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1. INTRODUCTION

The coconut palm is not only one of the most beautiful trees in existence, it is
also the most important perennial producer of vegetable fat in the world; in
Asia, the Far East and Oceania tens of millions of people are dependent on it.
Yet our knowledge of this typical smallholders’ crop is not in proportion to its
importance and the increase in knowledge is slow.

Therefore, when some years ago an unusual discovery suggested the oppor-
tunity to make a contribution which could be of use to coconut research and
lead to a better understanding of the flowers as well as the principal product of
this palm, the coconut itself, this opportunity was not lost and has now resulted
in the present publication.

This study was initiated in 1966 in Peru at the Agricultural University of ‘La
Molina’ in Lima, where the present author was in charge of the national coco-
nut research and development project. As part of a survey of the types of coco-
nuts occurring in Peru, palms from many regions of the country were studied and
their fruits analysed. During the analysis of a consignment of coconuts from the
northern coastal region fruits were found with one carpel less than the normal
nurnber. As a review of the locally available literature indicated that this pheno-
menon was a very uncommon one, about which practically nothing was known
and the Peruvian coconut palms had never been examined before, it was con-
sidered worthwhile to make a detailed study of this phenomenon.

The estate from which the coconuts were obtained was inspected and it
happened that the occurrence of bicarpellate coconuts was not an isolated
event; this made our find an even more unusual one as a repetition of the pro-
duction of such special coconuts had never been mentioned in the literature
available at the time.

Knowing that we had met with very exceptional material, the main lines of the
study were established. Firstly the periodicity of the phenomenon as well as its
pattern of occurrence had to be established to check its relationship to any
specific tree or number of palms and to study possible seasonal tendencies. The
morphological implications of carpel reduction were to be analysed and a study
of the anatomy of such a coconut, especially the endocarp, was indicated. All
these lines of approach were to lead to a theory explaining the reason(s) for the
appearance of these abnormal fruits, in which environmental and genetic factors
were to be taken into account.

Apart from bicarpellate fruits some other abnormalities were met: a few
coconuts with more than one seedling sprouting from the same coconut and
hermaphrodite and other abnormal flowers. Such flowers had been found else-
where but in very limited numbers only. It was a remarkable coincidence to
meet these uncommon abnormalities so frequently in such a limited number of
palms. This led to the assumption that either there was something basically dif-
ferent in the growing conditions of the coconut palms, resulting in an abnormal

Meded. Landbouwhogeschool Wageningen 70-8 (1973) 5



environment, favouring the appearance of many kinds of abnormalities or there
was some kind of link between the abnormal flowers and the bicarpellate coco-
nuts. This was also to be related to the unusual periodicity in production pre-
vailing in the area.

All this had to be studied with material detached from the palm, as the aver-
age height of our palms was over 15 m (50 ft), making it impossible to detect
abnormalities and follow their development in situ. To this traditional handicap
of coconut research was added the distance — 1300 km (800 miles) — from Lima,
the shortage of professional climbers in the area, the scarcity of modern equip-
ment for anatorical research and the limited documentation facilities. These
latter problems have been overcome by concluding the work in the Department
of Botany of the Agricultural University at Wageningen.

In the course of the study it became clear that not only very little was known
about carpel reduction in the coconut but that even the normal fruit had been
studied insufficiently. In order to compare normal and abnormal coconuts, the
former had to be examined in more detail than had been done before,

As a result of this not only our knowledge of the bicarpellate coconut has in-
creased but at the same time an answer has been found to a number of questions
concerning the nature of the normal coconut, specifically with regard to the
‘eyes’ and the compressed locules. Similarly, an attempt at comparative analy-
sis of the abnormal flowers made necessary a more thorough preliminary study
of the normal flowers. Existing descriptions of normal inflorescences were found
not to be in accordance with the morphological characteristics and therefore
were a potential source of misinterpretation.

The answers concerning the morphology and anatomy of the normal fruits
were found mainly thanks to the comparative study of normal and bicarpellate
coconuts, showing once more that a study of teratological cases is not neces-
sarily an exercise in science for iis own sake, because such a study can provide a
better insight into the normal structure and hence lead to an increase in know-
ledge, in this case of such an important plant as the coconut palm,
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2. THE OCCURRENCE OF CHANGES IN CARPEL NUMBER
IN PALMS, WITH SPECIAL REFERENCE TO THE
COCONUT PALM

The Palmae are the only family in the order of the Palmales. The flowers are
usually trimerous. The ovary is superior and usually tricarpellate and the
number of more or less anatropous ovules is normally 3. There are sometimes
more ovules but rarely 1 and usually only one developes. There is no doubt
about the basically tricarpellate nature of the ovary, but from the remark on the
development of the ovules it will be understood that this does not necessarily
lead to a normal tricarpellate and three-sceded fruit.

The coconut palm belongs to the subfamily Cocoideae and this subfamily is
characterized by the 3-celled ovary, the drupaceous fruit, and the woody or
stony endocarp, provided with three germpores; the fruit is usually one-seeded.

The same basic pattern of fruits in Cocoideae provides the opportunity to
compare the change in carpel number in one palm species with other palms of
the sub-family and so to find similarities which may lead to a better under-
standing of the abnormalities encountered in the coconut palm,

DruUDE (1889, p. 20) states that in palms changes in the number of carpels are
rare, that I or 2 can abort and that doubling of the basic number to 6 occurs in
some genera. Also the occurrence of monstrosities with 2, 4 or 5 carpels is men-
tioned. It is interesting to note that the occurrence of only 2 carpels is listed
twice in the text, once as a case of abortion and also as a monstrosity. With
regard to carpel development in fruits of palms it is noted that when only one
ovule develops into a seed, the non-fertile carpels also ‘participate equally in
the formation of the common fruit, of the stony shell as well as the mesocarp’.
(id.p. 23)

In studying the literature on the process of development of the normal fruit of
the coconut palm, the terminology used by some authors appears somewhat
confused. In order to aveid misunderstanding it is considered advisable to
review the terms used in the literature concerning this process to leave no doubt
about the interpretation of the terms used by the present author.

During development from ovary to ripe fruit, the ovule which will grow into
a seed develops more rapidly than the other two and thereby gradually reduces
the space available to those. The ovary wall apparently develops normally. In
the ripe fruit this development of the ovary wall is seen in the 3 ridges on the
endocarp and the exocarp. Remnants of the two partly developed but compres-
sed locules are found, pressed against the inner ovary wall, This process is com-
monly described as abortion of the carpels: BAILEY (1933), MENON and Pan-
DALAI (1958), and EAMES (1961).

