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Abstract: Nymphaea pubescens Willd. is a notorious invasive species of aquatic ecosystem. 
Understanding the reproductive biology of this one is essential towards prevention and management of 
its invasive potential. However, little is known about the sexual and asexual mechanisms of reproduction 
of this species. Thus, exploration on the reproductive biology of N. pubescens Willd. has been conducted 
with emphasis on the documentation of the morphology of its reproductive parts and monitoring of its 
rate of germination. The reproductive biology of N. pubescens Willd. influences its invasive potential. 
The striking flowers of this species attract numerous pollinators such as insects and humans. Each fruit 
of this species harbors 11-14 seeds that could germinate at the rate of 100%. The morphology of the 
seeds aids in its ability to successfully establish population since it is more resilient to biotic and abiotic 
disturbances. The rhizome of this plant has great contribution to its invasiveness. It is considered as the 
main challenge in the control of this species as it is embedded underground below the water surface 
which is not reached by any control protocols. Thus, it is highly recommended for the control managers 
not to just focus its control methods on the superficial surfaces, but should also consider including soil 
under water bodies to ensure complete removal of the rhizome and other vegetative parts to avoid 
regrowth and re-establishment of the population of this invasive species. 
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Introduction: 1 
 
Nymphaea pubescens Willd. is a member of 
aquatic lilies, distinguished from other 
species through its hairy petiole and pinkish 
flowers. It is a perennial herb distributed 
commonly throughout the shallow lakes and 
ponds of temperate and tropical Asia (Guruge 
et al. 2016). This macrophyte is cultivated for 
horticultural purpose used as an offering in 
temples, traditional medicine for diabetes 
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(Karthiyayini et al. 2011; Angadi et al. 2013) 
and its seeds were used as an alternative to 
rice and a potential source of raw material for 
food industry (Nizam and Arampath 2016; 
Aliyu et al. 2017). However, this species is 
reported as an invasive one of aquatic 
ecosystems and seasonal tanks in countries 
like Sri Lanka and United Kingdom 
(Munasinghe et al. 2010).   

The excessive growth of aquatic species 
led to serious water quality problems 

 
 
  
 
 
 

Istros – Museum of Braila "Carol I" 

                                            

mailto:adnietes@up.edu.ph


J. Wetlands Biodiversity (2021) 11: 49-61 50 

particularly in the usability and management 
of water resources (Chapman et al. 1974). 
Aquatic plants have caused increase siltation 
in water bodies thereby reducing its clarity. Its 
invasiveness triggered deleterious impacts 
causing the alteration of the natural function 
and services of an ecosystem resulting in 
economic and ecological instability 
(Chandrasena and Rao 2017). Thus, calls for 
a need to understand the factors that promote 
the invasion of these species to prevent and 
manage such environmental dilemma. 

Invasive species is only capable of 
excessive proliferation if they can manage 
successful reproduction (Blackburn et al. 
2011; Mazzolari et al. 2017). Most of these 
plants display a wide array of reproductive 
mechanism either through vegetative or 
sexual reproduction (Albert et al. 2015); and 
these mechanisms influence the success of 
invasion as it determines the number of 
propagules that are needed in population 
establishment. Thus, knowledge in plant 
reproduction is a necessity to understand 
biological invasions (Ward et al. 2012; 
Redmond and Stout 2018). The quality and 
quantity of seeds and the rate of its 
germination, the ability to attract pollinating 
vectors and seed dispersers, the ability to self-
fertilize (Redmond and Stout 2018) and to 
asexually reproduce are among the 
information that needs to be established to 
effectively understand the invasiveness of a 
species. All of these factors related to 
strategies of reproduction could provide 
insights into the invasion mechanisms of alien 
species and prove essential in formulating and 
implementing prevention and control 
strategies (Sun et al. 2018). However, 
regardless of the eminent need for this 
knowledge, little information is available on 
the reproductive mechanisms and pollination 
requirements of most invasive species 
(Traveset and Richardson 2014; Mazzolari et 
al. 2017) and even explorations on the 
contribution of asexual reproduction to the 
invasion process are scarce (Budde et al. 
2011; Mazzolari et al. 2017). Thus, this paper 
intended to explore the reproductive biology 
of N. pubescens Willd., to document the 

morphology of its reproductive parts and 
record its germination rate. 

