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The genera Maranta and Calathea are mostly tropical American in origin, though widely 
cultivated throughout the tropical zone of the globe for ornamentation of leaves, excepting the 
arrowroot yielding species of Maranta. In India, because of wide cultivation, they are often 
located as wild in the forest, though apparently as dispersed forms from the cultivated types.

The vegetative propagation of the species is profuse preferring comparatively shady con
ditions. Despite its economic value, and the fact that the almost absence of sexual reproduc
tion provides ideal materials for the study of speciation, data on the structure and behaviour 
of chromosomes of the genera Calathea, Maranta and Stromanthe are rather meagre (Venka
tasubban 1946, Simmonds 1954, Sharma and Bhattacharyya 1958, Sato 1960, Mahanty 1970, 
Mukhopadhyay and Sharma 1984, Sharma and Mukhopadhyay 1984). The available records 
indicate that there are aneuploid chromosome numbers in these genera, of which 11 has been 
considered as the deep seated number (Sharma and Bhattacharyya 1958). These eleven chro
mosomes are regarded as derivatives of a basic set of four chromosomes with a long antecedent 

period of evolution. In view of the scanty records on these genera as well as the scope of various 
approaches including the analysis of chromosome structure, the present study was undertaken. 
It includes the study of morphological and anatomical characters, along with a detailed analysis 
of the chromosomes, the range in chromosome length, volume and classification of the finer de
tails at the microscopic level. The relationship of these features with the amount of nuclear 
DNA has earlier been reported (Sharma and Mukhopadhyay 1984).

Materials and methods

In the present study, 14 different species and varieties under three different genera, Calathea 
Mey, Maranta Plum ex L. and Stromanthe Sond. of the family Marantaceae Petersen were 
selected for cytological, anatomical and morphological investigations. The species were: i) 
Calathea lietzei E. Morr., ii) C. undulata Regel., iii) C. princeps Regel., iv) C. picturata C. Koch, 
& Linden var. vandenheckii, v) C. picturata C. Koch. & Linden var. argentea, vi) C. zebrina 
Lindl., vii) C. clossoni (exotica), viii) C. bachemiana E. Morn, ix) C. kegeliana (exotica), x) C. 
insignis Petersen, xi) C. ornata Koern. var. roseolineata, xii) Maranta arundinacea L. var. 
variegatum, xiii) M. bicolor Ker-Gawl. and xiv) Stromanthe sanguinea Sond.

a. Morphological study
For a detailed morphological study in species of Calathea, Maranta and Stromanthe, the 

characters included were leaf index and length of petioles. Twenty readings were taken at 
random for each character from different plants of each species and the mean values as well as 
the standard errors were calculated.
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b. Cytological study

1. Study of somatic chromosomes

Somatic chromosomes of all the species were studied from root tip cells. The time for 

maximum meristematic activity was found to be between 10.30 A.M. to 12.30 P.M. during 

which fresh healthy root tips were collected and washed thoroughly. Prior to pretreatment, 

the root tips were split longitudinally for better penetration of the pretreating chemicals. For 

clsssification of chromosome morphology and scattering of the chromosomes, pretreatment in 

a dilute solution of PDB (1/4th saturation) and 0.002M oxyquinoline (1:1) yielded good 

result in these species. An initial shock treatment at 0-5•Ž for 2-4 minutes in the pretreat

ing chemical resulted in better scattering of chromosomes. Overnight fixation at room temper

ature in acetic acid-ethanol mixture (1:3) was quite effective in these plants.