This last authors also describes these carpels as sterile, lacking a locule and
‘solid’ for part or all ot their length (EAMES, p. 242). DANIEL SUNDERARAJ (19352)
maintains that this is only an abortion of ovules and not of the carpels. This
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view is correct because the whole structure of flower suggests its tricarpellate
character and the fruit shows that all carpels are present and accounted for.
Davis (1948) and MeNON and PANDALAI (1958) describe cases of development
of more than one ovule into a normal seed, i.¢e. the non-abortion of one or both
of the other two ovules, resulting in a two- or three-seeded fruit and they call
this ‘a condition of polycarpy’ (MENON and PANDALAL, p. 313). This is possible
only if one considers the normal coconut fruit as monocarpic with only one
ovule in the cell, which is not the case.

The above mentioned authors are apparently of the opinion that polycarpy is
‘the development of more than one carpel’ (DAvis, ANANDAN and MENON,
1953, p. 69} and they wrongly apply this to their special coconut. This definition
of polycarpy is not the usval one,

The word ‘polycarpic’ is often used as a synonym for perennial, while ‘poly-
carpous’ is used ¢ither in the same sense as ‘polycarpic’ or for describing a
gynoecium consisting of two or more distinct ovaries (JACKSON, 1953).

Finally ‘polycarpellary’ is employed to describe ovaries of many free or
united carpels, None of these definitions are applicable in the above case and
even if they were acceptable their use here is not recommended, as in a normal
coconut the 3 carpels do develop.

Abortion of the carpels in the coconut palm can be defined as the process by
which the carpels are formed and can be retraced at least to the flower primor-
dium. During development one or more of the carpels do not participate in the
further development of flower or fruit and remain rudimentary, resulting in a
fruit with one or two rudimentary carpel(s).

Fusion of carpels is the process in which the normal number of carpels of
approximately equal size is found up to a certain stage of development of the
ovary or even the fruit. During further development a coalescence of two or
more carpels takes place. Depending on the degree of fusion — partial or com-
plete — the original number of carpels is recognizable morphologically even in
the ripe fruit {partial) or not anymore (complete). In the latter case the fusion
will usually be recognizable as such by anatomical analysis of the fruit.

Reduction of carpels is used to describe any appearance of fruits, composed
of a number of carpels which is, morphologically, less than normal. The process
by which this reduced number came about may have been either abortion,
fusion or ‘original reduction’. By “original reduction’ is meant a differentiation
of the primordium tissue into a number of carpels, less than usual for that par-
ticular species.

To avoid misunderstanding ‘reduction’ will be used only for cases of ‘origi-
nal reduction’ as defined above. ‘Decrease in the number of carpels’ will be
applied to all instances in which morphologically the number of carpels is less
than normal, regardless of the process by which this lower number was reached.

It goes without saying that the two main types of carpel number changes are
a decrease in number on one hand and an increase in the number on the
other.

First of all it is worth noting that, compared with other abnormalities in the
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coconut palm, changes in the number of carpels are rare. In their extensive
treatises on the coconut palm authors like HUNGER (1920), Sampson (1923),
COPELAND (1931), PaTeL (1938), REYNE (1948) and CHILD (1964) give more or
less ample attention to abnormalities of the flowers and fruits but they do not
even mention changes in the number of the carpels.

2.1. INCREASE IN THE NUMBER OF CARPELS

Unusual increases in the number of carpels in palms have been found on
various occasions. CORNER (1966) observes that occurrence of ovaries with 4, 5
and 6 carpels, reminiscent of the multilocular ovary of Phytelephas is not in-
frequent and cites as examples several species of Attalea, Cocos, and Orbignya.

Davis (1966) mentions the appearance of additional hornlike carpels in coco-
nut palm, areca palm (Areca catechu 1.) and palmyra palm (Borassus flabellifer
L.). When these additional carpels, mostly three in number, fuse at an early
stage of development with the original carpels of the ovary, this may result in a
syncarpic fruit with 4, 5 or 6 carpels, depending on the degree of fusion. Also
flowers with a number of underdeveloped carpels between 4 and 8, instead of a
normal tricarpellate ovary, occur.

In one particular case the fruits of an areca palm showed an additional carpel.
Davis also refers to a horn on a palmyra fruit which is presumably a carpel.
Moreover, in the date palm (Phoenix dactylifera L.) a case of one specific fruit
and flower with nine carpels is mentioned by him. The normal number in this
palm is 3.

The best known example of an increase in carpel number in palms is the ab-
normal fruit type occurring in the African oil palm (Elaeis guineensis Jacq.) and
known both as ‘Poissonii’ and ‘diwakkawakka’, where 6 additional carpels
surround the main parts of the fruit as fleshy outgrowths (HARTLEY, 1967). The
character is inherited and appears with a frequency of approximately 1:10.000.
There is a similarity to some of the horns found in coconut, although ‘horns’
of diwakkawakka are usually as long as the fruit and the character is stable
whereas in coconut the horns are usually small and the character is mainly un-
stable, except for the case described by PETCH (1924, p. 21}, who adds to his des-
cription: ‘Some palms never bear anything but fruits of this character’. How-
ever, 4- or 5- carpellate syncarpous ovaries do occur in the oil palm as rare ab-
normalities, very rarely resulting in 4- or 5-seeded fruits.

A palm, in which an increase in the number of carpels seems to be a frequent
abnormality is Sabal palmetto, belonging to the Sabaleae (Coryphoideae). Ac-
cording to BoscH (1947) such an increase in carpel number occurs in some 209
of all female flowers. It is not known whether the particular inflorescence ana-
lysed by Bosch was abnormal or that all inflorescences of this species show such
a high proportion of abnormal flowers. The abnormal flowers were mainly con-
centrated in the lower part of the inflorescence.

Returning to specific examples of increases in the number of carpels in the
coconut palm, we find that Forges (1879, p. 193) mentions the occurrence of
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coconuts in the Cocos Keeling Islands ‘with cells ranging from 4 to 8 to 10"
Even a case of a “14-celled coconut, in which the embryo in each cell germinated’
(1), is recorded by him. He illustrates his description with a sketch of the tree
developed from this coconut. It had 14 siems, united at the base (id., p. 194).

The case of the hornlike structure in coconut described by CHANDRASEK-
HARAN and DANIEL SUNDARARAJ (1950) implies the presence of additional
carpels in coconut, from ‘twin’ or ‘double ovaries’. The coconut is normal and
tricarpellate and the horn also consists of three layers, including a solid endo-
carp. The number of carpels therefore is more than 3, although the authors
neither describe the number of carpels of the hornlike structure nor that of the
‘twin’ ovaries.

MEnON and PANDALAI (1938) apart from citing the cases of increase in carpel
number described above, record an increase to 4 carpels as an abnormality and
refer to observations by Davis of carpel numbers from 4 to 10 in young coconut
fruits.