 
 

Materials and methods: 
 
Flower and fruit of N. pubescens Willd. were 
collected in the Lake Pinamaloy, Don Carlos, 
Bukidnon (Fig. 1, Annexes). Morphological 
characteristics of the reproductive parts were 
described. Twelve mature seeds of the species 
were collected and were grown in 3 plastic 
containers representing the replicates with 4 
seeds each. The seeds were grown inside a 
container with water as the growing medium. 
Observations of the germination rate lasted 
for 7 day. 

 
 
Results and discussion: 
 
Morphological descriptions of the N. 
pubescens Willd. flowers and fruits are shown 
in Table 1. The species is noted for its solitary 
terminal flower with pink admirable petals 
and sepals. Numerous numbers of stamen and 
pistil were also observed (Fig. 2, Annexes). 
The flower is bisexual, which made this 
species capable of self-fertilization wherein 
the aid of pollinators is no longer or less of a 
necessity for this plant to reproduce. The 
ability to self-fertilize enhances its 
reproductive success, hence diminishing the 
problems encountered in cross pollination, 
where pollinators and the uncertainty of 
fertilization during long-distance pollination 
are being considered (Busch and Delph 2012; 
Shivanna 2014; Razanajatovo et al. 2016; 
Van Etten et al. 2017). 

The orientation of its ovary is superior 
with 11-14 locules harboring the same 
number of ovules which would develop to its 
fruit after fertilization. The striking color of 
the flower of N. pubescens Willd. does not 
just attract insects and birds but also humans, 
able to become a viable pollinator and 
disperser of the pollen and seeds of this plant. 

The fruit of N. pubescens Willd. is known 
to be a berry of 15-20 mm long seeds 
embedded in it (Fig. 3, Annexes). Each 
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individual fruit of N. pubescens Willd. 
harbors 11-14 seeds with 100% rate of 

germination that starts around the 3rd day of 
inoculation (Tab. 2, Fig. 4-5, Annexes).

 
Table no. 1 Morphological description of the Reproductive parts of N. pubescens Willd. 
 

Characters Description 
Flower  
No. of petals 10-15 
Petal color Pink 
No. of sepals 4 
Sepal color Pink 
Stamen Present (Numerous) 
Pistil Present (11-14) 
Ovary orientation Superior 
No. of locule 11-14 
No. of ovule 11-14 
Fruit  
Type of fruit berry 
Fruit size 40-50 mm 
No. of seeds 11-14  
Size of seeds 15-20 mm 

 
 
Table no. 2 Rate of Germination of the N. pubescens Willd. seeds 
 

 Rate of Germination 
(4 seeds/ replicate) 

Day of germination first observed 
in each replicates 

Replicate 1 100% 3rd day 
Replicate 2 100% 3rd day 
Replicate 3 100% 3rd day 
Average  100%  

 
 
 

This rate of germination is high enabling 
the growth of a new propagule; however 
comparing the number of seeds produced by 
N. pubescens Willd. with other common 
invasive species such as Poaceae and 
Cyperaceae, the seed quantity of this species 
is quite low as other invasive species may 
harbor a much higher number of seeds in a 
single branch. The quantity of seeds produced 
by a plant greatly affects the number of its 
population in an area and thereby influences 
the invasiveness of the species (Mazzolari et 
al. 2017). Nonetheless, ecologist and area 
managers should not be complacent in 
monitoring the invasiveness of N. pubescens 
Willd. as the seeds of this plant were more 
resilient to environmental disturbance 

compared to other invasive species as it is 
noted to be heavier and features a hardened 
pericarp. This characteristic is useful in 
protecting the delicate embryo inside the seed 
against physical biotic and abiotic pressures/ 
disturbance, thus increasing the potential of 
higher germination rate and propagule 
establishment in natural environment. 
According to Leishman (2001) and Moles and 
Westoby (2006), heavier seeds and fruits are 
better in terms of quality as largely 
provisioned seeds are capable of sustaining 
themselves in situations of limited resources 
where the seedlings are inclined to rely on its 
stored reserves.  

