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Abstract: Nymphaea nouchali 

as of

taxa. The revision of the Sri Lankan Nymphaeaceae has not 

N. nouchali populations 

conducted in 

variations of N. nouchali populations using multivariate 

analyses of morphological and molecular sequence data. Both 

morphometric analysis using 59 characters and matK and 

trnH-psbA N. 

nouchali, 

leaf abaxial surface also supported the grouping.  The study 

N. nouchali in Sri Lanka, 

N. nouchali var. nouchali

N. nouchali var. versicolour (Sims) 

N. nouchali in Sri Lanka is 

diversity, but in addition most importantly, as N. nouchali 

In this context, 

N. nouchali 

var. nouchali 

N. nouchali. A taxonomic key for the 

Sri Lankan Nymphaea

taxa are also produced. 

Keywords:  matK and trnH-psbA, 

morphometric analysis, Nymphaea nouchali.

INTRODUCTION

Water-lilies (Nymphaea

aquatic plants and have attracted the attention of 

botanists, horticulturists and plant enthusiasts 

et al., 2014). The genus Nymphaea exhibits 

50 extant species (Borsch et al er-lily 

family, Nymphaeaceae, is descended from an old and 

evolutionarily early group, that as fossil evidence 

suggests, has occupied the earth from the early Cretaceous 

period 125 – 115 million years ago (Friis et al., 2001). 

traditions of native groups in countries such as Egypt, 

China, Thailand and India, including Sri Lanka.  

 The genus is represented in Sri Lanka by three 

native taxa, N. nouchali Burm. f. (‘Nil manel’;‘Manel’), 

N. pubescens Willd. (‘Olu’) and N. rubra Roxb. ex 

et al., 2014). In addition to naturally 

have been introduced in the past and one violet-

Sri Lanka. The erroneous 

N. nouchali has caused 
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N. nouchali

different taxonomic treatments describe the colour as a 

combination of either ‘blue’, ‘pale blue’, ‘blue-violet’, 

Dassanayake, 1996; La-ongsri et al

emphasis on the character as being of taxonomic 

1905; Slocum et al

taxa is important in terms of documenting the 

biodiversity richness of a country. Field studies carried 

out throughout Sri Lanka have revealed N. nouchali 

the description of

forms of N. nouchali are locally

although they are more related to ‘Manel’ than ‘Olu’ 

morphological variations of N. nouchali populations 

using multivariate analyses of morphological characters 

and a phylogenetic analysis using molecular sequence 

data. 

METHODOLOGY

Morphological studies

Sample collection

 all three major climatic 

viz., Wet, Intermediate and Dry Zones 

studied in detail at the Plant Systematics Laboratory, 

Department of Botany, University of Peradeniya. 

at the Department of Botany, University of Peradeniya, 

Sri Lanka and the Faculty of Agriculture and Plantation 

Management, Wayamba University of Sri Lanka during 

the study. 

Character coding

selected from each population, and qualitative and 

either by the naked eye or under a dissecting or 

colour chart (RHS Colour Chart, 2001). Special attention 

in the morphometric analyses is given in Table 1. 

Data analysis

coordinate analysis (PCoA) and hierarchical cluster 

2.15) (Hammer et al

C = 2) to generate a distance matrix to use in the PCoA. 

Molecular studies 

N. nouchali  representing

matK (matK-390f 

matK-

(Cuenoud et al., 2002) and psbA-trnH [psbA-F5'–

et al., 1997), 

trnH-R

polymerase chain reaction (PCR) technique. For all the 
® Flexi DNA polymerase 

(Madison, WI, USA)  according to the 

manufacturer’s recommendations. PCR

2
, 

Mastercycler thermal cycler (Hauppauge, NY, USA). 

The programme consisted of 3 min of initial denaturation 

matK and psbA-trnH, 
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bromide, and visualised on a UV illuminator. The 

sequencing reactions using Applied Biosystems, 3500 

genetic analyser (Department of Molecular Biology 

and Biotechnology, Faculty of Science, University of 

and assembled and consensus for resulted sequences 

BioEdit version 7.1.11 (Tom Hall, Ibis Biosciences, 

California, USA). Basic Local Alignment Search Tool or 

Figure 1: Sample collection locations of Nymphaea nouchali for the present study
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the BLAST (Altschul et al

to a particular species. CLUSTALW  used to perform 

multiple sequence alignment (Thompson et al., 1997). 

