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CyroLocicaL and breeding investigations in coconut (Cocos nucifera L.) are few
as compared with other crop plant species for obvious reasons. Santos (1929)
was the first to report the gametic number n=16 in coconut. This number has
been subsequently confirmed by several workers (Sharma and Sarkar, 1956;
Nambiar and Swaminathan, 1960; Ninan, Pillai and Joseph, 1960). A com-
parative study of meiosis in dwarf and tall varieties (Nambiar and Swaminathan,
1960; Swaminathan and Nambiar, 1961) showed that while meiosis is usually
normal in the tall variety, the dwarf palms are generally heterozygous for
chromosomal rearrangements like translocation and inversion. From the sum
total of observations on cytological and breeding behaviour and morphology,
Swaminathan and Nambiar (1961} have suggested that the dwarf palms occurr-
ing in nature may be the product of many generations of inbreeding in difterent
varieties of coconut. Results of similar work reported in inbred rye by Lamm
(1936), Prakken and Muntzing (1942), Muntzing and Akdik (1948}, Rees
(1955) and Heneen (1961) have clearly indicated that the behaviour of the
chromosome is less efficient in inbred rye plant than in the open pellinated
population. In coconut, information on the cytological gonsequences of in-
breeding is very limited, though on vegetative and yield characters Harland
(1957) expressed the view-that, the ill iffects of inbreeding may not be universal
in coconut. A comparative study of inbreds with their parental types and open
pollinated sister plants (Ninan, Pankajakshan, Satyabalan and Gopinath, 1961)
also show that different varieties of coconut respond-to selfing in quite different
ways and are affected to varying extents as far as vegetative and yield characters
are concerned. The object of the present investigation was to study the cyto-
logical consequenses of inbreeding in a few geographically distinct varieties of
coconut.

MATERIALS AND METHODS

i

The inbred and open-pollinated progénies of ten exotic varieties of tall -
~palms and five types of two geographically distinct varieties of dwarf palms
‘available at the Central Coconut Research Station, Kasaragod, formed the
material for this study. The inbred and outbred progenies of Andaman Giant,_
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Cochin China, Philippines, New Guinea and Laccadive and also the dwarf
red, dwarf green, dwarf yellow and Malayan dwarf varieties were screened to
study their cytological behaviour at differcnt stages of meiosis.

Male flowers in the third inflorescence above the one that has opened
were fixed in Carnoy’s fluid (6:3:1) containing a trace of iron acetate. The
anthers were smeared in aceto-carmine. The pollen sterility was determined
by the aceto-carmine staining technique.

REsuLTs
The cytological observations are summarised in Tables 1 and 2.

LACCADIVE VARIETIES

Meiosis was comparatively regular in all the five inbred and two open
pollinated progenies. There were 16 bivalents at diakinesis and metaphase I
(Fig. 1). On an average 65% of the bivalents of a cell had chiasmata in  both
the arms and 35%, were of the rod type. Among the ring bivalents 89, had three
chiasmata each and among the rod bvialents 0-3% had two chiasmata on one
of the arms. *

Precocious separation of bivalents and stickiness of chromosomes at meta-
phase I were observed in a very low percentage of the cells in both inbred and
open-pollinated progenies. A low percentage of lagging chromosomes at
anaphase and micronuclei at telophase were also observed, :

PHILIPPINES VARIETIES

The mean number of chiasmata per bivalent in the inbred progenies of
Philippine varicties was comparatively lower than that in the open-pollinated
ones. In the open-pollinated ‘progeny of Philippines Laguna, chiasma
frequency was 176 per bivalent and ift the inbred 1-73. In Philippines Kalam-
bahim, the chiasma frequencies in outbred and inbred progenies were 1:77
and 1-72 respectively. ‘

Various types of abnormalities were observed in the inbred progenies
of this variety. Out of 607 cells screened, six cells had one quadrivalent and
14 bivalents at metaphase 1 (Fig. 2) suggesting heterozygosity for reciprocal
interchange. Precocious separation of bivalents (Fig.3) and stickiness of
chromosomes at metaphase I were comparatively higher in the inbred palms
than in their open pollinated sister plants. Occurrence of microsporocytes with
varying chromosome numbers (Fig. 4) were observed in 1-29, of the cells
studied at metaphase I suggesting premeiotic irregularities.