Aside from this, N. pubescens Willd. is 
also capable of reproducing asexually and 
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expanding its population to a larger area 
through its stolon and rhizomes. These 
modified stems persist through the ground 
under the waterbodies such as lakes and 
ponds which are the common habitat of this 
species, enabling it to increase in number and 
area of its proliferation. According to Peng et 
al. (2017) asexual reproduction has great 
contribution on the invasiveness of the 
species as it does not rely on pollinators and 
dispersers to reproduce. 

Controlling the proliferation of N. 
pubescens Willd. is quite challenging since it 
is limited to uprooting the plant. However, 
such method has rendered ineffective due to 
the rhizome that are steadily and sturdily 
embedded underground. During physical 
uprooting of the plants, these modified stems 
are left below the ground thus still enabling 
such species to regrow and establish new 
propagule. Chemical control of this invasive 
species was not considered as it may 
contaminate the water bodies and harm other 
existing terrestrial and aquatic organisms and 
also the community which may be relying its 
water source on aquatic ecosystem. This 
leaves area managers and ecologists to 
depend more on physical or mechanical 
protocols of control; albeit there is a need to 
develop control methods and not just focus on 
superficial uprooting of the plants, but should 
formulate a protocol that would be effective 
in including the eradication of stolon and 
rhizomes of N. pubescens Willd. 
 
 
Conclusions: 
 

The present paper revealed the invasive 
potential of N. pubescens Willd. and the big 
role of reproductive biology to its 
invasiveness. The morphology of the species 
specially of its sexual and asexual parts 
promotes the success of its reproduction and 
its ability to establish population at a wider 
range. The modified stems (stolon and 
rhizome) are considered as a great contributor 
to its invasiveness which allows N. pubescens 
Willd. to proliferate profusely in aquatic 
ecosystem. These stolon and underground 

rhizomes rendered unreachable by control 
measures as they are situated below the water 
bodies. Thus, underwater methods of 
mechanical control are also recommended to 
ensure elimination of rhizome, stolon and 
other vegetative parts which may aid in the 
regrowth of this species. Studies on 
monitoring the viability of seeds and further 
exploration on the asexual reproduction of N. 
pubescens Willd. are recommended to acquire 
more fundamental and substantial 
information on its contribution to the 
invasiveness of this species. These researches 
would be an essential addition to the existing 
knowledge on reproductive and invasive 
biology. 
 
 
Rezumat: 
 

BIOLOGIA REPRODUCERII LA 
NYMPHAEA PUBESCENS WILLD. 

(NYMPHAEACEAE) 
 

