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INTRODUCTION

Inconstancy in the chromosome complements of the somatic tissue has
recently been noted in several families of Monocotyledons vide SHARMA 1956,
SHARMA and SHARMA 1956). In the Aroids as well, a large number of species,
in which seed production is scarcely noted, show such variable karyotypes in
the vegetative body (MooKERJEA 1955). The role of such inconstancy, especially
in relation to evolution, was first emphasized in Caladium bicolor Willd. (SHARMA
and DAs 1954) and later corroborated in other species of plants as well. In the
last mentioned species not only such variable karyotypes were encountered, but
even varieties were found to differ in minute karyotypic details. The significant
feature emerging from the available data is the fact that a variant nucleus of
one variety represents the normal complement in the other. Incidentally, it may
be mentioned that out of such variable karyotypes the normal complement can
be detected by a study of the frequency, on the principle that the normal complement occurs in maximum number of dividing nuclei. In absence of effective
sexual reproduction, it has been inferred that the variant nuclei participate in the
formation of daughter shoots and as such give rise to genotypically new individuals through vegetative reproduction. As a rapid and effective method of speciation the importance of this method in evolution cannot be overestimated. Several
genera of Araceae still remain uninvestigated from this standpoint. In Aglaonema
Schott and Richardia Kunth especially, the data is very meagre. In Aglaonema
picta, Gow (1908) observed 16 chromosomes, whereas MOOKERJEA (1954) reported
32 and 28 chromosomes in two varieties of Richardia aethiopica Spreng respectively. Evidently, the role of vegetative reproduction in the origin of
different varieties showing aneuploid chromosome number~
is obvious. As the
species while reproducing through vegetative means is not supposed to pass
through the complicated means of sexual reproduction involving especially
the gametic viability, it is likely that these variant nuclei survive and participate in the formation of new shoots. In India, other species of Richardia
as well as Aglaonema occur profusely in the hills. A cytological study of these
species, especially with a view to check the inconstancy, if any, in the chromosome complements of somatic tissue, is necessary. Lately, the invention of a
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number of pretreatment schedules has helped to a great extent in the critical
analysis of chromosome structure of plants. It was therefore thought worthwhile to study the mitotic behaviour of chromosomes of the different species of
Aglaonema and Richardia with the aid of improved methods. With this aim, the
present work was initiated, and in the following paper, observations on three
different species and varieties of Aglaonema and one species of Richardia have
been presented.
MATERIALS AND METHODS

Materials- The present cytological investigation was carried out on the following
species and varieties of the genera Aglaonema and Richardia.
1. A. hospitum F.N. Williams
2. A. costatum N.E. Br.
3. A. costatum N.E. Br., var. 'foxi'
4. R. elliottiana W. Wats.
The members of the genus Aglaonema are herbs grown for foliage and habit.
There are about sixty-five species distributed in Tropical Asia and Africa.
Species of Richardia are perennial herbs grown for their ornamental corolla-like
spathes and sometimes for spotted foliage. There are about eight recognised species
which are typically Tropical and South African in distribution.
All the four species and varieties for the present investigation have been collected from a local nursery as potted plants and kept in the green house of the
University Science College Garden.
Precise descriptions of each species are given below.
1. A. hospit<Um - Long slender petiole, 6 in.; lvs. glabrous, lanceolate, acute,
entire, 6 in. x 2 in., light green with yellow tinge, with scattered blotches of
dull white, with undulate margins.
2. A. costatum- Very dwarf and compact: lvs. heart shaped, thick, 3 in. wide,
one-third longer than wide, dark shining green, with mid-rib ivory white and
scattered blotches of white.
3. A. costatum, var. ' foxi' - Resembling A. costatum in habit but with ivory
white mid-rib only, scattered blotches of white are absent.
4. R. elliottiana - Lvs. glabrous; petiole about 1 ft., blade orbicular-ovate,
cordate at base, obtuse but subulate-pointed at apex, light green, with a few
white spots, with undulate margins: spathe a rich lustrous yellow, lasting
about two weeks, becoming greenish with age, about 6 in. long.

