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ABSTRACT

Lindernia manilaliana Sivar., a rare, endangered and threatened (RET) aquatic plant included in red list category of IUCN and facing the
threat of extinction, is reported to be endemic to Kerala. The leaf and nodal explants showed direct regeneration on MS media and
developed multiple shoots. Nodal explants from basal medium when sub-cultured onto MS medium supplemented with BAP and KN
alone or in combination with BAP, KN and NAA showed multiple shoot proliferation of 81.5+7.5 plantlets from single explants within 4
weeks. Tender leaves from in vitro-grown plants induced direct somatic embryos, which subsequently developed into normal seedlings,
similar to those derived from zygotic embryos, at a rate of 50.5 + 8.6 onto MS medium supplemented with BAP (0.5 mg/L). For rooting,
MS medium supplemented with IBA (0.5 mg/L) was found to be the most suitable. Anatomical studies revealed the differentiation of
somatic embryos from the leaf midrib and lamina, supported by well-developed vascular structures. In vitro propagation has proven to
be a potential technique for large-scale production of planting material for the conservation and reintroduction of the aquatic RET

species Lindernia manilaliana.
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INTRODUCTION

One of the 34 global biodiversity "hotspots’, the Western Ghats,
situated in the west coast of India is an evergreen tropical
evergreen forest. It is one of the best representatives of non-
equatorial tropical evergreen forests in the world. Floristically,
the Western Ghats is one of the richest areas in the country. A
total of about 4000 plant species recorded from Western Ghats
in which 27% approximately 51 genera and 1,600 species are
endemic to the region [1]. Aquatic plants are highly valued for
their nutritious and medicinal values, and are key species in the
provision of wetland ecosystem services, such as water
filtration and nutrient recycling [2]. However, there is little
published information specifically on these aquatic species.
Lindernia manilaliana Sivar., an endangered plant of the
Western Ghats, is endemic to Kerala. Conservation protocols for
this species have not been initiated to date, and it continues to
face the threat of extinction.

Lindernia manilaliana Sivar. (Family: Scrophulariaceae;
Vernacular: Manilal Pushpam) is distributed in South India,
specifically in Kozhikode, Kerala. Flowering and fruiting occur
from August to December. L. manilaliana is used as an
ornamental plant [3] and is typically found growing on moist
grounds, swampy lowlands, and occasionally in wetlands, with
an erect stem. The population of this plant is declining due to
urbanization and habitat conversion for developmental
activities, and it has been assessed as Endangered [3]. Currently,
no conservation measures have been reported for this species.
Further research is needed to confirm its distribution in
ecologically similar habitats and to enable effective monitoring
ofits habitats and subpopulations.

For the conservation of germplasm of medicinal plants
considered rare, endangered, or threatened, various strategies
have been employed. However, conservation through seeds or
cuttings is not applicable to all species. In this context, tissue
culture techniques and in vitro multiplication are gaining
significant importance for the mass production of planting
material in various plant species, including medicinal plants [4,
5]. Moreover, the in vitro multiplication of the selected plant
species hasnotbeen studied previously.

Though the micropropagation of aquatic plants are difficult due
to the infection rate, in vitro propagation protocols for some
aquatic plants, namely Aponogeton sp. [6], Cryptocoryne lucens
[7], Anubias barteri [8], Cryptocorine wendtii [9 & 10], Ludwigia
repens [11], Cryptocorine becketti, Cryptocorine lutea and Rotala
rotundifolia [12] have been reported. However, there have been
no reports on the micropropagation and shoot proliferation of
Lindernia manilaliana in the context of conservation through
micropropagation.

