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ABSTRACT 

he present study reports morphological and cytological amalyses of three 

species of Abelmoschus, A. manihot, A. tetraphyllus and A. tuberculatus, collected 

from different regions of peninsular India. For the morphological study, 31 

quantitative and 22 qualitative characters were recorded. Morphometric analysis 

identified a set of 31 characters that could be useful in discriminating the taxa. The 

collections of A. manihot grouped together in the PCA scatter and dendrogram, 

while A. tuberculatus and A. tetraphyllus formed a separate group. Pollen grains 

were similar in all the three species and were pantoporate, spherical with spinate 

ornamentation but differed only in the size and density of the spines. Seeds of all 

the three species were ovoid to ellipsoid in shape and reddish brown to greyish 

black in colour. Seed surface was rough and ridged, finely reticulate with ridges 

ornamented with gemma like projections. Thus, the results of the study could 

identify certain morphological characters which could either discriminate or 

characterize the species. Cytological studies showed the chromosome number in 

two accessions of A. manihot as 2n = 66 (acc.1) and 2n = 70 (acc.3). Chromosome 

count for A. tetraphyllus was 2n =138. Abelmoschus tuberculatus showed the meiotic 

chromosome count of n = 29 and somatic count of 2n =58. It is evident from the 

present study that the three species are at different ploidy levels. 

KEYWORDS: Abelmoschus manihot. Abelmoschus tetraphyllus. Abelmoschus 
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INTRODUCTION 

Ablemoschus Medik. is a small genus of about fifteen species distributed in 

the south and southeast Asia and northern Australia. The genus is placed in the 

subfamily Malvoideae tribe Hibisceae of the angiosperm family Malvaceae sensu 

APG (Hinsley, 2013). Eight Abelmoschus species are reported to occur in the Indian 

sub-continent, of which, two are widely domesticated and cultivated in different 

parts of the world, such as A. esculentus (L.) Moench and A. caillei (A. Chev.) Stevels. 

However, the rest of the species are semi-wild to wild in nature such as A. angulosus 

Wall. ex W. & A., A. crinitus Wall., A. ficulneus (L.). W. & A. ex Wight, A. manihot 

(L.) Medik., A. moschatus Medik. and A. tuberculatus Paul & Singh (IBPGR, 1991). 

Four new species are reported for the genus such as Abelmoschus enbeepeegearensis 

K. J. John, Scariah, Nissar, K.V. Bhat & S.R. Yadav, Abelmoschus muliensis Feng., 

Abelmoschus palianus Sutar, K. V. Bhat et S. R. Yadav. Abelmoschus sagittifolius (Kurz) 

Merr., and are yet to be characterized in detail (Hinsley, 2013). 

Infraspecific genetic diversity has been noticed in many wild species such as 

A. moschatus (ssp. moschatus, ssp. biakensis and ssp. tuberosus), A. manihot (ssp. 

manihot, ssp. tetraphyllus), A. tetraphyllus (var. tetraphyllus, var. pungens) and A. 

angulosus (purple, white and yellow flowered types). Unfortunately, the 

morphoforms of the wild species have neither been collected to the desired extent 

nor characterized properly. The IBPGR (1991) opined that all the above species 

should receive further attention during plant collection expeditions. It is evident 

from previous reports that the wild germplasm is under constant threat. Though 

the wild species have been collected and reported many times previously from 

varied locations, all insist further collections to increase the spectrum of variability. 

Presence of disease resistant genes necessitates conservation of the wild species at 

any cost. For example, genes for resistance to powdery mildew are reported to 

occur in A. manihot and A. tetraphyllus and for fruit borer in A. tuberculatus. IBPGR 

further recommends that a detailed cytogenetic and biochemical study be 

attempted both between and within the species of Abelmoschus to elucidate their 

taxonomic status and inter-relationships. 

The present study involved collection of A. manihot, A. tetraphyllus and A. 

tuberculatus, from the southern peninsular tract, restricted mainly to the states of 

Karnataka, Tamil Nadu and Kerala followed by their evaluation and documentation. 

Abelmoschus manihot has been reported from New Guinea, Indonesia and 

China apart from India. Wild species are considered to be native of South China. 