With respect to the cause and origin of the appearance of the additional
carpels in flowers and fruits of palms the observations of BEIRNAERT (1935),
BoscH (1947), CHANDRASEKHARAN and DANIEL SUNDARARAJ (1950), and Davis
(1966) are of interest.

BeIRNAERT (1935, p. 1096) observed various stages of modification of the
androecium into carpels. This is the case with ‘diwakkawakka’ in the African
oil palm, where the additional carpels have developed from the rudimentary
lobes of the androecium. BoscH (1947, p. 54-55) found that the increase in the
number of carpels from 3 to 4 in Sabgl palmetto, - an increase, which is accom-
panied by a reduction of the number of stamens from 6 to 5 — is caused by the
replacement of a stamen by an additional carpel. Here it must be mentioned that
in this paim the flower is normally hermaphrodite.

On the other hand CHANDRASEXHARAN and DANIEL SUNDARARAJ (1950) found
that the additional carpels of the horned coconut described by them, are the
result of the development of a second ovary, though no information is provided
on the possible origin of that ovary.

Davis (1966, p. 318) locates the 3 additional free carpels in some coconut
fruits between the ‘papery ring’ and the ovary, which means that this is not a
case of a modification of the staminodal ring but, according to him, ‘a duplica-
tion of gynoecium segments’. Also in some areca fruits he found that the extra
carpel developed from ‘below the ring of staminodes’, again an example of
carpel development not based on staminodal origin.

Summarizing, supernumary carpels are to be found in coconut and other
palms as abnormalites. These originate from either a duplication of gynoecium
segments, which may possibly include the aforementioned ‘twin’ ovary, or from
a modification of the androecium. Increase in the number of carpels in palms is
usually an abnormality and in most cases of a rare and unstable occurrence.
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2.2 DECREASE IN THE NUMBER OF CARPELS

The other type of change in the number of carpels in palms is a decrease.
While references to the increase of carpel number in palms can be considered
as being few and sporadic, information on decrease in carpel number is even
less. This is undoubtedly due in part to the fact that decreases in carpel number
are less conspicuous than increases in these and their external results. One’s at-
iention is more easily drawn to the presence of an abnormal additional struc-
ture than by a fruit, which at first sight appears to be normal.

Furthermore, there are only three possible decreases in carpel number, from
3 to 2, 1 and 0, whereas the number of additional carpels is theoretically almost
unlimited.

Last but not least, while we have seen that an increase in carpel number may
have its origin either in a female development of androecium rudiments or in a
duplication of gynoecium segments, in the case of a decrease of carpel number
there is basically a partial or complete suppression or fusion of gynoecium seg-
ments only.

In the summary of cases which follows, we have distinguished between a
decrease in number of carpels appearing as a normal characteristic in certain
palms and the decreased number which occurs as a deviation from the normal
process. It is interesting to mention in summarized form the decreases in carpel
numbers which normally occur in some genera of palms so as to be able to
draw comparisons with the teratological cases of reduced carpel number in
others.

Drupk (1877) has given a classification of palms, based mainly on the devel-
opment of carpels and ovules, He records an early abortion of two carpels in
Geonoma, where at receptivity of the female flowers only one carpel with basi-
fixed style is seea. The other two carpels are present in the very young fower
but do not develop except for their part of the common style and stigma.
WESSELS BOER (1968) describes in deiai! this abortion of two carpels, just before
anthesis of the female flower, in the gynoecium of three genera of the Geonoma
tribe, i.e. Geonoma, Taenianthera, and Kalbreyera. This abortion is the normal
procedure in these genera and is recorded throughout. Remants of these two
aborted carpels are frequently present near the base of the fruit.

According to DRUDE (1877), abortion of carpels takes place in Chamaedorea
at a latter stage than described above. At fiowering a tricarpellate syncarpous
ovary is present; one ovule becomes functional and the carpel developes. The
other two carpels do not develop at all, wilt (*welken’ — DRUDE) and are not
found back on the ripe fruit.

In the Cocoideae the next step is the ‘elimination’ of two of the carpels which
is initiated late and progresses so slowly that it is not completed.

The abnormal decrease in carpel number in palms has been recorded very
infrequently. In the coconut palm such cases are relatively numerous.

WRIGHT (1869, p. 455) describes a case of a tree in the Seychelles producing
very few nuts, ‘all bicarpellate, but without a development of the hard shell and
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showing only two edges on the fruit’. This was the only case in some 180.000
palms. These bicarpellate fruits did not develop normally as there was ‘a false
development between the carpels, redividing the nut into two’.

CosTeERUS and SmiTH (1923b) describe two cases of apocarpous coconuts, one
of which possibly had only two carpels, as only two of the cells are present. One
of the figures, accompanying an earlier publication of the same authors (1923a,
p. 26-27, fig. 23) possibly represents a monocarpic fruit but the description is
confusing,.

Davis and MENON (1953, p. 142) are the first to describe a bicarpellate female
flower, appearing in the terminal(!) inflorescence of a midget coconut palm
developed from a dwarf palm fruit. This bicarpellate flower consisted of an apo-
carpous ovary with two carpels appearing as two hemispherical bodies, sur-
rounded by the perianth.

As no remarks are given on the number of bracts, bracteoles and perianth
leaves of this particular flower we presume that this was normal.

It is quite possible that the Cocos nucifera var. praecocifiora Becc., described
by BECCARI (1916) is identical to the midget coconut palm and even maybe
‘praecociflora’ also had a reduced number of carpels of its female flowers, but
as this ‘variety’ was only based on a drawing in the Museum at Kew it is un-
known whether the flowers were normally developed or not.

CostERUS and SMiTH’s (1916) specimen of a midget palm reached them with
all its flowers shed. Other such midget palms, all with terminal and sometimes
cxtra axillary spadices have been reported: Rao and Sussian (1954), THOMAS
and VERGHESE (1964); but no observations on the nature of the flowers are
given. Flowers of the midget palm, described by Gapp (1924) had an ovary
with three carpels, fused at the base but free at the apex.

MENON and PaNDALAI (1958, p. 313) describe bicarpellate and even mono-
carpic fruits. Of the bicarpellate coconut they provide the following details: ‘the
endocarp of the fruit has only two ridges and each carpel is indicated by a
separate eye’

A yet unpublished article by Davis (1970), apart from reviewing a number of
his earlier findings and presenting many data on the variation of carpel number
in fruits of many palm species, contains information on two particularly inter-
esting cases of decrease in the number of carpels from 3 to 2 in coconut. Both
concern coconut palms in Calcutta but apparently the palms are not related. In
more than one inflorescence these two palms produced both normal and bicar-
pellate fruits. When the first palm was killed by a cyclone it had produced,
during approximately 14 year under observation more than 179 bicarpellate
fruits. The second coconut palm, of recent discovery, already shows more than
36 % of such abnormal coconuts, including young fruits. But this is, apart from
our own findings, where records of decrease in carpel number in the coconut
palm end.