MATERIALS AND METHODS

Source of plant material

Lindernia manilaliana Sivar. (Scrophularaceae), an an aquatic
plant belonging to RET category (Fig. 1a) is endemic to Calicut,
Kerala, India. It is found growing on moist grounds, swampy
lowlands and occasionally in wetlands. This species is known
from two adjacent sites in Calicut and is threatened by habitat
degradation caused by urbanization, industrial development,
and tourism-related activities. The live germplasm of the
species is preserved in the Aquagene section (germplasm
collection of aquatic plants) at the KSCSTE-Malabar Botanical
Garden and Institute of Plant Sciences, Calicut, Kerala.
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Nodal explants from the field as well as nodal and tender leaves
from in vitro grown plants were selected as explants for culture
initiation, multiple shoot proliferation and somatic
embryogenesis, respectively. Basal MS medium with different
hormone combinations were prepared and pH was adjusted to
5.8. The boiled media after adding 0.7% agar were decanted to
25 ml culture tubes/bottles or flasks as the case may be, plugged
and sterilized at 121°C for 20 minutes at 15 psi pressure was
used for the whole study.

Explants selection and sterilization

The disease disease-free, young and healthy nodal explants
were selected. They were then washed under running tap water
for 30 minutes in order to wash off the sticking external
contaminants. Then the explants were soaked in an aqueous
solution containing 2 or 3 drops of detergent Tween 20 and
washed thoroughly for 20 minutes. This was followed by gentle
wash in sterile double distilled water for 5 minutes for two
cycles. Later the explants were sterilized with aqueous solution
of 0.01% Mercuric chloride (Ranbaxy) for 5 minutes in a pre-
sterilized culture bottle followed by three rinses with sterile
double double-distilled water.

Establishmentofin vitro culture

After sterilization the explants were inoculated onto the MS
basal medium under a laminar airflow clean bench and
incubated in the temperature (25 2°C) and 16/18 hrs of
day/night-controlled culture room. After bud proliferation the
cultures were transferred fresh medium for further
proliferation.

Multiplication

Nodal explants from plants proliferated on MS basal medium
were sub-cultured onto MS medium supplemented with varying
concentrations of BAP (0.1, 0.2, 0.5, and 1.0 mg/L), Kinetin (0.1,
0.2, 0.5, and 1.0 mg/L), either alone or in combination (BAP +
Kinetin, BAP + NAA, or Kinetin + NAA), for multiple shoots
induction.

Directshootregeneration from leaf
Leaves from in vitro grown plants were inoculated onto MS
basal as well as MS with BAP (0.5 and 1.0 mg1) for direct shoot

initiation. In this case both direct as well as indirect
organogenesis was developed in cultures. The initiated shoot
cultures were multiplied through subculture and the plantlets
developed were subsequently transferred to rooting media
contain IBA.

Rooting

Although root formation occurred spontaneously in both the
shoot initiation and multiplication media, the roots were
slender and thin. Therefore, the plantlets were transferred to MS
medium supplemented with different concentrations of IBA.

Hardening and acclimatization of plantlets

The rooted plantlets were removed from the culture bottles
with the help of forceps and washed thoroughly with water to
remove any sticking medium. They were then washed with
Bavistin (0.1%) in order to protect them from fungal attack in
the near future and successfully transferred to hardening pots.
Sterile coir pith was used for hardening. The rooted plantlets
were transplanted to hardening pots and incubated under a
shade net. After hardening and establishment, the plants were
carefully transferred in concrete pots with clayish soil. They
were thenreintroduced in their native habitat after 25-30 days.

RESULTS

Directregeneration from nodes

Nodes of Lindernia manilaliana were inoculated onto basal MS
media (pH-5.8) (Fig. 1b). Bud proliferation was noticed from
nodal explants on 4" day after inoculation on basal media (Fig. 1
c) and leaf induction was noticed on 6" day of inoculation (Fig.
1d). Second leaf initiation was noticed on 8" day of inoculation
and stem elongation was noticed on 10" day (Fig. 1e). Within
one month after inoculation the plant became healthy with four
branched multiple shoots and roots (Fig.1f) and roots were
minute, thin and nothealthy (Table 1).