Nymphaea pubescens Willd. este o specie 
invazivă notorie a ecosistemului acvatic. 
Înțelegerea biologiei reproductive a acesteia 
este esențială pentru prevenirea și gestionarea 
potențialului său invaziv. Cu toate acestea, se 
cunosc prea puține lucruri despre 
mecanismele sexuale și asexuale de 
reproducere ale acestei specii. Astfel, 
explorarea biologiei reproductive la N. 
pubescens Willd. a fost realizată cu accent pe 
documentarea morfologiei părților sale de 
reproducere și monitorizarea ratei sale de 
germinare. Biologia reproductivă a N. 
pubescens Willd. influențează potențialul său 
invaziv. Florile acestei specii atrag numeroși 
polenizatori precum insectele și oamenii. 
Fiecare fruct al acestei specii adăpostește 11-
14 semințe care ar putea germina cu o rată de 
100%. Morfologia semințelor ajută la 
capacitatea sa de a stabili cu succes populația, 
deoarece este mai rezistentă la tulburările 
biotice și abiotice. Rizomul acestei plante are 
o mare contribuție la invazivitatea sa. Este 
considerat principala provocare în controlul 
acestei specii, deoarece este încorporat în 
pământ sub suprafața apei, care nu este atinsă 
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de niciun protocol de control. Astfel, este 
foarte recomandat managerilor să nu-și 
concentreze metodele de control doar pe 
suprafețele superficiale, ci ar trebui să ia în 
considerare și includerea solului de sub 
corpurile de apă pentru a asigura îndepărtarea 
completă a rizomilor și a altor părți 
vegetative, pentru a evita creșterea și 
restabilirea populației acestei specii invazive. 
 
 
References: 
 
ALBERT A., BRISSON J., BELZILE F., 

TURGEON J., LAVOIE C. (2015),  Strategies 
for a successful plant invasion: the 
reproduction of Phragmites australis in north‐
eastern North America, Journal of 
Ecology 103(6): 1529-1537. 

ALIYU M., ATIKU M.K., ABDULLAHI N., 
ZAHARADDEEN A., IMAM A.A. (2017), 
Comparative Evaluation of Nutritional 
Qualities of Nymphaea lotus and Nymphaea 
pubescens Seeds, International Journal of 
Biochemistry Research & Review 19(3): 1-10.  

ANGADI K.K., KANDRU A., RAHAMAN A. 
(2013), Antihyperglycaemic, 
Antihyperlipidaemic and Antioxidant assays 
(in vivo) of Nymphaea pubescens leaf extract, 
International Journal of Pharma and Bio 
Sciences 4(2): 624-630. 

BLACKBURN T.M., PYŠEK P., BACHER S., 
CARLTON J.T., DUNCAN R.P., JAROŠÍK 
V., WILSON J.R., RICHARDSON D.M. 
(2011), A proposed unified framework for 
biological invasions, Trends in Ecology & 
Evolution 26(7): 333-339. 

BUDDE K.B., GALLO L., MARCHELLI P., 
MOSNER E., LIEPELT S., ZIEGENHAGEN 
B.,  LEYER I. (2011), Wide spread invasion 
without sexual reproduction? A case study on 
European willows in Patagonia, Argentina, 
Biological Invasions 13(1): 45-54. 

BUSCH J.W., DELPH L.F. (2012), The relative 
importance of reproductive assurance and 
automatic selection as hypotheses for the 
evolution of self-fertilization, Annals of Botany 
109(3): 553-562.  

CHANDRASENA N.R., RAO A.N. (2017), 
Asian-Pacific weed science society: a glimpse 
of the past 50 Years and perspectives, Asian-
Pacific Weed Science Society (APWSS); 
Indian Society of Weed Science (ISWS), India 

and The Weed Science Society of Japan 
(WSSJ), Japan.  

CHAPMAN V.J., BROWN J.M.A., HILL C.F., 
CARR J.L. (1974), Biology of Excessive Weed 
Growth in the Hydro-electric Lakes of the 
Waitako River, New Zealand, Hydrobiologia 
44: 349-367. 

GURUGE D.S.K., YAKANDAWALA D., 
YAKANDAWALA K. (2016), Confirming the 
identity of newly recorded Nymphaea rubra 
Roxb. ex Andrews discerning from Nymphaea 
pubescens Willd. using morphometrics and 
molecular sequence analyses, Bangladesh 
Journal of Plant Taxonomy 23(2): 107-117. 

KARTHIYAYINI T., NAGESH R.S., 
SENTHILKUMAR K.L. (2011), Anti-diabetic 
activity on the flowers of Nymphaea pubescens 
Willd., Research Journal of Pharmaceutical, 
Biological and Chemical Sciences 2(1): 866-
873. 