On reduction in carpel number in other palms as teratological cases, the
information is, as we mentioned before, very scant indeed.

12 Meded. Landbouwhogeschool Wageningen 70-8 (1970}



BEIRNAERT (1935, p. 1102) has made very interesting remarks on the flowers
in androgynous inflorescences, sometimes occurring in the African oil palm: all
stages of transition between male flowers with rudimentary gynoecium and
hermaphrodite flowers with normal stamens and carpels occur, including her-
maphrodite flowers with one normal and two rudimentary carpels and also with
two normal carpels and one rudimentary. He considers hermaphroditism in
this case as an intermediate stage between the physiological male phase and the
physiological female phase. No information is given on whether these herma-
phrodite flowers with an ovary composed of one or two normal carpels finally
resulted in fruits with only one or two normal carpels.
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3. THE BICARPELLATE COCONUT PALMS, AS
FOUND IN PERU

3.1 DESCRIPTION OF THE REGION, PLANTATION, PALMS STUDIED AND THEIR
HISTORY

The coconut palms studied, which produce relatively high numbers of bicar-
pellate coconuts are located in Peru, in the Department of Piura. In this
Department approximately 1,000 ha (2,600 acres) of coconut palms are planted,
the largest area in Peru. It is situated between 4°-6°S and 79°-81°W, is bor-
dered by the Republic of Ecuador and the Department of Tumbes on the north
and the Pacific Ocean on the west. To the south and east respectively lie the
Departments of Lambayeque and Cajamarca. (fig. 1).

According to Tost (1960), following the Holdridge classification?), the most
important ecological zones of the Piura Department, from the Pacific Ocean
inland are: subtropical desert, tropical desert, tropical desert bush and tropical
thorn forest. This last ecological zone, hot and semi-arid, is found in Peru only
north of latitude 7° S. It is enclosed by tropical desert bush in the west and the
subtropical thorn forest on the slopes of the Andes in the east. It occurs from
approximately sea level up to 450 m.

Fic. 1. The Department of Piura, Peru.

The average anr&xl temperature is over 23° C, but because of the influence of
the Ocean nearby, the temperature does not reach extreme values in any single
month of the year. Rainfall does not exceed 100 mm per year and is limited to
the summer months, January to April, with the largest amount in February and
March. The data given in table 1 define this type of climate in more detail.

1) HOLDRIDGE, L. (1947), Sci., 105: 367-368.
14 Meded, Landbowwhogeschool Wageningen 70-8 (1970)



TarrLe . Meteorological data; averages of the periods October 1960 — September 1963 in-
clusive and November 1966 — March 1969 inclusive*

Station: Chilaco Latitude: 4° 43’ 8
Altitude: 103 m above Longitude: 830° 31" E
sea level
Month Max. temp, Min, temp.  2-hr.ly Rainfall Daily Relative
in °C in °C temp. in mm sunshine hum. in %
in °C.
January 344 21.1 26.5 9.8 6h.29" 65.6
February 35.4 2.5 273 15.9 6h.39" 64.5
March 35.2 21.5 26.9 20.8 6h.25" 70.9
April 344 19.0 25.7 8.8 Th.16 71.8
May 323 17.6 23.7 0.5 Th.27 724
June 29.3 15.9 20.8 0.0 6h.52" 73.9
July 28.3 15.6 19.8 0.0 6h.40" 75.2
August 30.1 159 20.9 0.0 8h.04’ 73.5
September 311 16.2 220 04 7h.50" 72.5
October 315 16.5 21.7 Lo 7h.22 75.8
November 315 16.7 222 0.0 Th.127 71.7
December 33.2 19.0 243 0.5 7h. 40" 70.0
Total 386.7 216.4 281.8 57.7 85h.36" 857.8
Mean 32.2 18.0 23.5 4.8 7h.08" 7L.5

* Due to malfunctioning and later non-functioning of the station no data are available for the
period October 1963 — November 1966. As this station is the only one located in the vicinity of
‘La Solana’ its data are preferred to those of stations with more data but at a greater distance.
For more details see chapter 6, paragraph 2 and appendix no. 1 and 2,

It is obvious that this climate is quite unusual for the latitude at which it is
found. Both the annual and the daily variations of temperature are very large
for a region so near to the Equator. The number of hours of sunshine is high,
which is ideal for coconut growing,

The soils vary from sands to loamy sands, whereas in the river valleys a sandy
loam is found. One of the subdivisions of the Department of Piura is the Pro-
vince of Sullana, part of which is the district of Lancones. In this frontier
district which is difficult to reach and sparsely inhabited the plantation ‘La
Solana’ is situated. The total area of *La Solana’ is some 5,000 ba (appr. 13,000
acres) of which only 160 ha (415 acres) are under cultivation. This is due to the
fact that on one hand the terrain is sloping and the cost of bringing irrigation
water to the higher parts is prohibitive. On the other hand the amount of irriga-
tion water which the estate is allowed to draw from the rivers also limits the

! Legally the plural ‘plantations’ should be used, as the estate *La Solana’ was spiit up after the
death of the father of the present owners into ‘Solana Alta’ and ‘Solana Baja but for our pur-
poses the estate is one unit.
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area under cultivation. The highest point in the estate is 95 m above sea level,
the lowest 65 m, near the river Chira.

‘La Solana’ exists as a thriving agricultural enterprise because of the river
Alamor which forms the frontier beiwcen Ecuador and Peru, and the Chira,
forming the northern and eastern boundaries of the estate (fig. 2).

Main activities are the culture of bananas, oranges, limes, mandarines, man-
goes and coconuts. Rice cultivation and cattle farming are also practiced. Coco-
nuts are classified as fruits, since up till recently in Peru the produce of coconut
palms was sold exclusively as fresh husked nuts and no conversion to copra,
desiccated coconut or other products was practiced.

The area of the plantation dedicated to coconut growing is small. The total
number of coconut palms in production at the start of this study was nearly 300.
These palms belong to the tall type of coconut palm, also called the ‘group of
allogamous varieties’ (FREMOND et al., 1966), which implies that natural self
pollination is probably very low. A few dwarf palms are in production on the
estate. '

Another detail of importance to our investigation is the fact that there are no
other estates where coconuts are grown for a radius of 20 km, except for a small
number of palms some 6 km from the most southern extreme of the estate, but
these have been planted recently and are not yet in flower. Because no artificial
pollination has ever been practiced, it can be stated with absolute certainty that
all palms on the estate occurred without any foreign pollen.

Moreover it should be mentioned that the palms belong to three more or less
distinct age groups (see table 2). The oldest group of palms, now about 95 years
of age and still in production, has provided the seed for the second age group,
while this in its turn has been the seed producer for the first part of group 3.