Methods- Temporary orcein squash method has been found to be very suitable
for the study of somatic chromosomes. For this, a number of pre-treatment chemicals
were tried. In case of Richardia, best results were obtained with pre-treatment of
root-tips in paradichlorobenzene for three hours at 9"C.-10"C. For Aglaonema
paradichlorobenzene in combination with aesculin proved very suitable for both
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scattering and clarification of chromosome morphology. Healthy young root-tips were
pretreated in a mixture of saturated solutions of paradichlorobenzene and aesculin
for two hours at 9"C.-10"C. and stained and fixed by gently heating for a few seconds
in aceto-orcein and N-HCl mixture (9: 1). They were kept as such for overnight and
the tip portions were subsequently smeared in 1% aceto-orcein solution on a slide
by applying uniform pressure over the coverslip and blotting off the excess stain.
The slides thus prepared were properly sealed and observed.
The aceto-orcein smears were made permanent by inverting the slides in a
trough containing tertiary butyl alcohol till the coverslip detached and subsequently
mounted in euparol.
The peak period for somatic division was found to lie between 11 A.M. to 2 P.M.
All the figures of somatic chromosomes of Aglaonema were drawn using a Zeiss
compensating eye-piece of x 12.5 in combination with a 1.3 apochromatic objective,
an aplanatic condenser of 1.4 N.A. at a table magnification of approximately x 1950.
The figures of Richardia were drawn using a Zeiss compensating eyepiece of x 20
at a table magnification of approximately x 3000. In the figures, chromosomes with
secondary constrictions were drawn in outlines only, the accessory fragments without
constrictions were stippled.
Photomicrographs were taken at different magnifications and suitably enlarged.
OBSERVATIONS

The species and varieties of Aglaonema dealt with in the present investigation show wide difference in the normal somatic chromosome number. Both
intra- and interspecific differences exist. A. hospitum shows 2n = 38 as the normal chromosome number, while somatic tissue of A. costatum and variety « foxi >>
of the same reveal 40 and 48 chromosomes respectively as the normal ones.
Although somatic complements of the species and varieties differ numerically,
there exists a general homogeneity so far as the gross morphological plan of the
chromosomes is concerned. In all of them, considerable structural and numerical
alterations are met with in the chromosome complements of the somatic tissue.
Especially, in A. costatum, var. « foxi » a large number of structural and numerical alterations have been noted.
A striking feature noted in the populations of A. hospitum and A. costatum,
var. « foxi » is the presence of somatic bodies in the form of fragments. They
occur in variable numbers and are found in both normal and altered chromosome
complements. No change in the normal karyotypes is observed due to the presence of such bodies. They are even absent in some of the nuclei with normal
karyotype. The length of the fragments ranges from 1.02 (1 - 4.08 p.. The population of A. costatum studied does not show the presence of any fragments.
In general, the chromosome size of different species and varieties are comparatively long and size-difference, though present, is not very marked. There
is a gradual gradation from the comparatively longer to shorter ones. A signi-
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ficant coincidence ot the total amount of chromatin matter of all the species
and varieties is observed (Fig 1). A maximum number of six pairs of chromosomes
with secondary constrictions is noted in A. costatum, var. ' foxi ' (Figs. 13 and
13a), while the minimum number of three pairs is found in A. hospitum
(Figs. 2, 2a).
The somatic tissue of R. elliottiana reveals 32 as the normal chromosome
number. The chromosomes are comparatively very short with a gradual gradation in size (Figs. 23 and 23a).
The detailed karyotypic analysis of different species and varieties is dealt
with separately in the following text.

"Aglaonema hospitum, F. N. Williams - (2n = 38).
Somatic complement of the species reveals thirty-eigitt as the normal chromosome number (Fig. 2). In a normal complement the number of accessory
fragments varies from two to six. On the comparative basis of size, the chromosomes may be classified as follows (Fig. 2a):
I) Ten pairs of long chromosomes (9.1 p. - 11.2 p.).
II) Seven pairs of medium sized chromosomes (7.1 1~ - 7.6 !~).
III) Two pairs of very short chromosomes (4.5 p.).
IV) Three pairs of accessory fragments (1.53 p. - 4.08 p.).
Two pairs of long chromosomes are provided with secondary constrictions.
The detailed karyotypic analysis of the species shows the presence of the fol(Fig. 3):
lowing types of chromse~
TABLE

I

Type

Number

Range of length

A

3 pairs

10.2 !1 - 11.2 !1

B

1 pair

7.6 !1 - 10.2 !1

With two adjacent constrictions, primary and secondary, one nearly submedian in position and the
other located at the middle of the short arm.