Table 1: Initiation of shoot buds in Basal MS Media

Sl. No. Time period (inoculation) No. of shoot initiated No. of leaves No. of nodes
1 1 Week 2.4+0.6 1.1+£08 1
2 2 Week 3.5+1.5 25+05 2
3 3 Week 4.8+1.2 3.5%15 2
4 4 Week 4.6+1.0 4.0+1.2 4
5 5 weeks 4.4+0.6 4.0+ 15 4

Table 2: Table showing the development of multiple shoots from nodal buds cultured on MS basal medium, and the number of shoots
produced upon subculturing onto MS medium supplemented with different concentrations of BAP, Kn and NAA after 4 weeks

Number of multiple shoots produced

SI. No. BAP mgl Kinetin mg11 NAA mg1l Meantsd Average shoot length cm Meansd Remarks
1 0 0 4.5+1.6f 3.6+1.2bc Slender
2 0.1 0 15.3+3.5de 3.5+1.3bc Normal
3 0.2 0 50.6+4.4b 5.6x1.0b Normal
4 0.5 0 81.5+7.5a 7.70+£1.72 Normal
5 1.0 0 71.5+7.5ab 7.42+1.5a Stunted
6 0 0.1 5.26+0.7f 2.9+0.8¢ Normal
7 0 0.2 8.45+1.2f 3.9+0.9b Normal
8 0 0.5 10.35+1.5f 3.7+1.0bc Normal
9 0 1.0 15.39+4.4de 2.9+0.5¢d Thick
10 0.5 0.5 18.47+3.0d 1.6+0.34 Stunted
11 1.0 1.0 20.45+2.9d 1.3£0.2de Stunted
12 0.5 0.1 28.90+3.8¢c 1.0£0.44de Base Callus
13 1.0 0.2 31.50+4.5¢ 2.7+0.4¢d Base Callus
14 0.5 0.1 13.56+2.4e 2.4%0.34 Base Callus
15 1.0 0.2 15.50+1.4de 1.5+0.2de Base Callus

The data were analysed statically by ANOVA followed by Duncan's multiple range test at 0.5% level. The average followed by different letters are significantly different at 0.5%p level.
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Effect of BAP on nodal explant

The nodal explants developed into seedlings on the basal
medium (Fig. 1f), and when sub cultured onto MS medium
supplemented with BAP and KN, either individually or in
combination with BAP, KN and NAA exhibited multiple shoot
proliferation (Table 2). BAP at different concentrations (0.1, 0.2,
0.5,and 1.0 mg 1"") induced an average of 15.3 + 3.5,50.6 + 4.4,
81.5 + 7.5, and 71.5 + 7.5 shoots per node, respectively, by the
fourth week after inoculation. Although KN also induced
multiple shoots, its effect was less pronounced compared to
BAP, with shoot proliferation averaging 5.26 + 0.7, 8.45 + 1.2,
10.35 £ 1.5,and 15.39 * 4.4 shoots per bud after 4 weeks (Table
2). While the combination of BAP and KN at both 0.5 and 1.0
mg 17! induced multiple shoots, the shoots were stunted and
abnormal. Similarly, the combination of BAP and KN with NAA
led to callus formation at the base of the nodes, and the resulting
shoots were also stunted. The optimum and maximum number
of shoots was observed with BAP at 0.5 mg 1™%, producing
81.5 * 7.5 shoots per node, followed by BAP at 1.0 mg 17%, which
produced 71.5 # 7.5 shoots per node (Table 2 & Fig. 1).
Rhizogenesis was observed three weeks after inoculation;
however, the developed roots were very thin, unbranched, and
unhealthy. Therefore, the in vitro plants were transferred to MS
medium supplemented with IBA (0.5 mg/l) to promote the
developmentofhealthy roots.

Regeneration from leaf explants
Leaf segments from in vitro-grown plants were inoculated onto
MS basal medium as well as onto MS basal medium

Table 3: Table showing number of shoots on Basal MS and MS+BAP from leaf explant

SI. No. BAP mg-11 NAA mg-11
1 0 0
2 0.1 0
3 0.2 0
4 0.5 0
5 1.0 0
6 0.2 0.1
7 0.5 0.2
8 1.0 0.5
9 1.0 1.0

To confirm indirect organogenesis, leaf explants were subjected
to microscopic observation at various stages of culture. White
globular structures developed on the margins and sub-marginal
regions of the upper surface of the leaves, from which multiple
shoots emerged (Fig. 3A-D). Microscopic examination of the leaf
tissue containing these globules revealed that they consisted of
homogeneous cells, likely representing friable callus-like
structures, from which shoots developed through globular
somatic embryos (Fig. 3).