To remove heavy cytoplasmic content which is the main problem for cytological ob

servations, several chemicals and enzymes, like acidulated alchohol, 5N HCl, diastase (2%)

Table 1. A comparative representation of two morphological features in different species 

and varieties of the genera Calathea, Maranta and Stromanthe

and pectinase (2%) (Sharma and Chatterjee 1971) were applied for varying concentrations and 

durations at different temperatures and best result was obtained by cold hydrolysis with 5N 

HCl at 16•Ž for 15 minutes. This was followed by a thorough washing in distilled water to 

remove the traces of acid. The root tips were then treated with 45% acetic acid for 5 minutes, 

warmed in 2% acetic-orcein staining solution for 3-5 seconds and subsequently kept in this 

solution for minimum 3-4 hours. The tip portion was finally squashed in 45% acetic acid.

2. Determination of chromosome length and volume

Total chromosome length of each species was calculated by adding the whole lengths of 

all the chromosomes present in a complement.

For determination of chromosome volume, the breadth of individual chromosomes was 

measured from the karyogram plates. Assuming the chromosome as cylindrical, the volume 

was calculated from the formula: Chromosome volume (v)=ƒÎr2h, where r=radius of the 

chromosome= breadth/2 and h=whole length of the chromosome. Total chromosome volume 

was then calculated by summing up the volumes of all the chromosomes of a complement.
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Observations

1. Morphological data

Out of the morphological characters, leaf index and length of the petiole were taken into 

account. Leaf index value was obtained by dividing the length of leaf by its breadth. The

Figs. 1-14. Somatic metaphases in several species of Calathea, Maranta and Stromanthe. ca 

•~ 1750. 1, Calathea lietzei (2n=24). 2, C. undulata (2n=24). 3, C. princeps (2n=24). 4, C. 

picturata var. vandenheckii (2n=26). 5, C. picturata var. argentea (2n=26). 6, C. zebrina (2n=

26). 7, C. clossoni (2n=26). 8, C. bachemiana (2n=26). 9, C. kegeliana (2n=28). 10, C. 

insignis (2n=28). 11, C. ornata var. roseo-lineata (2n=28). 12, Maranta arundinacea var. vari

egatum (2n=48). 13, M. bicolor (2n=52). 14, Stromanthe sanguinea (2n=44).
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data of these morphological characters have been represented in Table 1. A significant vari

ation in the leaf index values was noted in different species of Calathea ranging from 1.45 in 

C. ornata to 4.27 in C. clossoni. Amongst the two species of Maranta, the difference was not 

so marked. These were 2.97 and 2.25 in M. arundinacea and M. bicolor respectively, more or

Figs. 15-19. Somatic variant metaphases in species of Calathea. ca •~1750. 15, Calathea lietzei 

(2n=48). 16, C. zebrina (2n=26). 17, C. ornata var. roseo-lineata (2n=24). 18, C. ornata var. 

roseo-lineata (2n=26). 19, C. kegeliana (2n=22) .
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Fig. 20. Comparative representation of karyograms revealing distribution of different chromsome 

types in species of Calathea, Maranta and Stromanthe .



1987 Karyomorphological Analysis of Species and V
arieties of Marantaceae 827

FIG. 20 (Contd.)
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less similar to 2.64 in Stromanthe sanguinea (Table 1).
In the petiole length, a wide range of variation was note amongst the species of Calathea, 

values ranging from 2.74 to 9.15 inches (Table 1). In both the species of Maranta, such dif

ference was not so marked (Table 1).

2. Cytological data
The somatic chromosomes of 14 different species of Calathea, Maranta and Stromanthe 

were analysed but due to absence of flowering, meiotic study could not be made. The number 
of somatic chromosomes were found to be 2n=24, 26, 28, 44, 48 and 52 in all these species 

(Figs. 1-14) (Table 2). The chromosomes, in general, did not differ markedly in size, mostly

Fig. 21. Comparative bar diagram representing total chromosome length and volume in species 

of Calathea, Maranta and Stromanthe.

being medium to short. The size of the chromosome decreased considerably with the increase 

in chromosome number. Nuclei having varying number of chromosomes were recorded in 

most of the species (Figs. 15-19).