At anaphase I, besides 3 cells with sticky bridges, a dicentric bridge and
an acentric fragment were observed in one cell, indicating heterozygosity for an
inversion in the inbred progenies. Lagging chromosomes at anaphase Y and II
and micronuclei at telophase were comparatively higher in the inbred plants.
~ Tn the inbred progeny of Philippines Laguna a cell at anaphsae II with 8 groups
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Metaphase I in the Laccadive variety showing 16 bivalents.

Metaphase I in inbred progeny of Philippines variety with 12 bivalents and 2 quadrivalents.
Metaphase I in inbred progeny of Philippines variety showing 14 bivalents and 4 univalents.
Pollen mather cell with 32 bivalents in inbred progeny of Philippines variety.

Anaphase I in O. P. progeny of Cochin China showing lagging chromosomes.

Anaphase II in Malayan dwarf green with 8 groups of chromasomes,
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of chromosomes and in that of Philippines Kalambahim, cells with 3 groups at
anaphase Il were noted. Abnormal spindle mechanism and irregular distribu=
tion of chromosomes were also observed in the inbred progenies. . Besides
normal tetrads, sporads with 1, 5, 6 and 8 spores were also observed in
these progenies. Pollen fertility was comparatively higher in the outbred
giving 94:44% of well-stained pollen compared to 88659, in the inbred
progenies,

ANDAMAN GIANT:VARIETY - : .

Chiasma frequency in the outhred progeny of Andaman Giant was found.
to be comparatively higher than that of their inbred sister plants and was found
to be 1:78 and 1:73 per bivalent respectively. In this variety also meiotic
irregularities were slightly higher in the inbred progeny. These included the
occurrence of stickiness at metaphase I, formation of lagging chromosomes at
anaphase and. micronuclei at telophase. Pollen sterility was found to be
12:35% in the seclfed progeny compared to a low 2:97% in the open<
- pollinated progeny. ' :

NEW GUINEA VARIETY :

~ Both inbred and open-pollinated progeny of New Guinea variety ciow
studied show higher frequency of chromosome aberrations. Chiasma frequency
was. found to be 1:79 in the outbred and -1-77 in the inbred progeny. Sticky
association of chromosomes at metaphase I, laggards at anaphase and micro-
nuclei at telophase were observed in both outbred and inbred progenies with a
comparatively higher percentage in the former one. The inbred progeny gave
an average of 91%, of well-stained pollen, while the open-pollinated gave only
88%, of well-stained pollen, - - '

COCHIN CHINA '
The inbred and open-pollinated progenies of Cochin China showed a
comparatively higher frequency of chromosome aberrations. The chiasma

frequency of the open pollinated palms was found to be 1-76 per bivalent and -

that of the inbred ones 1:75. On an average, 68229 of the bivalents of a cell
had chiasmata in both the arms and 31:78% were of rod type. Among the
ring bivalents 10-95% had three chiasmata each. Precocious separation of
bivalents and stickiness of chromosomes at metaphase I were observed in both
- the inbred and open pollinated progenies. : S

A comparatively higher frequency of laggards at anaphase was observed in
the open-pollinated progeny compared to their sister palms. Upto eight

lagging chromosomes at anaphase I (Fig. 5) were noticed. Micronuclei were

observed in the outbred as well as in theinbred palms. Monads, dyads, pentads,
hexads and octads were noted in both the inbred and outbred progenies.
Pollen sterility was found to be 12:05% in the open pollinated palm and
11-209%, in the selfed one. o

RS
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DWARF PALMS : :

In all the dwarf palms the chiasma frequency was found to be compara-

tively lower. Several cells with meiotic irregularities were observed in the
dwarf red, dwarf green, dwarf yellow and Malayan dwarf varieties. In the
dwarf red variety, a cell with three nucleoli was observed. Quadrivalent asso-
clation of chromosomes at metaphase I suggesting heterozygosity for reciprocal
interchange were noted in all the types. Precocious separation of bivalents,
and sticky association of chromosomes at metaphase I and cells with varying
number of chromosomes at metaphase I were observed in several cells of these
types. :
Besides cells with dicentric bridge and acentric fragment, suggesting
heterozygosity for an inversion, several cells with laggards, sticky bridges and
abnormal spindle mechanisms and irregular distribution of chromosomes were
observed at anaphase I and II in all these types. In the Malayan dwarf green
variety few cells with 8 groups of chromosomes at anaphase II (Fig. 6) and
8 daughter nuclei at telophase II were noted. Several cells with micronuclei
at telophase I and II and sporads with 1, 2, 5, 6, 7 and 8 spores were observed
in all the types. Pollen sterility was found to be about 40 per cent “in the
Malayan dwarf green and 20-30 per cent in all the ather forms.