Abelmoschus manihot though considered a wild species in the Indian subcontinent, 

is extensively cultivated in the African countries for its leaves. This species is grown 
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in Papua New Guinea, Solomon Islands and other South Pacific Islands. Infraspecific 

variation has been noted in A. manihot. (Hamon and Sloten, 1995). 

Abelmoschus tetraphyllus is considered as a wild species confined to Asia and 

north Australia. The taxon is morphologically distinguishable from A. manihot 

mainly on the basis of size, number and persistent nature of the epicalyx which is 

long and covers the fruits in most cases. van Borssum Waalkes (1966) considered 

it to be a subspecies of A. manihot and identified subspecies based on the degree of 

domestication such as, ssp. manihot (cultivated) and the ssp. tetraphyllus (wild). 

The wild ssp. tetraphyllus has been further classified into three varieties, var. 

tetraphyllus, var. pungens and var. megaspermus. 

Abelmoschus tuberculatus is considered to be one of the progenitors of A. 

esculentus. Genomic affinities with and hybridization possibilities have also been 

cited for this species with A. esculentus. 

The wild species of Abelmoschus are reported to have a scattered distribution 

and occupy diverse habitats. In the Indian sub-continent, the wild species are mostly 

concentrated in certain specific regions. Their distribution as depicted in the 

published literature is given in Table I. 

Though the presently studied species have been taxonomically identified, 

confusion still exists regarding the delimitation of certain species as inter- and 

intra-specific variants have been reported. 

MATERIALS AND METHODS 

During the course of the present study, three accessions of A. manihot 

(collected from Cheruvallikulam and Guruvayoor in Kerala and Uduppi in 

Karanataka) and one each of A. tetraphyllus and A. tuberculatus were collected 

[Figs. 1-3]. Seeds of A. tuberculatus (IC 90515) and A. tetraphyllus (IC 141039), were 

obtained from NBPGR regional station at Akola, Maharashtra. The collected plants 

were either grown from the seeds or transplanted to the field cleared for the 

purpose in the Department of Botany, University of Kerala. Morphological and 

cytological studies were conducted. 

Table 1. Distribution pattern of wild species of Abelmoschus in the Indian sub-continent 

Name of Taxon Distribution 

A. manihot South India (Western and Eastern Ghats and also peninsular tract) 

A. tetraphyllus 

A.  tuberculatus North & north west India (semi-arid tracts) 
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Morphological Study 

The morphological features of the vegetative and floral parts were observed 

and recorded for A. manihot, A. tetraphyllus and A. tuberculatus. For each trait under 

consideration, observations were recorded from five individual plants. A list of 53 

characters (31 quantitative and 22 qualitative) was prepared, including the 

morphological descriptors from IBPGR (1991) (Table 2). The data so obtained was 

subjected to statistical analyses including ANOVA, PCA, PCoA and Cluster 

analysis. 

 

Fig 1-8; 1. Habit of Abelmoschus manihot. 2.A. tetraphyllus. 3.A. tuberculatus. 4. Leaf lobing 5. Fruit of 

A. manihot 6.A. tetraphyllus. 7.A. tuberculatus. 8. Dorsal surface of separated petals 
 

Table 2: List of morphological characters considered for A. manihot, A. tetraphyllus 

and A. tuberculatus 
 

QUANTITATIVE CHARACTERS 
 

1 Maximum plant height 11 Fruit length 

2 Stem diameter at base 12 Fruit width 

3 Maximum no. of internodes 13 No. of fruits/plant 

4 Leaf length 14 No. of seeds/plant 

5 Leaf width 15 Seed weight 

6 Days of first flowering 16 No. of branches 

7 First flowering node 17 Length of branch 

8 First fruit producing node 18 Inter node length 

9 No. of fruiting nodes on main stem 19 Petiole length 

10 No. of fruits on main stem 20 No. of stipule 
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21 Stipule length 27 Epicalyx breadth 

22 Stipule breadth 28 Sepal length 

23 Flower diameter at full bloom 29 Sepal breadth 

24 Pedicel length 30 Petal length 

25 Number of epicalyx 31 Petal breadth 

26 Epicalyx length   

QUALITATIVE CHARACTERS 

1 Growth habit 12 Shape of epicalyx 

2 Branching Habit 13 Persistence of Epicalyx 

3 Stem pubescence 14 Petal colour 

4 Stem colour 15 Petal blotch 

5 Leaf Shape 16 Position of fruit on main stem 

6 Leaf tip 17 Immature fruit colour 

7 Leaf base 18 Mature fruit colour 

8 Leaf colour 19 Fruit shape 

9 Colour of Epicalyx 20 Fruit tip 

10 Fruit pubescence 21 Seed shape 

11 Seed surface 22 YVMV Susceptibility 

Anatomical study 

Mature stems and petioles were collected from all the samples. Thin hand- 

sections were stained in 1% aqueous saffranine for a few minutes and washed in 

water, mounted on a clean slide in glycerine and observed under the microscope. 

