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ABSTRACT
Nymphoides krishnakesara Joseph and Sivar. (Menyanthaceae), an endangered aquatic angiosperm, endemic to
Kerala, was multiplied and propagated through in vitro culture. It is a rare species with very restricted distribution
occurring in a single location. It is an annual herb, grows in shallow temporary pools on laterite. The nodal explants
when cultured in Murashige and Skoog (MS) medium attained bud break in 20 days. Maximum multiple shoot
proliferation observed in 1.0 mg/L benzyl amino purine (80 shoots/explant). Shoots developed in vitro were rooted in
MS medium with both indole 3-butyric acid (IBA) (1.0 mg/L) and naphthalene acetic acid (mg/L). Roots developed
in IBA are found to be more favorable based on the histological studies. The rooted plantlets were then transferred to
the field after hardening and they flowered after 2 months. Total time taken from explants to flowering is 10 months.
This work standardizes an easy protocol for mass production of plantlets, and thus enhances conservation of this
endemic and rare aquatic plant. The hardened plants were successfully reintroduced and recorded 100% survival.

1. INTRODUCTION
India is rich in its aquatic flora, of which majority comprises from
South India. Among the aquatic plant diversity Nymphoides Seg. is
an interesting genus of about 20 spp. [1], widely distributed in the
tropical and temperate regions of both the Old World and the New
World. Nymphoides krishnakesara, an endemic emergent herb found
in shallow waters of seasonal ponds of lateritic hills, is an interesting
dioecious plant [2]. N. krishnakesara was originally reported from
Madayipara, a midland lateritic hill in Kannur District, Kerala, South
India [2]. Habitat of the species is threatened due to environmental
modifications and urbanization. Its occurrence in a single location
made this plant endemic to Northern Kerala and also included in the
IUCN Red list of threatened species version 2011 [3]. The plant being
dioecious and unavailability of male and female plants in the same
location restricts the natural propagation through seeds. In traditional
folklore medicine, the flowers and roots of this plant are used as a
febrifuge [4].
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The genus can be easily distinguished from the similar looking water
lilies (Nymphaea spp.) by its petiole-like uniphyllous sympodial
branches bearing a cluster of flowers at the nodal region. Only few
works were undertaken on the micropropagation of Nymphoides spp.
The genus Nymphoides is a less exploited one. A protocol for rapid
shoot organogenesis from petiole explants of the ornamental aquatic
plant Nymphoides indica L. [5] and indirect regeneration of Nymphoides
cristatum floral buds [6,7] are some works on the genus. The application
of tissue culture as a tool for the conservation of rare and endangered
plants has gained huge trust in the recent decades. The present study was
undertaken to formulate a standard protocol for micropropagation of the
endangered and endemic species N. krishnakesara Joseph and Sivar. and
its introduction to the field, thereby helping habitat restoration.
2. MATERIALS AND METHODS

2.1. Bud Break and Proliferation
A healthy growing plant in the Aquagene (Aquatic Plant Conservatory of
Malabar Botanical Garden and Institute for Plant Sciences) introduced
from the original locality is used as the explant source. Nodal cuttings
from fresh sprouts (3rd and 4th leaf) were used as explants [Figure 1a].
The leaves were collected, washed in running water for 25 min and the
nodal region was separated and treated with Tween 20 (2–3 drops in 1 L
distilled water) for 15 min followed by washing with double distilled
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water 3–5 times. Surface sterilization of explants was done with 0.1%
(w/v) HgCl2 for 2–3 min and washed thrice with sterile double distilled
water before inoculation inside the laminar air flow chamber. The nodal
segments were trimmed into two equal vertical halves of about 1 cm
long aseptically and used directly as the explant. The surface sterilized
explants were inoculated in Murashige and Skoog (MS) basal medium
[8] and MS medium with combinations of auxins (indole 3-butyric
acid [IBA]*, naphthalene acetic acid [NAA]**) and cytokinins (benzyl
aminopurine [BAP]***) were tried for shoot or root induction. Once
shoot formation was noticed, they were subcultured in the rooting
medium with auxin after the formation of roots and they were transferred
to basal MS medium containing low concentration (4.5 mg/L) of agar.
After 2–3 weeks, the fully developed plants were transferred to pots
with sterile clay and kept in the greenhouse for hardening.
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The media used were fortified with 3% sucrose and the pH adjusted
to 5.8, before the addition of agar and followed by autoclaving at
121°C for 20 min. The cultures were maintained at 25 ± 1°C with 70%
relative humidity and a photoperiod of 12/12 h 35–40 µ/mol m−2 s−1
irradiance provided by cool white fluorescent tubes.