C

1 pair

8.6 !1 -

9.1 !1

With two constrictions, one primary and the other
secondary. One of the constrictions is nearly submedian in position and the other very close to it
on the short arm.

D

5 pairs

8.1 !1 -

9.1 !1

With subterminal primary constrictions.

E

5 pairs

6.1 !1 -

7.6 !1

With nearly subterminal primary constrictions.

F

2 pairs

7.1 !1 - 7.6 !1

With median primary constrictions.

G

2 pairs

4.0 !1 - 5.1 !1

Short chromosomes, each with a nearly submedian
primary constriction.

Special features
\Vith median primary constrictions.
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In addition to the presence of chromosome complements differing ±rom one
another in morphology of its constituent members, nuclei have been encountered
with variant numbers like 10, 13,27 and 40 chromosomes respectively. Accessory
fragments in variable numbers have been observed in all the variation complements excepting the last mentioned one.

• Aglaonema costatum • N. E. Br. - (2n = 40).
Somatic complement of the species contains forty chromosomes as the normal number (Figs. 4 and 6). No accessory fragment has been observed in this
species. On the basis of length, the following classes of chromosomes are recognizable (Fig. 4a):
I) Nine pairs of long chromosomes (7.6 t-L - 9.6 t-L)·
II) Six pairs of medium sized chromosomes (5.6 !~ - 6.1 t-L).
III) Five pairs of short chromosomes (4.0 p.).
Four pairs of long chromosomes are provided with secondary constrictions.
A critical karyotypic analysis reveals the presence of six types of morphologically distinguishable chromosomes (Fig. 5). The details of the karyotype including
length and positions of the primary and secondary constrictions are summarised
in the following table:
TABLE

II

Type

Number

Range of length

Special features

A

3 pairs

7.6 It - 9.6 It

With two adjacent constrictions, one primary and
the other secondary. One of the constrictions is
nearly median in position and the other very close
to it on the slightly shorter arm. One pair is comparatively shorter than the others.

B

1 pair

5.6 It - 7.1 It

With two constrictions, one primmy and the other
secondary. One median in position and the other
nearly subterminal at the end of one arm.

C

5 pairs
5 pairs

6.6 It - 7.6 It
4.5 It - 5.6 !t

Each with a subterminal primary constriction.

D

5.1 It - 6.1 It
3.0 It - 4.0 It

With median primary constrictions.

E

1 pair

F

5 pairs

Each with a nearly submedian primary constriction.
Short chromosomes, each with a submedian primary constriction.

In addition to the normal karyotype represented above, structural alterations of chromosomes otherwise showing the normal number have been observed
(Figs. 7, 8, 10 and 11). Numerical variations showing lower numbers of 14 and
22 chromosomes respectively (Figs. 9 and 12) have also been recorded.
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Figs. 1-5. - Histogram (1) showing half of the total amount of chromatin matter in different
species of Aglaonema. A. hospitum, types of chromosomes (3), normal somatic metaphase (2)
and idiogram (2a) showing 2n = 38 chromosomes. A. costatum, types of chromosomes (5),
normal somatic metaphase (4) and idiogram (4a) showing 2n = 40 chromosomes.
Figs. 6-9. - A. costatum, normal somatic metaphase (6), structural (7 and 8) and numerical
variation olates (9) showing 40. 40. 40 and 22 chromosomes respectively,
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Aglaonema costatum

n

N. E. Br., var.

«

foxi

» -

(2n = 48).