Trichome and stomatal study 

Epidermal peelings were taken from leaves with sharp razor-blade. The peels 

were soaked in NaOH solution, washed in water and stained in I % aqueous 

saffranine for a few minutes, mounted on a clean slide in glycerine and observed 

under the microscope. 

Palynological study 

Mature anthers were collected just before anthesis and preserved in 45% 

acetic acid. Acetolysis method was followed to make pollen preparations. 

Microscopic images of trichomes, stomata, sections of stem and petiole, pollen 

grains and seeds were also taken using Image Analyzer (Olympus BX51, Japan). 

Trichome frequency was determined using a hand lens. Scanning electron 

micrographs of pollen (JSM-5600 LV, JEOL, JAPAN) and seed samples were also 

taken (FINE COATER-JFC-1200, JEOL, JAPAN). 
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Statistical Analysis 

The observations recorded were subjected to Analysis of Variance using the 

Duncan’s Analysis in SPSS Statistics (v 16.0) and the results analysed using, PCA 

(Principal Component Analysis), PCoA (Principal Co-ordinate Analysis) and 

Cluster analysis using MVSP (ver 3.1). PCA was carried out in order to find the 

characters relevant in differentiating the taxa. Euclidean distance was calculated 

to plot the dendrogram showing the relationships between the collections. 

RESULTS AND DISCUSSION 

The taxa are presented as: Abelmoschus manihot (accs. 1, 2, 3), A. tetraphyllus 

(acc. 4) and A. tuberculatus (acc. 5) The morphological data was standardized before 

subjecting it to PCA. The results of the PCA analysis are provided in Table 3. The 

first axis accounts for maximum variation in the, sample, (60.135%) with 31 

significant quantitative characters. Some of the identified characters are, petal 

colour, presence / absence of a petal blotch, immature and mature fruit colour, 

number of internodes, fruit length, leaf lobbing and shape of epicalyx (Figs. 4-8). 

The PCA scatter plot revealed that the principal axis separated A. tetraphyllus and 

A. tuberculatus from the other A. manihot accessions, while the second axis separated 

A. manihot acc.1 from 2 & 3 (Text fig. 1). 

Cluster analysis revealed two clusters at 93.2% similarity level. One cluster 

comprised of A. tetraphyllus and A. tuberculatus. The other cluster included three 

accessions of A. manihot. Accessions 2 and 3 were very similar (97.6%) while the 

other accession (acc. I) varied slightly (only 95.7%) (Text fig. 2). 

Anatomical study 

The stem, petiole anatomy and nature of stomata were uniform in all the 

taxa. Epidermal peelings of lower surface of leaves revealed paracytic stomata 

[Figs.12-16]. 

Ultrastructural features of pollen grains of the three species of Abelmoschus 

The pollen grains of A. manihot, A. tetraphyllus and A. tuberculatus were 

pantoporate, spherical with a spinate ornamentation as in all the other species of 

Abelmoschus. Pollen grains differed only in certain features such as size and density 

of the spines. 

In A. manihot, the interspinal space is smooth with dimorphic spines with 

pointed tips. In A. tetraphyllus interspinal space is almost smooth with protuberances 

here and there. In A. tuberculatus, spines are more in number compared to the other 

species and the interspinal space is ornamented with ridges and furrows (Table 4) 

[Figs. 17-22] 
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Ultrastructural features of seeds 

The seeds of A. manihot, A. tetraphyllus and A. tuberculatus were ovoid to 

ellipsoid in shape and reddish brown to greyish black in colour as in the rest of the 

species of Abelmoschus. Seed surface was rough and ridged, finely reticulate with 

ridges ornamented with gemma like projections. 