2.2. Anatomical Studies
The roots developed in vitro were investigated anatomically. Hand
sections of root formed in medium supplemented with 0.5 mg/L
IBA and 0.5 mg/L NAA were taken, stained with 1% safranine and
observed under microscope and photographed.
3. RESULTS AND DISCUSSION

3.1. Establishment of Explants and Bud Initiation
The nodal segments inoculated on basal MS medium showed bud break
after 20 days. After the bud break, direct regeneration of a single shoot
was noticed on the 30th day of inoculation in MS medium without any
PGR [Figure 1b]. Once the regeneration is noticed, they were transferred
to the multiplication medium. Different concentrations (0.25–1.0 mg/L)
[Figures 2 and 3] of cytokinins (BAP) were tried for shoot proliferation.
Highest shooting percentage (90%) with maximum shoot proliferation
(80 shoots/explant) is attained in medium supplemented with 1.0 mg/L
BAP [Figure 1c]. 0.25 and 0.5 mg/L BAP gives 20 and 50 shoots/
explant and 60% and 80% of shooting response, respectively. Initially,
the concentration of agar used was 6.5 g/L in which the in vitro shoot
development showed stunted growth with brittle leaves [Figure 1d].
A combination of BAP and IBA both 0.5 mg/L showed rhizogenesis
after 10 days along with multiple shoots where the shooting percentage
noticed was the same as that of 0.5 mg/L fortified medium.

Figure 1: (a) Habit, (b) direct organogenesis, (c) multiple shoot formation
in 1mg/L benzyl amino purine, (d) short and brittle leaves in 6.5 mg/L Agar,
(e) induction of roots in 0.5 mg/L Naphthalene acetic acid. (f) induction of
roots in 0.5 mg/L Indole 3- butyric acid.

3.2. Effect of Auxin in the Development of Roots
The in vitro regenerated shoots were excised and transferred to rooting
medium with different concentrations (0.5 and 1.0 mg/L) [Table 1]
of auxins (IBA and NAA). Both IBA and NAA were found to be
effective in rhizogenesis. In vitro developed shoots when subcultured
in a medium with 0.5 mg/L NAA showed rhizogenesis after 5 days of
inoculation [Figure 1e] with an average of 14 roots while that of media
fortified with 0.5 mg/L of IBA produced roots after 1 week [Figure 1f]
with an average of five roots. The average number of roots were
high in NAA and the number showed a considerable increase when
the concentration of NAA was raised to 1 mg/L. There was no callus
formation at the base, and hence, the rhizogenesis is direct. Highest
rooting percentage was noticed in medium fortified with 1.0 mg/L
NAA with an average of 24 roots.

Figure 2: The number of shoots in different concentration of benzyl
aminopurine.
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Table 1: Effect of different concentration of auxins promoted rooting of the plant.
Hormone

Concentration

Root induction (%)

Rooting in number of days

0.5

80

7

5

1.0

80

7

10

0.5

70

5

14

1.0

80

7

24

IBA
NAA

Number of roots

IBA: Indole 3‑butyric acid, NAA: Naphthalene acetic acid.

the rich aquatic biodiversity of Kerala which include several endemic
and endangered species, many of which are reported from transient
pools developed on the laterite hills of midland region during the rainy
seasons but become dry during the summer season. N. krishnakesara
is reported from such a unique habitat which survives the summer
drought through dormant shoots and regenerates during next monsoon
with vigor. Since the plant is a dioecious one, seeds develop only when
both the male and female plant exists in the same region. This taxon
is highly endemic and reported from only one locality in the Northern
Kerala.

Figure 3: Percentage response of shoot formation in different concentration of
benzyl aminopurine.

The roots formed in NAA were soft, spongy, and numerous while the
roots formed in IBA were strong with lateral roots. Once the roots were
formed, they were transferred to medium with low concentration of
agar (4.5 g/L) for the better absorption and root development [Figure 4a
and b]. In this concentration of agar, the normal leaf with long petiole,
which helps the lamina to float on the water surface, was developed.
Among the plants developed in vitro, those developed roots in medium
containing IBA showed better establishment under field conditions.