The origin of group ! is unknown, but most probably these palms originated
from seeds or seedlings of Ecuadorian origin. Local elders, of about the same

Solana Baja
Do e

LEGENDA

SCALE APPROX  1:20 004

————— Limits of coconut plantation
ooooo Individual coconut palms
== Road

1 Palms of group 1
2 Palms ol group 2
3 Palms of group 3

FiG. 2. The haciendas *Solana Alta’ and 'Solana Baja’.
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TaBLE 2. Coconut palms of ‘La Solana’, classified according to age

Age Number of Years Approximate Origin
group palms planted age
1 16 (SB)* 18731875 94-96 years unknown,
probably
s. Ecnador
2 6(SA) + 51 (SB) 1924-1926 43-45 years group 1
=57
3 222(S5A) + 1 (SB) from 1937 15-32 years group 2 and group
= 223 to 1954 3 (see text)

1 8B ‘Solana Baja’
SA:‘Solana Alta’

age as the first generation of coconut palms, say that it was known at that time,
that the grandfather of the present owners returned with the seeds or plants
from his trips to southern Ecuador, but this is hearsay evidence. No written
data are available. The palms are among the oldest, if not the oldest, in Peru.
The age of this group could be established within reasonable narrow limits by
counting the number of leaf scars on the trunk of one of the palms which died.
Group 1 originally consisted of 20 palms, but 4 have died, the last of these in
1966.

The palms are planted in a row and are located in a part of the estate which
has been used for rice growing for at least the last 25 years (see map, fig. 2). This
means that they are practically flooded for 6 months of the year, but do not
receive any water other than the very sparse rainfall during the next 6 months.
Due to their advanced age the upper part of the trunks are thin, Birds had nested
in the trunks and some of the palms were already inclining dangerously. Under
these circumstances harvesting was out of the question, because of the danger
involved,

The 57 palms in the second age group are dispersed throughout the estate,
but the majority is situated in rice fields in what is now ‘Solana Baja’. There is
also a grove of coconuts and mangoes which borders the rice fields. The reason
for this dispersion is that originally the palins and mangoes were planted pri-
marily to provide shade for the cattle and only later their productive capacity
was taken into account. The height of the palms of this generation is now 20-25
m and they are of no further use as shade trees. The area in which 6 palms of
this group in ‘Solana Alta’ are located is still pasture, maintained by flood irri-
gation. : .

The third and most numerous age group consists of 223 palms in production.
Only one of the palms within this classification is situated in an isolated posi-
tion in the “Solana Baja’ estate. The other 222 palms form a single plot in the
hacienda ‘Solana Alta’ (see map, fig. 2). This consists of two parts which are not
easily distinguishable. The north eastern side of the strip was planted some 30—
32 years ago and comprises about 2/3 of the group, while the last 1/3 was
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planted 15-25 years ago. This was done gradually, extending the strip in south
westerly direction. Seed from the second group of palms was used to plant the
first part of this group and these palms are certainly third generation. The seed
used for the younger part of this group has been taken from palms belonging
to both the second and the first parts of the third group.

This third group in ‘Solana Alta’ was planted in a strip, which varies in width
from 2-8 palms. The distance between the palms is approximately 8 m in a
square. This group was planted for the purpose of coconut production. The
soil here is sandy loam, detailed information on which is given in table 3. The
palms have never received any kind of natural or artificial manuring and are
irrigated with water from the Chira river. At a distance of some 100 m from age
group 3 nine dwarf coconutpalms are in production. They were originally im-
ported from Ecuador. During the period of observation these palms were also

“harvesf®d and their coconuts analysed but no abnormalities were found. The
production of these trees is excellent, with an average of about 175 coconuts/
tree/year.

Except for signs of old age which have already been described briefly in the
palms of age group 1, the external appearance of nearly all the palms studied is
good, They have healthy crowns of 20-22 fully developed leaves and trunks un-
damaged, except for superficial marks caused by the iron hooks used as support
by some climbers. They also have well-developed rootsystems with roots
spreading to 6 m from the trunk and to an average depth of 4+ 1.50 m.

3.2. METHODS OF COLLECTION AND ANALYSIS OF MATERIAL

As explained in chapter 1, the original purpose of this study was to determine
only the extent of the occurrence of bicarpellate fruits. Later on when studying
its causes the relationship with other unusual phenomena was taken into ac-
count.

The basic information collected was therefore the production of coconuts per
tree and their classification as normal or bicarpellate. The percentage of bicar-
pellate fruits per tree and whether these were produced in separate inflorescen-
ces or even trees was noted. This information was combined with data on the
colour of the exocarp of the coconut and the age group to which the palm
belonged.

Harvesting frequency in Piura is usually only once a year, but in a few estates
it is twice. This is rather unusual as the coconut normally produces one leaf, one
inflorescence and one bunch of ripe nuts per month, thereby theoretically per-
mitting monthly harvest. Usually to save labour, in other coconut growing
countries the number of pickings per year is 3 to 6. This low frequency of
harvest will be discussed in more detail in chapter 6.

Harvesting at ‘Solana Alta’ was carried out twice annually, in April and July-
August, but at ‘Solana Baja’ only once in October-November, after the rice
harvest. As the owner of ‘Solana Baja’ did not permit harvesting as long as his
rice was in the field, harvesting there was restricted. In “Solana Alta’ the number
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of harvests was increased to 3 times a year for this study: April, July—August
and November—December; this was done from July 1366 to November 1968
inclusive, giving a total of nearly 3 years of record.

Palms producing bicarpellate coconuts were numbered and their production
registered per bunch or infrutescence. This registration of bunch yields of
numbered palms was maintained throughout the period of observation. All
palms were harvested at each collection and their fruits examined for the pre-
sence of bicarpellate coconuts, but no production records were established for
unnumbered palms.

Whether a fruit was normal or bicarpellate was usually easy to see. A normal
fully developed ripe coconut of the type produced in ‘La Solana’ is somewhat
globosely three-sided in shape and shows three ridges clearly, meeting at the
apex of the fruit where they form three small knobs. In the bicarpellate fruit only
two ridges and two knobs are found and the coconut is not globose and three-
sided in shape, but more or less ellipsoid. After having seen a number of bicar-
pellate fruits it was easy to distinguish between these and normal ones by their
external appearance. Random samples were taken and coconuts were husked
to check the number of ‘eyes’, which nearly always corresponded to what had
been determined on the basis of external characteristics. An exception was found
in one particular case, to be described in the next chapter, in which details on
the morphological differences between the two are given.

Ripe normal and bicarpellate coconuts were sampled to determine their
physical characteristics and commercial value and to compare them to other
types known in the world. These data include weight, volume, both of com-
plete and husked fruits and weight of copra.