Table 1: List of characters and their character states used in the morphological studies

Character  Character state/unit

Diameter of the receptacle mm

Receptacle height cm

Number of petals 

Petal length (outer petals) cm

Petal shape Linear-lanceolate, ovate-lanceolate, ob-lanceolate

Number of veins per petal 

Petal apex-shape and angle Acute, obtuse

Number of stigmatic segments 

Diameter of the stigmatic disk mm

Length of central projection  mm

Width of central projection at base  mm

Number of sepals 

Sepal length cm

Sepal shape Ob-lanceolate, linear-lanceolate, ovate-lanceolate

Sepal colour - outer surface - base Light green, green

Sepal apex - shape and angle Acute, obtuse

Number of stamens 

Pedicel diameter cm

Pedicel - cross section No. of  lacunae

Petiole - cross section No. of  lacunae

Leaf shape Round, ellipsoid

Leaf length cm

Distance of leaf apex cm

Continued -
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Sequences generated from mat psbA-trnH from 

 groups of Nymphaea, and 

for 

psbA-trnH gene region

The phylogenetic relationship

using only the psbA-

trnH

for N. nouchali for the mat

highest log likelihood (-1291.4168) 

tree

by applying the neighbour-join and BioNJ algorithms 

maximum composite likelihood (MCL) approach, and 

value. 

replicates.

lengths measured in the number of substitutions per site. 

by the psbA-trnH gene region. All positions containing 

total of 440 nucleotide positions 

psbA-trnH gene region

et al., 2011). 

RESULTS AND DISCUSSION

Morphological analyses 

operational taxonomic units (OTUs) (hereafter referred 

approximately 0.23 distance units (Figure 2). The OTUs 

to similarity percentage  (SIMPER) analysis the average 

from the PCoA (73.4991, 25.9598, 10.0925 and 9.5394) 

accounted for 80.39 % of the total variance (49.61, 

17.52, 6.81 and 6.44 %, respectively

separation of OTUs) resulted in a separation similar to 

that obtained by the cluster analysis. Here, the PCoA 

corresponding exactly to one of the phenetic group 

axes.

Molecular analyses 

matK and trnH-psbA 

gene regions, respectively. When comparing mat

trnH-psbA gene regions among the three colour variants 

of N. nouchali, the mat

N. nouchali vs pink N. nouchali 

and blue N. nouchali vs N. nouchali those 

N. nouchali 

N. nouchali. Similarly, for trnH-psbA the variation 

N. nouchali vs pink N. nouchali and blue 

N. nouchali vs N. nouchali 

N. nouchali and 

N. nouchali (Table 2). 

- Continued from page 314

Character  Character state/unit

Lamina colour (adaxial) Dark green, light green, green

Leaf margin Wavy, smooth

Leaf sinus and lobe tip V shape, overlapping

Leaf adaxial surface streaks Present, absent

Leaf abaxial surface - dots Absent, present

Leaf venation (abaxial) Visible, faintly visible

Leaf apex Division present, absent

Petiole diameter cm

Petiole shape in cross section Round, elliptic

Petiole colour Light green, reddish green

Petiole pubescence Absent, present

Leaf - cross section Shape-1, Shape-2
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According to the results of the BLAST hit lists for the 

mat N. nouchali variants 

a species 

 as N. nouchali from Assam, India (Dkhar 

et al., 2010). The psbA-trnH sequences of all native 

N. nouchali variants 

the highest similarity scores of 97 % and 95 % to 

N. cyanea, 

and FJ527754.1 labelled N. nouchali, respectively, both 

apparently collected from Thailand (Chaveerach et al., 

2011).  