Table 3. PCA Analysis data of morphological characters of A. manihot. A. tetraphyllus 

and A. tuberculatus 
 

 Axis I Axis 2 Axis 3 Axis 4 

Growth habit -0.099 0.103 0.328 -0.264 

Branching Habit 0.000 0.000 0.000 0.000 

Stem pubescence 0.195 0.111 0.001 0.047 

Stem colour -0.144 0.239 0.089 -0.042 

Leaf Shape 0.049 0.319 -0.093 -0.149 

Leaf lobbing 0.198 0.098 0.006 0.040 

Lamina margin -0.127 -0.261 0.063 -0.124 

Leaf tip 0.035 -0.274 0.091 0.351 

Leaf colour 0.127 0.261 -0.063 0.124 

Number of epicalyx segments 0.000 0.000 0.000 0.000 

Shape of epicalyx 0.195 -0.097 0.072 -0.057 

Persistence of epicalyx 0.000 0.000 0.000 0.000 

Petal colour 0.206 0.007 0.039 -0.005 

Petal blotch -0.206 -0.007 -0.039 0.005 

Fruit position on main stem 0.000 0.000 0.000 0.000 

Immature fruit colour -0.206 -0.007 -0.039 0.005 

Mature fruit colour 0.206 0.007 0.039 -0.005 

Fruit shape -0.073 0.301 -0.117 0.152 

N umber of fruits on main stem 0.071 0.029 0.375 0.290 

Fruit pubescence 0.206 0.007 0.039 -0.005 

Seed shape 0.000 0.000 0.000 0.000 

Aspect of seed surface 0.000 0.000 0.000 0.000 

Maximum plant height 0.167 -0.123 0.083 -0.275 

Stem diameter at base -0.042 -0.067 -0.368 0.334 

No. of internodes -0.205 -0.040 -0.025 -0.003 

Leaf length 0.100 -0.295 0.092 -0.031 

Leaf width 0.178 -0.149 -0.111 0.083 



Journal - 124 - Dept. of Botany 
 

 

 Axis I Axis 2 Axis 3 Axis 4 

Petiole length -0.185 -0.076 0.107 0.192 

Petiole breadth -0.095 0.207 0.059 -0.407 

Stipule length -0.196 -0.079 0.015 -0.140 

Stipule breadth -0.191 -0.056 0.153 -0.053 

First flowering node 0.162 0.000 -0.277 -0.089 

First fruit producing node 0.187 0.070 0.145 0.126 

Number of fruiting nodes 

on main stem 

 
-0.167 

 
-0.186 

 
0.080 

 
-0.107 

Sepal length -0.102 -0.222 -0.248 0.148 

Sepal breadth -0.147 0.082 -0.268 -0.197 

Petal length 0.089 0.113 -0.385 -0.064 

Petal breadth -0.143 0.218 0.160 -0.048 

Fruit length 0.200 -0.069 0.063 -0.043 

Fruit width 0.182 0.159 -0.018 0.071 

Number of carpels 0.188 0.046 0.168 -0.103 

Style length -0.175 0.125 -0.090 -0.208 

Ovary length 0.197 -0.035 0.116 -0.080 

Number of seeds per capsule -0.179 -0.026 0.163 0.217 

Seed diameter 0.078 -0.320 -0.024 -0.038 

Yellow Vein Mosaic Virus 0.000 0.000 0.000 0.000 

Susceptibility     

Eigen values 23.453 8.317 4.729 2.501 

Percentage 60.135 21.325 12.127 6.413 

Cumulative Percentage 60.135 81.460 93.587 100 
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Text Fig. 1. Scatter Plot of Variables obtained after PCA of A. manihot, A. tetraphyllus and A. tuberculatus 
 

 

Figs. 9-16; 9, 10. Epicalyces of Abelmoschus manihot, A. tetraphyllus 11. Calyx of. A. manihot, 

A.. tetraphyllus 12,16. trichomes, 13. C.S of stem 14. stomata 15. C.S of petiole. 