The chromsome complements of these species, however, revealed a gross morphological 

similarity. The general chromosome types are described on the basis of such morphological 

similarity. The position of the centromere was the main criterion for the classification of the 

chromosomes into different types. The different chromosome types, noted to be common be

tween the different species studied and classified on the basis of number and position of centro

meres are as follows (Fig. 20): Type A-long chromosomes having two constrictions at the same 

side of the long arm. The proximal segment is smaller than the middle one. Type A•L-long 

chromosomes with two constrictions and three segments are almost equal in size. Type B
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includes both long and medium chromosomes having two constrictions. Here, the middle 
segment is longer than the two distal ones. Type C involves both medium and short chromo
somes with centromeres which are nearly median in nature and type D chromosomes are short 
in length with nearly subterminal primary constrictions. The karyotype formulae of these 
species were expressed on the basis of numbers of these four types of chromosomes and revealed 
the presence of clear numerical and structural alterations of both nucleolar and centromeric 
chromosomes (Fig. 20 and Table 2).

The total chromosome length did not differ markedly in these species while total chromo
some volume revealed significant variation (Fig. 21 and Table 2).

Discussion

Morphological characteristics
In order to distinguish the morphology and anatomy, the leaf index and length of the petiole 

have been taken as the principal parameters. Plants and leaves of the same age, growing under 
identical conditions, have only been considered to avoid error. The leaf index value amongst 
the species of Calathea ranges form 1.46 in C. ornata to 4.27 in C. clossoni. In the two species 
of Maranta, little variation in leaf index has been recorded. However, difference exists even 
between the species with same chromosome number. It is thus clearly indicated that the vari
ation is not necessarily associated with polyploidy, even though there is a distinct difference in 
the size of the leaf. The size of the leaf is determined by several factors and index value was 
taken to provide with total pitcure of leaf morphology. The most characteristic feature of all 
these species is the constancy in the difference of leaf index values. These characters, therefore, 
may be regarded as important parameters in identification of the species. Such constancy in 
leaf index in a species indicates genetic control.

In species of Calathea, a marked variation in petiole length has been noted ranging from 
2.74 inches in C. picturata var. argentea to 8.45 inches in C. princeps. The length does not 
show a heavy difference in two species of Maranta. The petiole length is also not affected by 

polyploidy. In Maranta bicolor with 2n=52 chromosomes, the petiole length is 2.05 inches, 
which is more or less equal to that of C. picturata var. argentea having 2n=26 chromosomes, 
length being 2.74 inches. Similar to leaf index, this character too varies between species and 
can evidently be considered as an identifying characteristic.

The two morphological characters clearly indicate specific variations and no direct cor
relation with chromosome number could be recorded. However, the possible genetic control 
of these characters is exhibited by their constancy within the species in all individuals.

Chromosome number and karyotype
The two species of Maranta, M. arundinacea and M. bicolor show high levels of polyploidy 

having 2n=48 and 52 chromosomes respectively. In chromosome number, distinct similarity 
between the genera is indicated. However, in Stromanthe sanguinea, the somatic chromosome 
number is 2n=44 which may be a derivative of n=11 chromosomes, as suggested in Calathea 
and Maranta by earlier workers as well (Venkatasubban 1946). Homogeneity in these species 
has been recorded with regard to the chromosome number and on the basis of previous evidences, 
they seem to be derived from each other. This assumption is supported by chromosome 
morphology as well. Of the different species studied, none of the species of Calathea and 
Maranta have n= 11, though other species have been recorded to have these numbers (Venkata
subban 1946, Sharma and Bhattacharyya 1958). It is difficult to state as which number is 
deep seated for these genera but the close relationship of the different taxa is indicated.

The different species have graded karyotypes ranging from medium to short in size. The
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chromosomes with secondary constriction vary from 4 to 8 in number. However, the increase 

or decrease in number of chromosomes with secondary constrictions might be attributed to 

duplication of such cromosomes or translocation between the chromosomes with or without 

secondary constrictions at a very early stage of evolution.

