristica fragrans is planted in the same area, and also thrives there.

A second important climatic feature for nutmeg is its susceptibility for strong
winds. This is due to the very superficial Toot system; it is a serious problem in
every nutmeg producing region. Examples are the 1955 hurricane in Grenada
(HuGHEs; 1956) and the 1778 hurricane in Banda (WARBURG; 1897). In 1960
heavy storms in New Guinea severely damaged the old plantations of Myristica
argentea. Generally heavy storms are rare occurrences in the areas where nut-
meg is cultivated. Against normal storms — not against hurricanes — plantings
can be protected by a screen of big and strong trees, suitable for this purpose.

2.5.2, Soil

The soil types on which nutmeg is cultivated are very different. They range
from sands to loams. The best soils seem to be those of volcanic origin {DEINUM;
1949 ang GUENTHER; 1960). My own observations indicate that, provided the
correct cultural measures are taken, the trees also thrive well on the poor soils
It use in New Guinea. The most important feature of the soil appears to be a
high content of organic matter {HEKSTRA and SCHLETTE; 1960).

Stagnant water not only causes poor growth, but in most cases even root rot.

€ soil should, therefore, drain well. If, especially in ¢limates with a high rain-
fall this is not the case, the trees should be planted on slopes, Yet the soil needs
to have a fajr waterholding capacity, especially in climates with dry periods.
The longer and the more pronounced such periods are, the more important
Practices of cultivation, such as shade and soil cover become. Here, of course,
the relative ajr humidity also plays an important role.
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2.5.3. Shade

[t is now generally accepted that nutmeg nceds shade only for young sced-
lings. According to RuiNnarD (1961) it secms more necessary to protect the
plants from a too fast drying and overheated soil than from sunshine. In shade
the plants grow up spindly, while in full sunshine they attain a nice conic shape,

RuUNARD’s (1961) report concerns Grenada. My own observations in New
Guinea, however, are somewhat at variance. Young plants with a well covered
soil are damaged by direct sunlight; they usually die. At an age of four to five
years the plants, if healthy, can do without shade provided the soil is covered.
The young plants need a light and evenly divided shade. The best type of shade
is provided by high growing Afbizzia and Sesbania. The shade should not be
taken away at once, but removed gradually. For this purpose the shade trees
are to be pruned regularly during a period of approximately two years and
preferably at the start of the rainy periods. ’

Older publications such as WARBURG (1897) and Janse (1898) consider a
certain amount of shade necessary for mature trees, although heavy shades as
used on Banda are considered detrimental. DeiNum (1949) remarks that the
practice on Banda probably originated as a protection against the heavy mon-
soon winds. '

Myristica argentea in New Guinea, when mature, is not cultivated under
shade, but always in full sunshine.

2.5.4. Spacing

As nutmeg trees, both Myristica fragrans and argentea, always flower at the
end of the branches, spacing still allowing the necessary light and air when the
trees have reached maturity, is an important feature, The choice of the correct
spacing is the more important because, although a tree may reach its ultimate
size in about twenty years, it can contirue bearing fruits until it is more than
eighty years old. Decisions on the spacing should therefore in the first place be
guided by measurements of the largest mature trees present.

SiNcLAR (1958) describes Myristica fragrans in Malaya as a tree 4-5 meters
high. WARBURG (1897) mentions for the Moluccas an average height of 12-18
meters and a spread of 6-7 meters. He also saw trees to a height of more than
20 meters and a spread of about 10 meters. GUENTHER (1960) mentions about
the same size for the largest trees in Grenada and [ occasionally found such
trees in New Guinea,

Therefore in New Guinea a spacing of 9 x 9 meters was chosen. 1t may be
expected that then the branches of neighbouring trees will never meet, thus
assuring the conic shape and the highest possible production capacity at
maturity. In Grenada (Nicnos and CRUICKSHANK; 1964) the new plantations
show approximately the same spacing.