Somatic tissue reveals forty-eight chromosomes as the normal number (Fig.
13) in the dividing nuclei. The variety shows the occurrence of accessory fragments in the somatic tissue of the population investigated. The number of such
fragments varies considerably and a maximum number of eight has been observed in a normal complement. Identical karyotypes have been recorded where
these fragmentary somatic bodies are not represented. Their length ranges from
1.02 p. - 2.04 p.. On the comparative basis of size, the chromosomes may be classified as follows (Fig. 13a):
I) Ten pairs of long chromosomes (7.6 p. - 9.6 p.).
II) Six pairs of medium sized chromosomes (5.6 t~).
Ill) Eight pairs of short chromosomes (4.5 t~).
Five pairs of long chromosomes and one pair of medium sized chromosomes
are provided with secondary constrictions. The variety is characterised by the
presence of a new type of chromosomes (Fig. 14), designated as « C n in the
following text.
The results of the karyotypic analysis have been represented in a tabular
form as follows:
TABLE

III

Type

Number

Range of length

A

1 pair

9.6 IJ. - 10.2 IJ.

With median primary constrictions.

B

2 pairs

7.6 IJ. -

With two adjacent constrictions, one primary and
the other secondary. One of the constrictions is
nearly median in position and the other nearly
submedian at the slightly shorter arm.

c

1 pair

8.1 IJ.

With a submedian primary constriction and a
small satellite at the distal end of the short arm.

D

2 pairs

7.6 IJ. - 8.1 IJ.

Each with two adjacent constrictions, primary and
secondary, one nearly submedian in position and
the other located at the middle of the short arm.

E

3 pairs

7.6 IJ. -

With subterminal primary constrictions.

F

1 pair

6.6 IJ. - 7.6 IJ.

With median primary constrictions.

G

5 pairs

5.6 IJ. -

With nearly submedian primary constrictions.

H

1 pair

5.6 IJ.

I

8 pairs

.3.5 IJ. - 4.5 IJ.

8.6 IJ.

8.6 IJ.

6.1 IJ.

Special features

Each with two constrictions, one primary and the
other secondary. One of the constrictions is median in position and the other nearly submedian
at the one arm.
With submedian primary constrictions .
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Along with the normal plates, variations both in number and structure of
the chromosomes (Figs. 17 and 21), have also been noted. Other nuclei with 16,
21, 25, 29, 32, 34, 36, 38, 40 and 44 chromosomes respectively (Figs. 15, 16,
18, 19, 20 and 22) and a cell with high number of 56 chromosomes have been
encountered. Majority of the altered complements are characterized by the
presence of accessory fragments in variable numbers.
«

Richardia elliottiana , W. W ats. - (2n

,=

32).

Somatic complement of the species reveals thirty-two as the normal chromosome number (Fig. 23). The chromosomes are comparatively very short
(1.6 p. - 3.3 p.) and show a graded nature. Based on size, the chromosomes may
be classified as follows (Fig. 23a):
I) Ten pairs of comparatively long chromosomes (2.9

~

!~).

- 3.3

II) Five pairs of medium sized chromosomes (2.3 p.).
III) One pair of comparatively very short chromosomes (1.6

!~).

Three pairs of chromosomes are provided with secondary constrictions.
A critical analysis of the chromosomes shows the presence of six different types
of them (Fig. 24).
The results of the karyotypic analysis are summarised in the following Table:

TABLE

IV

Type

Number

Range of length

Special features

A

1 pair

3.2 It

Each with two constrictions, one primary and the
other seconda1y. One of the constrictions is nearly
median in position and the other submedian at
the slightly longer arm.

B

2 pairs

2.9 It

With two constrictions, primary and secondary,
both of which are submedian in position, being
distributed at opposite arms of the chromosomes.

c

4 pairs

2.9 It

With submedian primary constrictions.

D

3 pairs

2.9 It

With median primary constrictions.

E

5 pairs

2.3 It

Eeach with a median primary constriction.

