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Abstract 

Aquatic plants are grown in aquaria for their beauty and to maintain the quality of water. The explants 

of Lobelia cardinalis L. were obtained from the Aquatic Plant Center Co., Ltd., Thailand. In vitro clonal 

propagation offers alternative strategy for its rapid clonal multiplication. In this study, multiple and rapid 

propagations of Lobelia cardinalis L. with tissue culture techniques were aimed. Highly efficient and 

repeatable in vitro regeneration protocol was established from nodal segments of Lobelia cardinalis L. 

Various concentrations and combinations of various plant growth regulators (PGRs) were employed to 

induce multiple shoots, shoot elongation, number of leaves and rooting of shoots to obtain complete 

plantlets of Lobelia cardinalis L. Among 2 PGRs such as 6-benzylaminopurine (BAP) and α-Naphthalene 

acetic acid (NAA) tested for multiple shoot induction. Regenerated shoots had a higher number of shoots 

on MS medium contained cytokinins with auxins. The maximum shoot proliferation (100 %), number of 

shoots per explant (6.20 ± 0.51 shoots), shoot length (11.67 ± 0.69 mm) and number of leaves per explant 

(58.10 ± 0.38 leaves per explant) were observed in MS medium supplemented with 1.0 mg/L BAP and 2.0 

mg/L NAA. Rooting was achieved within 3 to 4 weeks on all the rooting media, but MS medium augmented 

with 1.0 mg/L indole-3-butyric acid (IBA) produced the maximum number of strong and healthy roots 

(11.70 ± 0.27 roots). The regenerated complete plantlets with healthy roots and shoot system were 

transferred to 3.5 cm diameter black net plastic pots containing rockwool medium and successfully 

acclimatized with a survival rate of 100 % in the greenhouse and no phenotypic variations were observed 

among regenerated plants. The success of this protocol offers highly efficient method of the plant 

multiplication, which would be beneficial for plant tissue culturist, and nursery people where regular supply 

of plants is a large number required. This protocol can be utilized for commercial scale propagation. 

Keywords: Aquatic plant, Micropropagation, Nodal explant, Regeneration  

 

Introduction 

Plant tissue culture is defined as the growth of plant parts isolated from the mother plant in an artificial 

nutrient environment under aseptic circumstances. The tissue culture medium should contain all the 

nutrients needed to grow a normal plant. The growth culture contains macro-nutritions, micro-nutritions, 

vitamins, different organic ingredients, plant growth regulators, carbon source and certain solidification 

agents. Murashige and Skoog (MS) nutrients [1] are the most used nutrient medium for in vitro production 

of many plant species [2]. In addition, plant growth regulators and nitrogen sources in the nutrient medium 

are crucial for shoot regeneration [3-5]. The main advantage of tissue culture technology is that high quality 

plants or herbal products can be obtained, which can be reproduced year-round under sterile conditions, 

regardless of season and external conditions [6]. Recently, many plant species such as Allium sativum L. 

[7], Bacopa monnieri (L.) Wettst [8], Hemerocallis sp. L. [9], Nyctanthes arbor-tristis L. [10], Rubus idaeus 

[11], Scoparia dulcis L. [12], Vaccinium vitis-idaea ssp. minus [13], Cryptocoryne wendtii [14], 

Dendrobium crumenatum Sw. [15], Anubias Heterophylla [16], Staurogyne repen [17], Oxalis triangularis 
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A.st.-Hil [18], Anubias barteri var. nana. [19], Myrmecodia tuberosa Jack. [20] and Anthurium 

andraeanum ‘HC 028’ [21] were propagated quickly and multiple using tissue culture. 
Lobelia cardinalis L. grows wild in Northern America. In the nursery this plant is cultivated in marshy 

conditions, forming dark-green leaves which are purple underneath. In aquariums the leaves turn a beautiful 

shade of light-green, with stems 10 - 30 cm tall and 5 - 10 cm wide. Widely used in Dutch aquariums in so-

called “plant streets”. In open aquariums it grows above the water surface, where it forms very beautiful 

scarlet flowers and the leaves regain their colour. Can be used in garden ponds [22]. Lobelia cardinalis L.  

is a very versatile North American plant that can be grown submerged or emersed in aquariums, 

palludariums, and terrariums. Lobelia cardinalis L. is a very unusual foreground and middle ground plant 

for the planted freshwater aquarium. It can also be excellent in the background if grown tall enough. Its 

submerged form is bright green, sometimes with red-purple on the undersides of the leaves, although this 

red-purple coloration is more typical in its emersed form. This plant is perhaps best known for the bright 

red flower that grows from its emersed form (Figure 1). Lobelia cardinalis L. requires moderate to high 

lighting. Its tops can be trimmed and replanted to increase the size of the mat. It produces side shoot leaves 

that will be lusher with optimal care. It will grow much more quickly in nutrient-rich substrate and will also 

benefit from CO2 supplementation, but this is not absolutely required. Fertilizers will often be helpful in 

assuring that this plant maintains its best coloration and form. This listing is for a single rhizome with 

multiple stems or a small bunch of 2 - 3 rhizomes with a few less stems of this lovely plant. It is sure to be 

a standout species in any planted aquarium. It is not too demanding in care, so it is a great option for all 

aquarists [23].  

In vitro propagation is the best technology for mass production to make the industry sustainable. The 

present study was aimed to develop shoot organogenesis system and in vitro plantlet regeneration in Lobelia 

cardinalis L.  

 

Materials and methods 

Plant materials, explant preparation and sterilization 
Young plantlets of Lobelia cardinalis L. were obtained from the Aquatic Plant Center Co., Ltd., 

Thailand. Shoots were cut into pieces of 4 - 5 cm long and washed in running tap water to remove impurities. 