WARBURG (1897) describes Myristica argentea as a tree of approximately
15 meters height. He probably only saw young trees, because fully grown trees
of M. argeniea should be estimated at a height of 25 and a spread of 10-12
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. meters. During the twenty years of growing the nutmeg trees do not occupy
the entire space reserved for them, which must be considered a waste. Inter-
planting with other crops would be the solution to this problem.

2.5.5. Maintenunce

_The maintenance of young nutmeg plantations is very simple. It consists of
giving the tree all the room it needs in every respect. Above the soil surface the
tree must not be hampered by other plants, while underneath the possibility of
competing roots should be prevented.

The root system of nutmeg usually consists of one tap root, with a web of
shallow growing roots, which underground often reach even further than the
spread of the tree itself above. If therefore nutmeg in its youth stages is inter-
planted with other crops, it should be kept in mind that either deep rooting
Crops are chosen or that the interplanted crops are removed from the neighbour-
hood of the tree before they start to compete.

A soil cover of some leguminous plant, e.g. Calopogonium will keep the soil
moist and cool and besides, it provides the upper layer of the soil with organic
Matter and nitrogen. When the plantation in later years closes up, the soil cover
will retreat to the small open spaces between the trees, leaving underneath the
trees only some shade plants. This is an advantage for the collection of dropped
nutmegs.

Some pruning of the trees is necessary, because they may produce some
watershoots. Both in Grenada {GUENTHER; 1960) and New Guinea the lowest
branches often are removed in order to enable people to pick up fruits under
the trees. In my opinion, this practice is of a very dubious value, as the lower
branches may produce many easily reachable fruits. The practice, however,
may prove necessary when the plantation more or less closes.

2.6. GENERATIVE PROPAGATION

2.6.1. Mating system

Nearly all Myristicaceae are, as already mentioned on p. 4, dioecious.
SINCLAIR (1958) describes Myristica fragrans as normally dioecious. He mentions
that male trees have been known to produce some female flowers and fruits.
Some of such trees were reported to bear only female flowers later on. He him-
self knows of a tree occasionally producing a few male flowers but normally
mostly female flowers and fruits. He once observed a hermaphrodite flower,
but considers this very rare (private correspondence 1958).

The observations of SINCLAIR (1958) concur with my own. I regularly found
bisexual trees. Hermaphrodite flowers (see p. 15) I observed in fixed material
from a tree in Grenada and in material from a tree in Ceylon. In these materials
they occurred only occasionally.

It seems therefore probable that M yristica fragrans should be considered nor-
mally an obligatory cross pollinator. The ‘anomalies’ observed — I myself would
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prefer to call it “bisexuality’ — indicate that sometimes self-pollination may be
possible. For a further and more extensive treatment of this bisexuality see
chapter 3, Sex-expression.

My observations on Myristica argentea indicate that this species is com-
pletely dioecious or, in any case almost completely so. I never found female
flowers or fruits on male flowering trees, but old Papuans told me that male
trees had been known to produce a few fruits, although very rarely.

2.6.2. Flower morphology

JosHi (1946b) describes the inflorescence of Myristica fragrans as an axillary
raceme, but SINCLAIR (1958) considers the flowers to be placed in axillary umbel-
late cymes, which agrees with the description of KoorDERS and VALETON (1896).
The question of who is right has little significance for the subject of this publica-
tion. In the male inflorescence as a rule many flowers in various stages of devel-
opment are found, in the female inflorescence usually two at most. As the in-
florescences are always situated at the ends of the branches, this difference is
detected easily upon superficial inspection of a tree.

All flowers of M. fragrans consist of a three-lobed perianth (fig. 3). Within

J-.")rnm

FiG. 3. The flowers of Myristica fragrans and argentea: a and b male flower of fragrans; ¢ and
d female flower of fragrans; e male flower argentea; f female flower argenrea. For
further explanation see text.
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