F

1 pair

1.6 It

Very short chromosomes, each with a median primary constriction.
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Figs. 10-14. - A. costatum, structural (10, II) and numerical variation plates (12) with 40,
40 and 22 chromosomes respectively. A. costatum, var. 'foxi ', types of chromosomes (14),
normal somatic metaphase (13) and idiogram (13a) showing 2n = 48 chromosomes.
Figs. 15-18. - A. costatum, var. 'foxi ', structurally (17) and numerically altered plates (15,
16 and 18) showing 48, 21, 25 and 40 chromosomes respectively.
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DISCUSSION

The species and individuals of Aglaonerna dealt with in the present work
show the chromosome numbers as variable and different from the ones reported
so far. In A. pictum 2n = 16 chromosomes, indicating possibly a low diploid
constitution, was observed by Gow (1908). The high number of chromosomes
characterising the Indian forms suggests their polyploid constitution. None
of the Indian species, however, shows a truly autopolyploid state as revealed
in these karyotypes and aneuploid numbers in addition to polyploidy, namely,
2n = 38, 40 and 48 have been met with in different species and varieties. It
is quite striking that intervarietal difference exists in A. costatum. In A. hospiturn
on the other hand, the number noted is quite different. Such numerical differences maintained both at an intra- and interspecific level clearly imply that
all the species so far investigated are distinctly related to one another and
difference in the number does not necessarily indicate separate lines of evolution.
In addition to the numerical difference, structural alterations in the chromosome complements are very common. A general homogeneity between different
species undoubtedly exists so far as the gross morphology of chromosomes is
concerned. cBut with respect to minor details of the karyotypes, species and
varietal differences are conspicuous.
With regard to the origin of such numerically and structurally altered types
it may be recollected that considerable variations in the chromosome complements have been encountered within the same somatic tissue. A maximum
number of such variations have been observed in A. costatum, var. ' foxi' having
the chromosome number 2n = 48. On the other hand in the other two species,
namely, A. hospitum and A. costatum showing 38 and 40 chromosomes respectively, the frequency of such variation is not very high. Though a statistical
correlation has not yet been made the heavy difference itself indicates its
significance. The high frequency of variation in a species showing at the same
time the highest number of chromosomes is quite significant. If occurrence of
such irregularities seems to be a gene-controlled process, which in view of its
regular nature in all probability it is, then an increase in frequency in a polyploid
involving increased gene-dosage is explainable.
The presence of such a chromosome mosaic evidently provided much
difficulty in working out the exact chromosome count of the species concerned.
In order to eliminate any error, frequency counts were taken for different types
of plates and the one occurring in the maximum number of cells has been taken
to represent the normal complement for that individual. Such inconstancy in
the somatic tissue has been claimed to be characteristic of majority of the species
propagating through vegetative means, where it plays a significant role in speciation. In absence of an effective method of sexual reproduction, somatic irreguc
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larities naturally are not eliminated during selection. If such variant nuclei participate in the formation of daughter shoots, new individuals, differing from
the original both geno- and phenotypically are expected to arise.
The presence of certain chromosomal bodies in variable numbers in the
dividing cells of A. hospitum and A. costatum, var. 'foxi' has already been
pointed out. In general, such chromatic bodies do not show any presence of
constrictions and so simulate fragments. They cannot be termed as strictly heterochromatic as neither allocyclic nor any other staining behaviour characterize
them. Their presence in variable numbers no doubt suggests their accessory
nature as noted by PFITZER (1957a, 1957b) in species of Anthurium, another
genus of the family.
The occurrence of large number of accessories in species showing aneuploid
number such as A. hospitum may itself be an indication of their origin from
normal chromosomes. It is likely that from a higher polyploid type such
fragments have gradually been derived from elimination of chromatin matter
from normal chromosomes, thus causing the decrease in the number of normal
chromosomes in the individual. Duplication of normal chromosomes from such
individuals may easily result in a state as represented by A. costatum, var.
'foxi' in which chromosome number too is quite high in addition to the
accessories.
A detailed investigation has been taken up in this laboratory to work out
the frequency of such bodies in different populations as well as in different
individuals of the same population. The absence of any heterochromatic behaviour does not necessarily go against their accessory nature as cases have
been recorded (vide MuNTZING 1958) where accessories do not show any characteristics of heterochromatin.
In the genus Richardia, 32 and 28 chromosomes have been reported in
R. aethiopica Spreng and R. Golden calla, a variety, respectively by MooKERJEA
(1955). In R. elliottiana, EARL (1957) recorded 2n = 32 chromosomes, though
the species was referred by him as Zantedeshia elliottiana (Knight ex Wats.)
Engler. His observations, however, mainly centered around chromosome counts
and no karyotype study was made. He further secured an individual of the
species with 33 chromosomes that is one chromosome extra to the normal set.
The present report of 32 chromosomes in R. elliottiana confirms the observations
of EARL. A detailed karyotypic analysis made for the first time in the species
by the present author shows that the complement is characterized by three
pairs of chromosome with secondary constrictions as against five and three pairs
noted in R. aethiopica and var. 'Golden calla' respectively. Inspite of the fact
that 32 chromosomes are present in this species, it is evident from a perusal of
chromosome counts made in other species and genera as well, that the number
seven is deep seated for the genus (MooKERJEA 1955). Multiplication of the set
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associated with structural changes and occasional dupfication ot individuals, is
responsible for the diversification of the genus. Evidently, the number 32 is
a secondarily derived one and represents an advanced level of evolution.
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SUMMARY
A study of the mitotic behaviour of chromosomes of the different species and varieties
of Aglaonema and Richardia has been presented in the paper. The Indian forms investigated
are A. hospitum, A. costatum, A. costatum, var. ' foxi ' and R. Elliottiana showing 38, 40, 48
and 32 respectively as the normal chromosome numbers. The high number of chromosomes
of Aglaonema suggests their polyploid constitution. Numerical differences maintained both at
an intra- and interspecific levels clearly indicate their distinct relationship.
The chromosomes. are comparatively long and graded in size. The number of chromosomes possessing secondary constrictions varies frOJI! species to species. A maximum number
of six pairs and a minimum number of two pairs of chromosomes have been noted in
A. costatum, var. 'foxi' and A. hospitum respectively.
Considerable numerical and structural variations have been encountered within the
same somatic tissue. It is quite significant that a high frequency of variation has been observed
in A. costatum, var. ' foxi' with highest number of chromosomes. Such inconstancy in the
somatic tissue has been claimed to play a definite role in speciation of the genus Aglaonema.
A. hospitum and A. costatum, var. 'foxi' is characterized by the presence of accessory
fragments. Their presence in variable numbers indicates their accessory nature. The possible
origin of such chromosomal bodies has been discussed.
In R. elliottiana it is inferred that the diploid number of 32 chromosomes is probably
a secondarily derived one and represents an advanced level of evolution.