DiscussioN

A reduction in chiasma frequency was observed in the inbred progenies
of Philippines Laguna and Kalambahim and Andaman Giant and also in the
dwarf varieties. Lamm- (1936) has reported a decrease in the number .of
chiasmata in inbred rye plants. Miintzing and Akdik (1948) reported that
pairing value of the 1, and I, generation of inbred rye was lower than that of the
parent population plants, Jain and Basak (1964) have stated that partial or
complete failure of pairing and chiasma formation in Delphinium is brought about
by inbreeding depression. An increase in the number of univalents has been
observed in the inbred progenies of Philippines and Andaman varieties and also
in dwarf plams. Reduced number of chiasmata observed in these palms, may
be due to lack of terminal affinity or high terminilization at first metaphase and
‘high terminilization may perhaps be due to increased ‘homology.

One of the important features of the results of ‘this investigation was the
increase in the number of unpaired chromosomes at metaphase I in the dwarf
as well as in the inbred progenies of Philippines and Andaman varieties, Most
probably, metaphase I univalents tend to lag and divide equationally at
anaphase I and therefore tend to be left in the cytoplasm as micronuclei at
telophase. Lamm (1936) reported reduced pairing during meiosis in inbred
rye plants and that those univalents which have divided during the first anaphase
lag at the second anaphase, In the tetrads they then appear as micronuclei.-
Myers and Hill (1943) reported a similar behaviour in the inbred plants of
Dastylis glomerata. The behaviour of univalents in the above inbred progenies -
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of coconut is thus analogous to that described for inbred rye by Lamm ( 1936)
and for Dactylis glomerata by Myers and Hill (1943). It was suggested by Myers
and Hill (1943) that the unequal distribution and tendency for loss of the
metaphase I univalents and their division products probably were more impors
tant factors in conditioning production of ancuploids and decreased fertility in
Plants of Dactylis glomerata than was the presence of quadrivalents. It seems
probable that in the inbred palms of Philippines, Andaman and dwarf varieties,
these meiotic irregularities have a major role in {tioning" variations in
fertility and the reduction in fertility which accompanies
It is interesting to note that the inbred progenies o\ Philippines and
Andaman varieties and both inbred and open-pollinated prog®sies of Cochin
China and New Guinea show comparatively higher frequency of chromosome
aberrations and higher percentage of pollen sterility while in Laccadive variety,
none of the selfed progenies so far examined show any indication of inbreeding
depression as far as cytological behaviour is concerned. Inbreeding depres-
sion observed in Philippines and Andaman varieties and lack of inbreeding
depression in Laccadive variety may suggest that eitker the Laccadive varieties
are less sensitive to inbreeding or the difference in the intensity of inbreeding
and selection in the geographically distinct varieties has resulted in the above -
situation. In Philippines, New Guinea and Cochin China, unlike in Laccadive,
selection of planting material based on early germination and vigour of seedlings
.. 'was in practice from the very early days. It is possible that generations of such

" ‘selection based especially on early germination and carly splitting of the leaves

I

- would have resulted in heterozygosity to varying extents in the progenies.

Further selfing would naturally be expected to produce increased cytological
 instability in the progenies. These observations, therefore, support the views
- expressed by Swaminathan and Nambiar (1961) that the dwarf coconut
pecurring jn different countries may be the products of inbreeding among

SuMMary

. Cytological consequences of inbreeding in a few geographically distinct
exotic varieties of coconut palms available at Central Coconut Research Station,

¢ ., Kasaragod, were studied®™ Inbred and open-pollinated progenies of Laccadive,

‘Andaman, Philippine, New Guinea and Cochin China varieties and green,
- yellow and orange types of dwarf variety of indigenous and Malayan origin
‘were screened for their meiotic behaviour.
' Meiosis was comparatively more regular in both inbred and open-
~pollinated progenies of Laccadive variety. '
_ Inbred progenies of Philippines and Andaman varieties and both inbred -
and open pollinated progenies of Cochin China and New Guinea show commg
paratively higher frequency of chromosome aberrations and higher percentage
of "pollen sterility. Tt is suggested that inbreeding depression observed in

S



752 ' Indian Fournal of Genetics & Plant Breeding  {Vol. 30, No. 3
Philippine, Andaman and Cochin China varieties and lack of inbreeding deprles-'
sion in Laccadive varieties is either due to the difference in the intensity of’
. inbreeding and selection between these geographically distinct varieties or to the
Laccadive genotypes being comparatively less sensitive to inbreeding.
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