The presence of vascular tissues within the developing
structures confirmed their identity as somatic embryos, a key
characteristic of true somatic embryogenesis (Fig. 3E-H).
Initially, a single shoot emerged from each somatic embryo (Fig.
3E), which subsequently elongated (Fig. 3F) and developed into
aleafy shoot with roots. In a similar mannerSimilarly, numerous
somatic embryos formed and further developed into seedlings
directly from the leaflamina explant (Fig. 3).

Rooting

For rooting, healthy seedlings extracted from the cultures were
transferred to MS medium supplemented with IBA (0.5 mg/1).
Root induction was observed within one week of inoculation.
The number of roots increased progressively over time (Fig. 8C),

Number of multiple shoots after 4 weeks

supplemented with 0.5 mg/l BAP. Leaf explants (Fig. 2a)
cultured onto MS basal medium developed roots from the
midrib region by the fourth day of inoculation (Fig. 2B). The first
leaf and shoot induction was observed on the 12th day of
inoculation (Fig. 2C), followed by the second shoot on the 14th
day (Fig. 2D & E), and the third shoot on the 18th day (Fig. 2F).
The colour of the explant changed from green to white after
three weeks of inoculation (Fig. 2G). On the 22nd day, the fourth
shoot was induced, and the explant turned black in colour (Fig.
2H).

Multiple shootinduction through Callogenesis

In vitro-developed leaves inoculated onto MS medium
supplemented with BAP alone, as well as with a combination of
BAP and NAA, showed the initiation of multiple shoots through
indirect organogenesis via callogenesis (Fig. 3A). Initially,
embryoid-like globular structures appeared at the cut ends,
margins, and sub-marginal regions on the upper surface of the
leaves. These structures gradually increased in number and
later developed into seedlings (Fig. 3B-D). Rapid shoot
proliferation was observed, with an average of 50.5 * 8.6 shoots
per explant after three weeks of inoculation (Fig. 3E-H).
Although the combination of BAP and NAA also induced callus-
like and globular structures, as well as plantlets, the number of
shoots produced was less, and the developed plants were
stunted. Additionally, the Calli formed in the BAP + NAA
treatment were thicker compared to those induced by BAP
alone. The responses of leaf explants on MS basal medium and
MS supplemented with BAP are summarized in Table 3.

Remarks

4.5£1.5 Globules/Shoot slender
14.8+6.2 Globules and organogenesis
35.6%5.3 Globules with organogenesis
50.5+8.6 Globules, good shoots
40.2+5.9 Globules with Thick shoots
12.9+2.7 Thick Calli and shoots stunted
10.5+3.9 Thick Calli and shoots stunted
13.7+2.9 Thick Calli and shoots stunted
8.35+2.0 Thick Calli and shoots stunted

and the initially formed roots became thicker and healthier (Fig.
8D). The number of roots formed in the IBA-supplemented
medium was significantly higher compared to those in the basal
MS medium (Fig. 8E).

Hardening and acclimatization

In vitro-developed rooted plantlets, measuring 3-4 cm in height
with 12-15 fully expanded leaves and well-developed roots,
were successfully transferred to glass cups filled with sterile
coir pith for hardening (Fig. 9A & B). Normal growth of the
plantlets was observed within two weeks of transfer. The
healthy plants were then transplanted into larger pots
containing clay-rich soil and relocated to the Aquagene section
(aquatic plants conservatory) of the KSCSTE-Malabar Botanical
Garden and Institute of Plant Sciences, which is recognized as a
Lead Garden in aquatic biodiversity by Botanic Gardens
Conservation International (BGCI).