RIASSUNTO
In questa lavoro viene presentato uno studio sui comportamento alia meiosi dei cromosomi
eli diverse specie e varieta eli Aglaonema e eli Richardia. Le forme indiane studiate sono
A. hospitum, A. costatum, A. costatum var. "foxi » e R. elliottiana; esse presentano rispetti-

454

SHARMA and DATTA

vamente come numeri cromosomici normali 38, 40, 48 e 32. L'alto numero cromosomico di
Aglaonema fa pensare ad una costituzione poliploide. Le diversita numeriche, mantenute sia
al livello intraspecilico sia a quello interspecilico, indicano chiaramente Ia loro relazione
distinta.
I cromosomi sono relativamente lunghi e di dimensioni varie. II numero dei cromosomi
che posseggono costrizioni secondarie varia da specie a specie. Un numero massimo di sei paia
ed un minimo di due oaia di cromosomi sono stati riscontrati rispettivamente in A. costatum
var. « foxi ~ e A. hospitum.
Entro il medesimo tessuto somatico sono state notate delle variazioni numeriche e strutturali considerevoli. :E assai signilicativo che un'alta frequenza di variazioni sia stata osservata
in A. costatum var. « foxi 11 che ha il piu alto numero cromosomico. Si pensa che questa poca
uniformita del tessuto somatico giuochi una parte delinita nella speciazione del genere
Aglaonema.
A. hospitum e A. costatum var. « foxi 11 sono caratterizzati dalla presenza di frammenti
accessori. La loro natura accessoria viene indicata dal fatto che si trovano in numero variabile.
Viene discuss a 1' origine di questi corpi cromosomici.
Viene avanzata l'ipotesi che in R. elliottiana il numero triploide 32 sia derivato secondariamente e rappresenti un livello evolutivo elevato.
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