The gemma-like projections were again ornamented with fine reticula. The 

gemma was large and arranged in a specific pattern. In A. manihot, trichomes were 

seen along with gemmae. In A. manihot, trichomes have their base ornamented with 

tubercles. In A. tetraphyllus, the gemmae were arranged in discontinuous 

A
x
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 2
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rings and the space in between is ornamented with reticulae. In A. tuberculatus, 

the gemmae were small in size arranged discontinuously with prominent ridges 

and furrows in between the rows (Table 5) [Figs. 23-31] 

UPGMA 

5 

4 

1 

2 

3 
 

0.85 0.875 0.9 0.925 0.96 0.975 1 
 

Pearson co-efficient - Data log (10) transformed 

Text figure 2. UPGMA clustering of significant characters of A. manihot, A. tetraphyllus 

and A. tuberculatus 

Table 4. Ultrastructural features of pollen grains of the three species of Abelmoschus 
 

SI. 

No. 

Name of taxon Pollen size 

(m) 

Spine length 

(m) 

Spine breadth 

at  base (mm) 

Interspinal 

distance (m) 

1 A. manihot 110-130 15-20 5-7 23-25 

2 A. tetraphyllus 80-90 11-13 5-6 15-17 

3 A. tuberculatus 100-120 13-15 4-6 22-24 
 

 

Figs 17-22 SEM photograph of pollen gramis showing the pantoporate; spherical pollen with spinate 
ornamentation; 17, 20. A. manihot. 18, 21. A. teiraphyllus and 19,22. A. tuberculatus 
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Table 5. Ultrastructural features of seeds of the three species of Abelmoschus 
 

Sl. 

No. 

Name of 

taxon 

Seed 

dimension 

Size of 

protuberances 

Distance 

between adjacent 

Trichomes 

on ridges 

Trichome 

length 

  (mm) (m) ridges (m)   

1 A. manihot 2-2.5 - 200-300 Present 100-160 

2 A. tetraphyllus 2-3 40-60 180-200 Absent - 

3. A. tuberculatus 2-4 20-30 180-200 Absent - 

 

Figs. 23-31. SEM 
photographs of seeds, 

showing ridged, finely 

reticulate seed surface 

ornamented with gemma like 

projections. 

23-25 A. manihot. 26-28.A. 

tetraphyllus and 29-3l. A. 

tuberculatus 

 

 
 

Cytological study 

Cytological investigation largely depends on chromosome number 

determination. Species identification is still confusing for some wild species. Higher 

chromosome numbers and varietal differences increase the complexity. There is 

considerable variation in chromosome counts from single species, and it is not 

clear whether this is the result of the difficulty in counting the chromosomes, 

polymorphism in chromosome count, or the presence of cryptic species (Hinsley, 

2013). However, chromosome counts for morphologically characterized species 

are likely to be useful for taxonomic studies. The meiotic chromosome number 

was observed to be n = 33 (acc. 1 ) and n = 35 (acc.3) and the mitotic chromosome 

number, 2n = 66 and 70 in two different accessions of A. manihot [Figs. 32, 35]. 

Secondary associations between chromosomes were evident from the meiotic 

preparations. The numbers reported previously are n=60 and 68 (Table 6). 

Morphological variants and cytotypes have also been noticed previously. Thus the 

enormous morphological variation in A. manihot seems to have a genetic basis as 

evidenced by chromosome counts. Bates (1968) suggested grouping of all 

subspecies and varieties of A. manihot together. 

Abelmoschus tetraphyllus has been referred to as A. manihot var. tetraphyllus. 

In the present study, chromosome count was noted to be n=69 and 2n = 138 [Figs. 

33 & 36] and agrees with the previous reports. Abelmoschus manihot ssp. tetraphyllus 
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appeared at a higher ploidy level and is suggested to be an autotetraploid of A. 

manihot originated through chromosome doubling. Genetic affinity with A. 

esculentus is reported (IBPGR, 1991) pointing to an amphiploid nature. Abelmoschus 

tuberculatus showed the meiotic chromosome count of n = 29 and the somatic 

count of 2n =58 and appears to be at the lower ploidy level [Figs. 34 & 37]. 
 
 

 
Figs. 32-37- PMC’s showing 

chromosomes at meiosis and root tip 

cells showing chromosomes at mitosis. 