Figure 2: Dendrogram produced from the multivariate analysis of morphological characters of N. nouchali. 
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The results of the morphometric analysis clearly 

recognised

studied OTUs of N. nouchali. The separation of 

The other morphological features that contributed to 

the delimiting of

green and purple to deep blue-violet in group A (blue-

members of the group A generally had more petals and 

stamens (averaging 34 stamens and 15 petals) than the 

group B members (averaging 30 stamens and 14 petals), 

other morphological 

characters that strongly supported the division apart from 

 Compared sequences Dissimilarity %

 matK psbA-trnH

Blue N. nouchali vs pink N. nouchali  0.33  48 

Blue N. nouchali vs N. nouchali  0.33  48 

Pink N. nouchali vs  N. nouchali  0  0 

Table 2: Comparison of matK and trnH-psbA gene regions among 

the three colour variants of N. nouchali

Figure 4: Maximum likelihood phylogenetic tree generated using psbA-trnH sequences of three 

colour variants of N. nouchali

The maximum likelihood phylogenetic tree generated 

using psbA-trnH sequences of the three colour variants 

of N. nouchali

N. nouchali are 

resolved as a 

N. nouchali

monophyletic group . 

Figure 3: Scatter plot from PCoA of morphological characters of 

N. nouchali N. nouchali; 

N. nouchali; and 

N. nouchali  
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regions, the matK

the psbA-trnH

groups. The gene 

for both regions. Results of the BLAST gave a 100 % 

similarity for matK and 95 % similarity for psbA-trnH 

gene sequences for the three native N. nouchali colour 

Asia. 

N. nouchali. 

 

 Hooker (1875) and Hooker and Thomson (1855) 

included Sri Lankan (then Ceylonese) plants in their book 

N. stellata

N. stellata var. cyanea

N. stellata var. Hook. 

small and blue) (this 

variety should properly have been called var. stellata, 

included), and N. stellata 

var. versicolour large

varieties, N. stellata var. cyanea

N. stellata var. 

versicolour 

N. stellata 

(var. stellata N. stellata var. 

properly synonymised. Slocum et al. (1996) also 

recognised the same varieties as Conard (1905), but 

N. nouchali under N. nouchali 

var. versicolour. According to Slocum et al. (1996), the 

latter is native to Sri Lanka, India, Indo-china and the 

N. nouchali occur in Thailand 

(based on Slocum et al., 1996); N. nouchali var. cyanea 

N. nouchali var. versicolour

All of these authors recognised 3 taxa: 2 named varieties 

(cyanea and versicolour) in addition to the typical var. 

nouchali. The same is true of Ansari and Jeeja (2009) 

have 

segregated N. malabarica Poir., 

said to be endemic to India, although Poiret (Conard, 

1905 and reference therein) described this as having a 

red, blue, or purple corolla from a specimen collected 

in Mauritius, taken as the type (original specimen) by 

Conard (1905). They have included

the range of variation of both var. nouchali

they synonymise var. cyanea, and var. versicolour. 

Because N. nouchali

) the difference of 

the typical form and var. cyanea

by Ansari and Jeeja (2009).  

 The results of the present study is strongly in 

N. nouchali

petiole and leaf abaxial surface colour,  further 

supported by psbA-trnH 

circumscription by Ansari and Jeeja (2009). According 

to them, N. nouchali var. nouchali (syn.: var. cyanea) 

N. nouchali var. versicolour 

pinkish tinge and slightly fragrant. The number of petals 

number of petals and shape). Similarly, the segregation 

N. malabarica Poir. is not 

satisfactory as the characters used to distinguish this 

Poiret (Conard, 1905 and reference therein) described 

N. malabarica Poir. as a species having a red, blue, or 

 The morphological

that resulted based on the previous 

taxonomic treatments  and

pollen morphology by Bodhipadma et al. (2013) on the 

N. nouchali var. versicolour, ‘Bua Phan’ 

and ‘Bua Phuean’ also recorded that there is no difference 

  

psbA-trnH sequences, this could imply that either both 

mainland entity. 
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recognised here for N. nouchali in Sri Lanka; 

N. nouchali var. nouchali

N. nouchali var. versicolour

N. malabarica Poir. is synonymised under the latter.  A 

 taxonomic key to the genus Nymphaea in Sri Lanka 

a tongue-shaped appendage beyond the anther or 

appendage very short …………………...…………2 

appendage beyond the anther to 5 mm long. 