It is important to define exactly what is understood by ‘ripe fruits’ as har-
vesting takes place at various stages of ripeness and this naturally influences
weight, volume etc. A coconut was considered ripe when the endosperm liquid
could be heard to slosh when shaken. In addition the colour of the exocarp
started to change as the husk dried out, producing brown to greyish-brown
patches which covered approximately 1/4-1/3 of the surface. This is approxi-
mately 12 months after pollination.

To investigate the phenomenon of bicarpeliate coconuts and its cause(s) it was
necessary to study the flowers, especially the female ones; therefore inflorescen-
ces were collected and analysed. Unfortunately it proved to be impossible to
study the inflorescence ‘in situ’ as climbing the tree was attempted without
success. This handicap did not facilitate the study of flowers; complete absence
of facilities of nearly every kind in the area, combined with the difficulty of
bringing down an opened spathe in one piece led us to study the flowers mainly
unopened spadices, which were relatively easy to transport over great distances.

Apart from flowers and fruits, root tips were also collected for chromosome
countings. Both normal and bicarpellate coconuts were left to sprout in the
greenhouse of the Agricultural University in Lima; roots were collected one
month after the external symptoms of germination had first been observed.
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3.3 DATA OF PICKINGS IN 1966—1968 INCLUSIVE: NUMBER OF COCONUTS,
RELATIVE FREQUENCY OF BICARPELLATE COCONUTS, TYPE OF COCONUTS AND
DISTRIBUTION OF BICARPELLATE COCONUT PRODUCING PALMS WITHIN THE

PLANTATION

Although harvesting of the palms was difficult, it was carried out as systema-
tically as possible under the circumstances.

3.3.1. Number of coconuts, per harvest and per palm

In table 4 production data are given of those palms which produced also bi-
carpellate coconuts, from both age groups 2 and 3.

The following additional information is necessary to complete the picture.
In the case of such a low frequency of harvesting, it is normal for some ripe
coconuts to fall off before harvesting. Others are picked between harvests for
direct liquid consumption. The fallen coconuts are usually collected and coun-
ted at harvest, though some are stolen. As the coconuts collected between
harvests were stored in one heap, they could not be traced to any specific palm.
Their number was checked to obtain an idea of the percentage of unrecorded
coconuts. From these data and taking into account direct consumption and
theft, approximately two coconuts/tree/ycar should be added to the production
records presented in table 4. This holds true for all other tables where produc-
tion data are given.

Bicarpellate fruits were also found among coconuts collected between har-
vests, but naturally it was impossible to say from which palm they had come
and therefore they were not taken into account. Their number varied from 0-3
per harvest. ‘

In table 4 it is shown that the number of palms producing one or more bicar-
pellate coconuts amongst many normal ones does not increase very much during
the period of observation,

TaBLE 4. Results per harvest of bicarpellate coconut producing palms, July 1966-November
1968 inclusive, age groups 2 and 3

Date of Nr.palms Normal Bicarp. Totalnr. Av, Ay, Ay, all
harvest harvested  fruits fruits fruits/ normal  bicarp. fruits/
tree fruits/ fruits tree
tree tree
30. 7.66 15 310 34 344 20.7 23 229
4,11.66 16 29 el 31 1.8 0.1 1.9
15. 4.67 18 427 1t 438 237 0.6 243
20. 7.67 18 856 2 858 47.6 0.1 47.7
20.12.67 18 229 0 229 12,7 0.0 12.7
18. 4.58 18 305 6 311 16.9 0.3 17.3
31. 7.68 13 623 7 630 4.6 0.4 350
21.11.68 18 38 0 38 2.1 0.0 2.1
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In July 1966 15 palms were found which also produce bicarpellate coconuts;
one other such palm was found at the next harvest and two more in April 1967,
Since then at 5 subsequent harvests no further palms were found which showed
this abnormality. Another remarkable tendency is the periodicity of bearing.
Harvesting between July and April was considered to be impractical because of
the lack of coconuts. This means that the main production was concentrated in
a period of 4- 5 months. This is shown in the yields of November 1966 and 1968.
In 1967 a special effort was made to prove that harvesting was possible at the
end of the year. It was postponed for one month until December and the harvest
was reasonably encouraging, but this led to lower April results.

The total number of bicarpellate coconuts per harvest decreased sharply after
the first year of observation. More than 759, of all bicarpellate coconuts were
harvested during the first year, i.e. the first three harvests, while during the last
five harvests bicarpellate coconuts became very rare and completely absent
during the November-December harvest.

The production of individual palms known to produce bicarpellate coconuts
is presented in table 5.

It was unfortunate that no records of harvest were kept after November 1968,
particularly for the interpretation of the individual palm production; with only
one more harvest we would have had three complete years. Now figures are
easily misinterpreted as not all harvests are equally successful and the small
November-December harvest is included three times, whereas the high April
harvest is included only twice. SAMANIEGO (1969) mentions that in April 1969
‘quite a few’ bicarpellate coconuts were harvested ; exact data are not available.

Nevertheless some interesting conclusions can be drawn from the data in
table 5. First of all there is one striking fact: two palms, nos. 8 and 11, each
produced more than twice the average of the others and can be considered good
yielding coconut palms, with an average of more than 100 coconuts/tree/year.
This is equivalent to more than 27 kgs/copra/tree/year for this particular type of
coconut (see also the following paragraph). These two palms are not only out-
standing with regard to their production of normal coconuts. They also outclass
the other palms in production of bicarpellate coconuts, 1.e. high production of
normal coconuts goes together here with high production of bicarpellate coco-
nuts.

A photograph of palm no. 11 is presented in fig. 3. In the field its immediate
neighbours are palm nos. 10 and 12 and when one compares their levels of
production of bicarpellate coconuts one may safely conclude that paim no. 11
is truly exceptional, The same can be said about palm no. 8 which alone among
five other palms in a pasture repeatedly produced bicarpellate coconuts.

Palm no. 14 seems to produce more bicarpellate coconuts than palm no. 8 on
a percentage basis, but this is only because the special coconut which is des-
cribed in the following chapter, paragraph 4, is included in the percentage which
otherwise would have been 2.72 9.

Except for their high production of both normal and bicarpellate coconuts,
palms nos. 8 and 11 do not have much in common. No. 8 produces fruits with
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Fic. 3. Palm no. 11, producer of
many normal and bicarpellate co-
conuts. The trunk seen on the left
belongs to palm no. 12,

an exocarp red-orange in colour, belongs to age group 2 and is located near the
river Chira on well drained soil, at a distance of approximately 500 m (about
550 yards) from paim no. 11, which bears green fruits, belongs to the older
palms of age group 3 and is situated at the side of an irrigation ditch.