3.3. Acclimatization of Plantlets Developed In Vitro
For the hardening process, the individual plantlets were separated from
the medium and cleaned with sterile water to get rid of the excess agar
[Figure 4d]. The plants were first transferred to sterilized tap water
and kept in culture conditions [Figure 4c]. After 2 weeks, they were
planted in cups with sterile clay with 1 cm deep water and kept in the
greenhouse [Figure 4e].
The plants developed in vitro flowered within 2 months of introduction
to the field [Figure 4f]. Of these, the plants rooted in medium with IBA
showed better development in the field conditions, and initially, these
were smaller in size than the normal ones.

3.4. Histological Studies
In histology, the root developed in NAA has more number of
aerenchyma (air spaces) in the cortical region than that of the roots
developed in the medium with IBA [Figure 4h and i]. The C.S. of
the control root also showed a lesser number of aerenchyma [Figure
4g] indicating that lesser number of aerenchyma favored better
establishment of roots in field conditions.
4. DISCUSSION
The aquatic systems in Kerala currently face a serious threat
of extinction due to rapid urbanization and industrialization.
Developmental initiatives by filling wetlands have seriously affected

Only few works were undertaken on the micropropagation of
aquatic plants. Of these, major works were on the micropropagation
of medicinal plants such as Bacopa monnieri [9,10] and Acorus
calamus [11,12]. For in vitro clonal propagation, the common
explants used are the nodal segments. In the present study also,
the explant selected was the nodal region, from where direct
organogenesis is achieved, similar result was obtained in N.
indica [5] also, while floral buds of N. cristatum produced friable
callus from which organogenesis was achieved [6,7]. In this study,
even though growth regulator-free MS medium was able to induce
bud break and shoot formation, the number of shoots formed from
single explant was found to be less in number. BAP was the single
cytokinin used for the multiple shoot formation. Several reports
point out the capacity of BAP for bud proliferation and multiple
shoot formation in many plants such as B. monnieri [12] and
Avicennia marina [13]. Averages of 80 shoots were obtained from
2-week-old cultures in medium with 1.0 mg/L BAP while 60 shoots
were obtained from per piece in 50 days of culture in Passiflora
caerulae L. [14].
Two auxins (IBA and NAA) were tried for the root induction, both
showed favorable results. It is reported earlier that the auxins at lower
concentration facilitate better root formation [15]. Even though the
time taken for rhizogenesis in MS medium with NAA was less and
produced more roots, the roots produced in IBA were strong both in
morphological and anatomical studies. Similarly, the increase in the
rooting percentage and the better rooting in the medium containing
IBA were reported in Alnus glutinosa [16]. Earlier reports indicate that
NAA also induces callus tissue; hence, establishment of plants in the
field is hindered by the interfering callus tissue [17,18].
The institute has undertaken several studies on different aspects
of the aquatic vegetation of South India with a view to develop a
comprehensive conservation protocol for aquatic and wetland plants
of the country. The study also involves micropropagation of aquatic
plants of rare, endangered, and threatened category through in
vitro cloning. The present study facilitates an easy protocol for the
production of rooted multiple shoots up to 80 from a single explant in
basal MS medium supplemented with 1.0 mg/L BAP. It is therefore
established that the most reliable way for rapid clonal propagation of
N. krishnakesara is through direct organogenesis.
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Figure 4: (a and b) Normal leaves in 4.5 mg/L agar, (c) hardening in tap water, (d) plantlet before planting, (e) plant in greenhouse for hardening, (f) flowering in
field, (g) C. S. of control root, (h) C. S. of root in Naphthalene acetic acid and (i) C. S. of root in Indole 3- butyric acid showing lesser number of air chambers.

5. CONCLUSION

7. REFERENCES

In the present situation, there is a great need for the conservation
of aquatic plants since the rapid urbanization has led to the loss
of our valuable aquatic and wetland habitats. In this context, the
present study suggesting a simple protocol for micropropagation of
rare and endemic aquatic plants owes its importance. This study is
the first attempt on the micropropagation and the successful field
establishment of the endemic plant N. krishnakesara Joseph and
Sivar.
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