LEISHMAN M.R. (2001), Does the seed 
size/number trade‐off model determine plant 
community structure? An assessment of the 
model mechanisms and their generality, 
Oikos 93(2): 294-302. 

MAZZOLARI A.C., MARRERO H.J., 
VÁZQUEZ D.P. (2017),  Potential 
contribution to the invasion process of 
different reproductive strategies of two 
invasive roses, Biological Invasions 19(2): 
615-623. 

MOLES A.T., WESTOBY M. (2006), Seed size 
and plant strategy across the whole life cycle, 
Oikos 113(1): 91-105. 

MUNASINGHE J.U., DILHAN M.A.A.B., 
SUNDARABARATHY T.V. (2010), 
Utilization of Aquatic plants: A method to 
Enhance the Productivity of Water in Seasonal 
Tanks in the Anuradhapura 
District, International Water Management 
Institute, Sri Lanka.  

NIZAM N., ARAMPATH P.C. (2016), 
Development of Olu (Nymphaea pubescens 
Willd.) seed flour incorporated cookies and 
determination of organoleptic properties, 
Tropical Agricultural Research 27(4): 420-
426. 

PENG X., LI H., YANG Y., ZHI H., LI C., GUO 
J. (2017), Vegetative propagation capacity of 
invasive alligator weed through small stolon 
fragments under different treatments, Scientific 
reports 7(1): 1-10. 

RAZANAJATOVO M., MAUREL N., 
DAWSON W., ESSL F., KREFT H., PERGL 
J., PYŠEK P., WEIGELT P., WINTER M., 

Istros – Museum of Braila "Carol I" 



J. Wetlands Biodiversity (2021) 11: 49-61 54 

VAN KLEUNEN M. (2016), Plants capable of 
selfing are more likely to become naturalized, 
Nature Communications 7(1): 1-9. 

REDMOND C.M., STOUT J.C. (2018), Breeding 
system and pollination ecology of a potentially 
invasive alien Clematis vitalba L. in Ireland, 
Journal of Plant Ecology 11(1): 56-63. 

SHIVANNA K. (2014), Reproductive assurance 
through autogamy in some annual weed 
species, Proceedings of the National Academy 
of Sciences, India. 

SUN S., LU B., LU X., HUANG S. (2018), On 
reproductive strategies of invasive plants and 
their impacts on native plants, Biodiversity 
Science 26(5): 457-467. 

TRAVESET A., RICHARDSON D. (2014), 
Mutualistic interactions and biological 
invasions, Annual Review of Ecology, 
Evolution, and Systematics 45: 89–113.  

VAN ETTEN M.L., CONNER J.K., CHANG 
S.M., BAUCOM R.S. (2017), Not all weeds 
are created equal: A database approach 
uncovers differences in the sexual system of 
native and introduced weeds, Ecology and 
Evolution 7(8): 2636-2642. 

WARD M., JOHNSON S.D.,  ZALUCKI M.P. 
(2012), Modes of reproduction in three 
invasive milkweeds are consistent with 
Baker’s Rule, Biological Invasions 14(6): 
1237-1250. 

 
 
Annexes: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Istros – Museum of Braila "Carol I" 



J. Wetlands Biodiversity (2021) 11: 49-61 55 

Figure no. 1 Lake Pinamaloy, Don Carlos, Bukidnon. a. Map and Satellite view of the sampling 
site; b. sampling site infested by N. pubescens Willd 
 
a.  
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b. 
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Figure no. 2 Flower of N. pubescens Willd. a - fully bloomed flower; b - sepals; c - ovary, stamen 
and pistil 
 

a. b. 

  
c.   
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Figure no. 3 Fruit of N. pubescens Willd. a - dorsal side of the fruit; b - ventral side of the fruit with 
the locules and seeds; c - seed 
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