The level of production of the other bicarpellate coconut producing palms is
more than 50 coconuts/tice/year, corresponding to a copra production of over
13 kgs, some 109, above the average for the rest of the palm trees of ‘La Solana’,
which is 4- 45 coconuts. This shows that the fact that these palms produce also
bicarpellate coconuts does not have a negative effect on the total yield and there
might even be a positive correlation.

For the number of harvests at which each palm produced one or more bicar-
pellate coconuts, palm no. 11 leads with 5 out of 8, followed by palms nos. 8
and 14 with 3.

In summarizing the information of tables 4 and 5 we find a production of
bicarpellate coconuts which is unique for the number of palms involved. It is
also unigque for the total number of bicarpellate coconuts produced and for the
fact that some palms repeatedly produce abnormal fruits. Rarely the bicar-
pellate coconut is the only one in an infrutescence, but usually normal and
bicarpellate coconuts are found together in one bunch.

On the other hand we notice a sharp progressive decrease in the number of
abnormal fruits harvested during the period of observation, Over the same
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period the production of the normal fruits does not decrease. The decrease in
the number of bicarpellate fruits is all the more apparent when we take into
account that the original consignment of coconuts from the estate, which led to
the initiation of this study, consisted of 100 red-orange coloured coconuts, 17
of which were bicarpellate. This means that in April 1966 at least 17 bicarpel-
late coconuts were harvested but almost certainly many more.

The fact that only certain palms are known to produce the abnormality and
that some of these do so much more than others suggests an inherent difference
in these palms; the fluctuation with time on the other hand favours a hypothesis
of environmentat influence. One does not necessarily exclude the other.

3.3.2. Type of coconuts

A presentation of production data of the coconut palm in number of fruits is
incomplete without a description of the main characteristics of commercial in-
terest of the fruits, because of the great variation in these. For this purpose a
number of coconuts were collected at each harvest; this was done to exclude the
influence of seasonal variation and this sample was analysed.

Because of the limited number of bicarpellate coconuts and therefore the
limitation of sampling regarding these, two separate samples of normal coco-
nuts were drawn. Sample 1 was taken from all normal coconuts at each harvest,
the second from the normal coconuts of bicarpellate coconut producing palms
only and from the same branch as the bicarpellate coconut, used for analysis.
This second sample of normal coconuts can therefore be supposed to resemble
somewhat the bicarpellate coconuts, while the first sample gives an idea of the
type of coconuts in the estate as a whole.

TaBLE 6. Principal characteristics of normal and bicarpellate coconuts (averages of 15 fruits

each)
normal coconuts bicarpellate
coconuts
sample 1 sample 2
volume 3620 cc 3880 cc 3820 cc
weight 1810 gr 1800 gr 1900 gr
weight husked coconut 1130 gr 1200 gr 1330 gr
weight of copra 260 gr 280 gr 285 gr
weight of copra
x 100 23.0 23.3 21.4

weight husked coconuts

The most important feature of table 6 is the weight of copra per coconut as
this determines the number of coconuts needed to produce 1 ton of copra.
Weight of copra was determined on a 69, moisture basis, the commercial
standard. The number of coconuts necessary to produce one ton of copra
(English long ton = 1,016 kg) varies from about 3,300 up to 8,000, according to
types, climate etc.
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In this case one can appreciate that 3,600 3,900 coconuts will produce 1 ton
of copra, which means coconut size is excellent.

Comparing the samples and taking into account the very limited possibility
for random choice of bicarpellate coconuts, we note that bicarpellate coconuts
are in no way inferior to normal ones regarding their commercial characteristics.

Another way in which the coconuts can be distinguished is the colour of the
husk. The occurrence of different colours in the palms studied is presented in
table 7.

TaBLE 7. Husk colour in palms of the 3 age groups in ‘La Solana’

Husk colour Group 1 Group 2 Group 3
no. % no. % no. %
GREEN 2 12.5 13 228 70 31.4
Green-brown 5 2.2
Green-yellow 2 3.5 16 7.2
YELLOW-IVORY 5 31.3 20 351 53 238
Yellow-red 2 12.5 5 22
Red-brown 3 1.3
Red-green 2 0.9
Brown 12 54
RED-ORANGE 7 43.7 22 38.6 57 256
Totai 16 100.0 57 100.0 223 100.0

The colour was defined jointly by two persons who examined the coconuts in
all instances. In group 1 colour was checked by studying the coconuts in situ
with the aid of binoculars.

Group 1 was excluded from the comparison of husk colour frequencies in
bicarpellate and normal coconut producing palms as the bicarpellate coconuts
found below the palms of that group could not be traced to any specific palm.

TasLE 8. Husk colour of normal and bicarpeliate coconut bearing palms

Husk colour Group 2 Group 3
Norm. Bic. Total Norm. Bic. Total
GREEN 11 2 13 67 3 70
Green-brown 4 1 5
Green-yellow 2 2 14 2 16
YELLOW-IVORY 20 20 53 53
Yellow-red 5 5
Red-brown 2 1 3
Red-green 2 2
Brown 12 12
RED-ORANGE 21 1 22 49 8 57
Total 54 3 57 208 15 223
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In table 8 the exocarp colour is given for age group 2 and 3, palms being
classified as normal or bicarpellate coconut bearing.

It is interesting to note the high proportion of palms producing coconuts with
a red-orange exocarp. The proportion is high in all three generations; also the
number of bicarpellate coconut producing palms with red-orange coconuts is
high. In group 3 more than 50% of the bicarpellate coconut producing palms
show a red-orange husk colour.

3.3.3. Distribution of bicarpellate coconut producing palims within the plantation

Some of the palms recorded as producers of bicarpellate coconuts are found
in the first age group (see fig. 2), but as explained before harvesting of these was
not possible. The bicarpellate coconut producing palms for which production
records are available belong mainly to age group 3, except nos. 8, 27 and 28,
which belong to age group 2. Fig. 2 gives the exact location of palms nos. 8, 27
and 28. In fig. 4 the positions of all palms in age group 3 are indicated and the
distribution of the bicarpellate coconut producing palms is shown.
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Fic. 4. Map indicating the location of palms in age group 3, showing distribution of produ-
cers of bicarpellate fruits.

3.4. COMPARISON OF FREQUENCY OF BICARPELLATE COCONUTS, AS FOUND IN
PERU, WITH RESULTS OF A SURVEY ON THE APPEARANCE OF BICARPELLATE
COCONUTS IN OTHER REGIONS OF THE WORLD

As stated in chapters 1 and 2, the appearance of bicarpellate coconuts is most
uncommon, The almost complete lack of reference to this abnormality in the
literature has been illustrated amply. However the abnormality is not so ob-
vious as many others known to occur in the coconut palm and the few referen-
ces are from the previous decade. It might be just possible that only in recent
years the attention of coconut research workers had been drawn to this pheno-
menon and some unpublished information could be obtained.