……………………………..………..………......…3

N. pubescens

2b. Leaf abaxial surface dark purple, venation pattern 

red; stamen long, cinnabar  red; stigmatic surface 

crimson red   ………………….....……....   N. rubra

3a. Leaf abaxial surface purple to deep blue-violet, 

...........................................N. nouchali var. nouchali 

...................................... N. nouchali var. versicolour

N. nouchali, N. nouchali var. nouchali

and N. nouchali var. versicolour

  

Nymphaea nouchali Burm. f., Fl. Ind. 120. 1768; 

Nicolson et al., Interpr. Hort. Malab. 198. 1988. Type: 

from India. 

Nymphaea stellata Willd., Sp. Pl. 2: 1153. 1799; Trimen, 

Handb. Fl. Ceylon 1: 50. 1893. Type: from Malabar, 

India.

up to c. 4 cm in diameter. Petioles up to c. 8 mm thick, 

terete, smooth. Stipules fused to petiole base for c. 5 mm, 

free for c. 2 cm, free part falcate, membranous, purplish. 

coriaceous, smooth, glossy bright green above and 

rotund, orbicular or suborbicular, incised-cordate at base; 

veins prominent beneath. Pedicel erect, stout smooth, 

similar to sepals, inner smaller and more petaloid, linear-

Figure 5: N. nouchali. 

A1 and A2 Nymphaea nouchali var. nouchali, N. nouchali var. versicolour; B1 and B2 (pink colour); 
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long, c. 5 mm broad, inner c. 4 mm long, 1 mm broad. 

appendage beyond, this in the outer stamens faintly blue 

at ends. Fruit subglobose, to c. 5 cm broad. Seeds many, 

N. nouchali var. nouchali 

[N. stellata var.

1(2): 243. 1855, nom. inval., as it included in the type of 

the species].

= N. stellata var. cyanea

1(2): 243. 1855; N. nouchali var. cyanea

Thomson) M. R. Almeida, Fl. Maharashtra 1: 28. 1996.

purple blotches, abaxial surface purple to deep blue-

N. nouchali var. versicolour (Sims) Guruge and 

Yakandawala, comb. nov. 

Based on: Nymphaea versicolour Sims, Bot. Mag. 29: 

t. 1189. 1809; [Roxburgh, Hort. Bengal. 41. 1814, nom. 

nud.],  Fl. Ind. 2: 577. 1832 [isonym].

N. stellata var. versicolour

Fl. Ind. 1(2): 243. 1855

[N. nouchali var. versicolour

of valid publication, despite its having been cited by 

presumed basionym authors]. 

= N. malabarica Poir., Encycl. 4: 457. 1798.

N. nouchali in 

Sri Lanka in addition to enriching  its natural diversity, is 

also  to the nation in a different context as the 

native N. nouchali

Sri Lanka in 1986 due to its aesthetic value, historical and 

N. nouchali or the ‘Nil manel’ 

N. nouchali var. nouchali 

N. nouchali. The 

blue variety has been referred under several vernacular 

names in Sinhala, Tamil, Sanskrit and Pali, etc; as it 

, ‘Nil manel’, ‘Nilupul’, ‘Nilopthpalam’, 

other utility values, especially medicinal values. The 

to be of medicinal value. Considering the occurrence 

N. nouchali var. 

nouchali

N. nouchali var. versicolour 

Nymphaea species (‘Dam-manel’) in 

of native N. nouchali. 

that could also pose a threat to the genetic integrity of the 

native populations. 

CONCLUSION

taxa for species N. nouchali in Sri Lanka; 

N. nouchali var. nouchali

N. nouchali var. versicolour

 of 

N. nouchali in Sri Lanka) in addition to contributing to its 

natural diversity, is important in a different context as it 

N. nouchali var. nouchali  

N. nouchali. Further, the taxonomic key generated based 

on the present study for Sri Lankan Nymphaea species 
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