Notwithstanding gross similarities, the karyotype formula is quite distinct for every spe

cies as they differ in minute details of karyotype. Thus, the importane of structural alteration of 

chromosomes in evolution is indicated. The polyploid forms too do not necessarily show a 

clear duplication of the basic set indicating possible role of structural changes. In Calathea, 

polyploidy is rather rare but in Maranta, alongwith other factors, polyploidy has been an 

associated feature in evolution.

Chromosome characteristics-size, length and volume

A remarkable variation in chromosome length has been recorded ranging from 0.74ƒÊm 

to 2.59ƒÊm in the complement. The total chromosome length differs from 25.86ƒÊm in Calathea 

undulata to 65.18ƒÊm in Maranta arundinacea. In C. zebrina and C. clossoni, the total chro

mosome length is 32.32 and 44.84ƒÊm, both species having the same chromosome number. 

Moreover, the total chromosome length in C. lietzei with 2n=24 chromosomes is more or less 

equal to that of C. picturata var. argentea with 2n=26 chromosomes. In Maranta bicolor 

with 2n=52 chromosomes, the total chromosome length is less than that of M. arundinacea 

with 2n=48 chromosomes. These facts suggest that the total chromosome length is not neces

sarily correlated with the chromosome number. Notwithstanding these facts, the variation 

in size, however, has also affected the several chromosome complement as noted by toad F 

(TF%) values as well. In species of Calathea and Maranta, the TF% value has found to range 

from 36.90% in Calathea bachemiana to 42.23% in C. undulata. In the single species of 

Stromanthe, the TF% value is slightly less being 32.69% only. However, this difference in 

chromosome size does not necessarily represent an increase in amount of DNA (Sharma and 

Mukhopadhyay 1984). It is likely due to genetically controlled coiling or uncoiling of the 

chromosome arm at the individual specific level.

The volume of the chromosome in species of Calathea varies within a complement ranging 

from 0.12 cu. ƒÊm in C. undulata to 2.22 cu. ƒÊm in C. lietzei. There is remarkable variation 

in total chromosome volume in Calathea ranging from 5.58 cu. ƒÊm in C. undulata to 27.27 cu. 

ƒÊ m in C. clossoni. In species of Maranta, the volume has been found to be inversely related 

with the chromosome number. The total chromosome volume too does not show any corre

lation with somatic chromsome number. The volume is dependent to a great extent on the 

chemicl constituents, including both nucleic acid and protein of the chromosomes.

The evidences indicate that each species has its own karyotype and distinctive range in 

chromosome size and volume. These characters which are under genetic control, therefore, 

may be utilized as suitable parameters for classification and identification. The close relation

ship between Calathea and Maranta is distinctly revealed in their gross karyotypes, mor

phological and anatomical characters.

Summary

Extensive analysis of morphological, anatomical and cytological characters was carried 

out on 14 different species and varieties of Calathea, Maranta and Stromanthe of Marantaceae. 

The morphological and anatomical features of these species vary between species to species and 

are correlated with chromosome number. These characters may serve as identifying param

eters.

Chromosome analysis has indicated the chromosome number to range from 2n=24 to 28
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in Calathea, 2n=48 and 52 in Maranta and 2n=44 in only species of Stromanthe. The 

polyploid forms do not show an exact multiplication of the basic set. Duplication alongwith 
the minute structural alteration of chromosomes has played a role in speciation of these genera.

A conspicuous variation was recorded amongst these species in length and volume of 

chromosomes. The length and volume did not show any direct correlation with chromosome 

number and a consistency in difference of these two characters was recorded as well. Dif

ferential coiling and uncoiling of the arm and ratios of different chemical components in the 

chromosome structure, have been suggested as responsible for this difference. The similarities 

in gross karyotype and morphological characters indicate a close relationship between these 

genera.
Key Words: Morphology, Cytology, Calathea, Maranta, Stromanthe, Marantaceae.
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