To verify this and at the same time to try to obtain information on the
frequency of occurrence of bicarpellate coconut production, a survey by ques-
tionnaire was carried out during 1968 and the beginning of 1969, the basis of
reference being an introductory publication on this subject (SMiT, 1967). The
survey covered 16 coconut research workers, with experience of or working in
the major coconut growing regions of the world; 12 replies were received, a
response of 75%,.

The results of this survey are outlined in table 9.

Those workers, indicating that they have observed bicarpellate coconuts are

Meded. Landbouwhogeschool Wageningen 70-8 (1970} 27



TastLe 9. Occurrence of bicarpellate coconuts around the world

Research workers surveyed: 16
replied: 12
Countries covered by repliers
Unfamiliar with the

phenomenon 3 Ceylon, Philippines, Thailand

Familiar, but never observed Ceylon, Dahomey, Indonesia, Ivory Coast,

bicarpellate coconuts 6 Malaysia, Papua and New Guinea,
Philippines, Portuguese Fast Africa, Tonga,
Trinidad and Tobage

Observed bicarpellate coconuts 3 India, Indonesia, Jamaica

Davis in India, RoMNEY in Jamaica and TAMMES in Indonesia. ROMNEY (1968)
mentioned the discovery of only one bicarpellate coconut in 1964, in the
District of Rosend, Province of 8t. Mary, Jamaica, in a coconut palm of the
tall type and comments: ‘very uncommon’, This information is all more in-
teresting as the Research Department of the Coconut Industry Board of
Jamaica has an agreement with many copra producers on the island that if any
kind of abnormality is found, it is sent to the Research Department. This means
that in Jamaica, where annually some 100 million coconuts are harvested, the
bicarpellate coconut must be very uncommeon indeed.

Davis (1968), who is considered as the most prominent specialist on abnor-
malities in coconut palms, had found up to 20 bicarpellate coconuts so far, all
in India and all since 1955, both in Kerala and in Calcutta. All these coconuts
came from tall type coconut palms, Bicarpellate female flowers were also
seen by him (DAvis and MeNoON, 1953). In the other countries visited by him in
connection with his studies (Ceylon, Malaysia, and Indonesia), he did not meet
with any bicarpellate coconuts or flowers.

TamnEs (1969) reported that in Indonesia (mainly Celebes) he has seen a few
bicarpellate coconuts but there also this abnormality was very unusual. As
most records on prewar work were lost during the Japanese occupation, no
exact data could be produced but the number of bicarpellate coconuts observed
by him over a period of 10 years does not exceed 3. These were all produced by
tall type palms.

The survey has led to the following conclusions:

1. Bicarpellate coconuts are produced by coconut palms in various couatries.
A detailed survey would possibly find that this abnormality occurs in many

more countries.

2. The frequency of the occurrence of bicarpellate coconuts is very low through-
out the world, On the small amount of information available its frequency

can be estimated as at most 1:100,000,000 and possibly even less frequent.

3. Bicarpeliate coconuts have been found as yet in the tall type of palms only.
This does not mean that they do not occur in dwarf type coconut palms but

as there are about 100 times more tall than dwarf type palms, chances of finding

a dwarf type bicarpellate coconut are extremely small.
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4. Palms producing exclusively bicarpellate coconuts or even fruit branches
with only bicarpellate fruits have not been observed, all coconuts having been
found together with normal coconuts in the same branch.

When we compare the above information with the data of paragraph 3.3 the
most striking fact is naturally the relatively high frequency of production of
bicarpellate coconuts, the frequency in our grove being 1:500. This is 200,000
times more than the estimate for other regions of the world.

A second aspect of interest is that except by Davis (1970) in India no palms
have been recorded as producing syncarpous bicarpellate coconuts on more
than one occasion, i.e. in more than one fruiting branch while in ‘La Solana’ in
some palms, especially the ‘top producers’ palms nos. 8 and 11, the process
seems more or less continuous.
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4. ANALYSIS AND DESCRIPTION QOF THE
BICARPELLATE COCONUT IN COMPARISON
WITH THE NORMAL COCONUT

The descriptions of the normal fruvit of the coconut palm have been sum-
marized elsewhere (MENON and PANDALAL 1958). In this chapter emphasis will
be laid on the points in which the bicarpellate coconut differs from the normal
one. Also variation among bicarpellate coconuts as well as a coconut, in appea-
rance between normally tricarpellate and bicarpellate (fusion) will be des-
cribed.

4.1. MORPHOLOGICAL DIFFERENCES

The external appearance of the bicarpellate coconut differs from the normal
fruit in that the shape of the normal coconut produced by the palms of ‘La
Solana’ is mainly globosely three-sided, The bicarpellate coconuts are never of
this shape, but ellipsoid to spheroid. This is shown in fig. 5.

The exocarp of the bicarpellate coconut is clearly marked by two ridges near
the 2 stigmatic lobes at the apical end of the frvit. These lobes include a perpen-
dicular slit (the orifice of the pistil) and not a triradial one as in the normal
coconut. The ridges become less pronounced around the centre of the coconut
and again are recognizable at the basal end. The angle between the ridges is
approximately 180°; the two segments into which they divide the exocarp are
not equal. At the basal end the exocarp and the underlying mesocarp are
frequently dented and even slit; these slits and dents are wider at the basal end
but narrow towards the apex and their length is 2—4 cm. Similar marks also are
found on normal coconuts but less frequently: 809, of the bicarpellate coconuts
and only 109 of the normal ones show these marks.

1t is known that the normal tricarpellate coconut is marked by 3 ridges on the
exocarp, alternating with the ridges of the endocarp; the angles between seg-
ments are 90-120° for the smaller carpels and 160-180° for the section alter-
nating with the main or functional carpel as retraced to the endocarp.

Apart from the dents and slits which sometimes penetrate the mesocarp, no
difference between mesocarp of bicarpellate and normal coconuts has been
found, Only the difference in shape between the two may result in lower meso-
carp weight of the bicarpellate ones.

The endocarp of the bicarpellate coconut is marked by 2 ‘eyes’ only, one
‘soft’ or ‘functional’ in the larger segment, the other ‘hard’ or ‘non-functional’.
The endocarp of the normal coconut shows 3 ‘eyes’, 1 ‘functional’ and 2 *non-
functional’.

The number of sections into which the endocarp is divided by the ridges on it
is reduced from 3 to 2. The ridges on the endocarp do not divide the fruit in two
equal sections; the section containing the functional ‘eye’ is the bigger of the
two, angles between ridges being again approximately 180°, The difference in
size between the two sections can be seen in fig. 6.
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