DISCUSSION
Aquatic ecosystems around the world are under serious threat,
highlighting the urgent need for effective strategies to conserve
and protect rare, endangered, and threatened (RET) aquatic
plantspecies.
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One of the most promising biotechnological approaches for
their conservation is tissue culture, which enables the rapid
propagation and preservation of these valuable plant resources
[13]. In vitro techniques offer a promising approach to
overcoming the significant challenges associated with
biodiversity conservation [14]. One of the major issues in the
tissue culture of aquatic plants is the high rate of culture
contamination. However, the present study demonstrates that
contamination can be effectively managed by standardizing
protocols. Furthermore, explants derived from in vitro-grown
plants can subsequently be used for the in vitro conservation of
aquatic species. Hygienic conditions and proper care can reduce
thelevel of contamination to a minimum extent.

Leaf and nodal explants were collected from field-established
plants of Lindernia manilaliana (Fig. 1A). Aquatic plants, being
mostly herbaceous and in constant contact with soil and water,
are more prone to contamination due to the close association of
microbes with their tissues. These microbes can easily enter the
culture medium through the explants. However, in this study, the
rate of contamination was found to be low. Tween 20 and 0.01%
HgCl, were found to be the most effective surface sterilant used
throughout the study. The sterilization procedure involved
washing the explants in Tween 20 for 20 minutes and later
rinsing with distilled water. This was then followed by
treatment with a 0.01% aqueous solution of mercuric chloride,
including an intermediate step of washing with sterile water. A
sterilization protocol was reported on Bacopa, a herbaceous
aquatic plant, which involved treatment with 0.1% mercuric
chloride (w/v) for 2 minutes, followed by thorough rinsing with
sterile distilled water [15]. For shoot proliferation, growth
regulators-, particularly cytokinins - are among the most
important factors influencing the response [16,17,18 19]. A
range of cytokinins - including Kinetin, BAP, 2-iP, and Zeatin-has
been used in micropropagation studies [20]. The present study
demonstrated that BAP is the most reliable and effective
hormone for shoot proliferation. The results clearly showed that
a significant number of plants were successfully multiplied on
media containing BAP.

Athigher concentrations, cytokinins tend to induce adventitious
bud formation [20 & 22]. In our study as well, shoot proliferation
occurred only in the presence of cytokinin (Fig. 4,5 & 7). Somatic
embryos were formed on MS medium supplemented with BAP
(Fig. 6). These results are supported by some other works [23],
who reported the development of somatic embryos in
Pimpinella tirapataensis using MS medium supplemented with
TDS."

Micropropagation studies in Lindernia species are very limited,
and no reports exist for Lindernia manilaliana. The present
study revealed that MS medium with BAP is highly effective for
inducing multiple shoots through the formation of somatic
embryos (Table 3 & 4; Fig. 6). Somatic embryogenesis and
encapsulation of somatic embryos from internode and leaf
explants of Rotula aquatica is also reported [24]. Their study
showed that half-strength MS medium with 2,4-D was more
effective for embryogenic callus formation. In contrast, the
present study demonstrated that embryogenic callus was
formed on MS medium supplemented with BAP (Fig. 6) and with
BAP and NAA but the former induced maximum embryos. These
somatic embryos developed into multiple shoots within 2-3
days (Fig. 6). In the present study, embryogenesis was
confirmed through anatomical evaluation, which revealed the
vascular nature of the somatic embryos.

The results discussed above clearly indicate that vegetatively
propagating aquatic plants can be efficiently propagated in vitro
and successfully acclimatized under natural climatic conditions
using nodal and leaf explants, with an appropriate medium that
supports both callogenesis and direct regeneration (Fig. 9). MS
medium with BAP was found to be the most suitable for multiple
shoot induction in Lindernia manilaliana through embryogenic
callus formation (Fig. 6).

Based on the above-mentioned results, it is evident that tissue
culture plays a significant pivotal role in biodiversity
conservation, enabling the rapid propagation and in vitro
conservation of aquatic plants within a short period of time.
Modern biotechnological approaches thus offer valuable tools
for both the conservation and sustainable utilization of
biodiversity. These techniques are particularly effective in
conserving a wide range of plant species, especially aquatic
plants categorized as endangered or threatened on the Red List.
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