Figs. 32 & 35. A. manihot 

(n =33, 2n =66), Figs. 33 & 36 

A. tetraphyllus (n = 69, 2n=138) 

Figs. 34 & 37. A. tuberculatus (n= 29, 

2n=58). All figures x 1200 

 
 
 
 

Hybrid plants were produced in the field by open pollination between A. 

esculentus and A. manihot and also between A. esculentus and A. tuberculatus during 

the course of the study. These plants exhibited intermediate morphological 

characters. However cytological studies could not be conducted to verify their 

genomic affinities. Prabu and Warade (2013) conducted cross compatibility studies 

between the different species of Abelmoschus. The cultivars of A. esculentus were 

found to be compatible both directly and reciprocally with A. tuberculatus, A. 

tetraphyllus, A. caillei, A. manihot, A. manihot ssp. manihot and A. manihot ssp. 

tetraphyllus. They further noted that highest fruit set percentage, number of seeds 

per crossed fruit, crossability index and germination percentage was observed 

when A. esculentus was used as female parent while crossing with all wild species. 

The chromosome numbers in Abelmoschus range from 2n = 38 (A. tuberculatus) 

to 2n = 198 (A . caillei). The species are considered to form a complex of three 

(Charrier, 1984) or four (Hamon and Hamon, 1989) ploidy levels. According to 

Siemonsma (1982), higher ploidy levels probably arose as a result of hybridization 

between species followed by amphidiploidization. Previous literature gives clues 

regarding genomic affinities between certain species. Abelmoschus caillei has been 

described as A. manihot var. caillei. Abelmoschus caillei is suggested to have originated 

as an amphidiploid of A. esculentus and A. manihot. The cytology of the hybrids 

between A. esculentus and A. tuberculatus was studied and it was inferred that 29 
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out of 65 chromosomes of A. esculentus had complete homology with 29 

chromosomes of A. tuberculatus and so it was concluded that one of the parents of 

A. esculentus is A. tuberculatus. Thus A. esculentus is believed to be an amphidiploid. 

Previous reports and present observations on the chromosome numbers in the genus 

have been summarised in Table 6. 

Table 6. Chromosome number reports in species of Abelmoschus 
 

SI. No.       Name of species 
Chromosome number reports 

Authority 

n 2n 
 

1 A. manihot  60 Teshima, 1933; Chizaki, 1934 
  66 Skovsted, 1935; Kamalova, 1977 
  68 Gadwal (In Joshi and Hardas, 1976); 
 33 66 Present study 

 - 70 Present study 

2 A. manihot ssp. tetraphyllus  130 Ugale et al. 1976 

3 A. manihot var. tetraphyllus  138 Gadwal (In Joshi and Hardas, 1976) 

4 A. manihot ssp.  138 Gadwal (In Joshi and Hardas, 1976) 

tetraphyllus var. pungens    

5 A. tetraphyllus 69 138 Present study 

6 A. tuberculatus  58 Joshi and Hardas, 1953; Kuwada, 
   1966, 1974; Gadwal et al., 1968; Joshi 

   el al., 1974 

 29 58 Present study 

* Compiled from IBPGR (1991) 

The somatic numbers reported for A. tuberculatus is 2n=58 and that for A. 

manihot are, 2n = 66 and 70. These species are possibly at the lower ploidy level. 

However it appears that two new basic numbers (x=7, 8) should be added to the 

previously reported list of basic numbers for the genus (x=9, II, 12, 17, 18, 19, 29, 

39) to account for the observed numbers. Though A. manihot has a lower somatic 

number, its morphological variant, A. tetraphyllus is at a higher ploidy level (2n = 

138). The chromosome numbers for the species are very high and the chromosomes 

are considerably small in size. It is difficult to predict the genomic constitution 

and ploidy combinations of these species without further studies. 

The wild species, studied presently A. manihot, A. tetraphyllus and A. 

tuberculatus are likely to find application in hybrid development since they may 

serve as sources of disease and pest resistance genes. Also, the plants reportedly 

possess relatively higher quantity of seed oil, which justify their conservation in 

nature (Jarret et al., 2011). From the study, it is evident that intraspecific variability 
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is present in A. manihot. However, the presently obtained sample of A. tetraphyllus 

cannot be considered to be a variety of A. manihot as it exhibits distinct cytomor- 

phological features. Abelmoschus tetraphyllus is similar to A. tuberculatus in mor- 

phology but is distinct in cytological features. Studies should be extended further 

for a better understanding of the relationships between the taxa. 
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