The shoots were surface sterilized using 4 % Clorox® (5.25 % sodium hypochlorite, NaOCl) containing 2 

drops of Tween-20 emulsifier per 100 mL solution for 10 min followed by rinsing 3 times with sterile 

distilled water. They were again surface sterilized for another 2 % Clorox® and 2 - 3 drops of Tween-20 

per 100 mL solution for 5 min. The treated plantlets were washed 3 times with sterile distilled water to 

remove traces of disinfectant. The surface sterilized explants of 1.0 cm in length were excised aseptically 

and inoculated into bottles containing Murashige and Skoog (MS) medium [1] without plant growth 

regulators for 7 days. The culture bottles were sealed with Parafilm and incubated under a 16 h photoperiod 

with light supplied by cool-white fluorescent lamps at an intensity of 10 µmol m–2 s–1 photosynthetic photon 

flux density (PPFD). 

 

Culture media and conditions  

Murashige and Skoog (MS) medium [1] supplemented with 3.0 % (w/v) sucrose as a carbon source 

and gelled with 0.76 % (w/v) agar (commercial grade) were used as basal media throughout the experiment. 

Various concentrations and combinations of plant growth regulators (PGRs) (BAP; 0.0, 1.0 and 2.0 mg/L, 

NAA; 0.0, 1.0, 2.0 and 3.0 mg/L) were added to different cultures. The pH of the media was adjusted to 

5.7 with 1 N KOH or 1 N HCl prior to autoclaving for 15 min at 121 °C. All cultures were aseptically 

maintained at 25 ± 2 °C air temperatures under a 16 h photoperiod with light supplied by cool-white 

fluorescent lamps at an intensity of 10 µmol m–2 s–1 photosynthetic photon flux density (PPFD). Plant 

materials were stored in culture bottles each containing 25 mL of medium. Cultures on MS medium devoid 

of growth regulators were treated as control.  

 

Effects of 6-benzylaminopurine (BAP) and α-Naphthalene acetic acid (NAA) on shoots 

multiplication of Lobelia cardinalis L. after 45 days of culture 

The aseptic nodal segments (1.0 cm long) of 7 days old in vitro were placed on MS medium 

supplemented with 6-benzylaminopurine (BAP) at different concentrations (0.0, 1.0 and 2.0 mg/L) either 

singly or in combination with α-Naphthalene acetic acid (NAA; 0.0, 1.0, 2.0 and 3.0 mg/L). The maximum 

percentage of shoot proliferation, number of shoots per explant, shoot length (mm), and number of leaves 

per explant were recorded and compared statistically after 45 days of culture (starting from the initial day 

of inoculation). A set of cultures without plant growth regulators (PGRs) served as the control. 
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Effects of α-Naphthalene acetic acid (NAA) and indole-3-butyric acid (IBA) on root induction 

of Lobelia cardinalis L. after 45 days of culture 

The shoots produced in vitro were excised and subcultured as separate shoots on MS medium 

containing various concentrations of α-Naphthalene acetic acid (NAA; 1.0, 2.0 and 3.0 mg/L) or indole-3-

butyric acid (IBA; 1.0, 2.0 and 3.0 mg/L) to induce in vitro rooting. The medium without any plant growth 

regulators (PGRs) was used as a control. After 45 days of culture, the maximum percentage of root 

formation, number of roots per shoot, and root length (mm) were recorded and compared statistically after 

45 days of culture (starting from the initial day of inoculation).  

 

Hardening and establishment of tissue culture plantlets 

Plantlets of Lobelia cardinalis L. with well-developed shoots and roots (3 - 5 cm in height) were 

removed from the culture medium, washed gently with a soft brush in tap water to remove the adhering 

agar-agar with plant tissue. The plantlets were then transplanted into plastic pots containing tap water under 

greenhouse conditions. The plantlets were grown in the greenhouse with 80 - 90 % relative humidity and 

about 12 h photoperiod, 300 - 400 µmol m–2 s–1 photosynthetic photon flux density (PPFD) (shaded 

sunlight) and 28 ± 2 to 24 ± 2 °C day/night temperature. After 30 days in the greenhouse, the survival rate 

of acclimatized plantlets was recorded. 

 

Experimental design and statistical analysis 

The data were collected after 45 days from a shoot and root development. All the experiments were 

conducted in a completely randomized design (CRD) with 5 replicates per treatment and the experiments 

were repeated 3 times. The results are expressed as mean ± SE of 1 experiment. The data were analyzed by 

ANOVA using SPSS version 24 and the mean values were separated using Duncan’s multiple range test 

(DMRT) at a 5 % probability level. 

 

Results and discussion 

Effects of 6-benzylaminopurine (BAP) and α-Naphthalene acetic acid (NAA) on shoots 

multiplication of Lobelia cardinalis L. after 45 days of culture 

The aseptic nodal segments (1.0 cm long) of 7 days old in vitro were transferred to MS medium to 

assess the effect of 6-benzylaminopurine (BAP; 0.0, 1.0 and 2.0 mg/L) and α-Naphthalene acetic acid 

(NAA; 0.0, 1.0, 2.0 and 3.0 mg/L). The results were summarized in Table 1. Various combinations and 

concentrations of BAP and NAA were tried for the induction of shoots from single nodal segments of 

Lobelia cardinalis L. The results showed that there was a significant difference in the effect of type and 

concentration of PGRs on vegetative traits of Lobelia cardinalis L. in the proliferation stage (p ≤ 0.05). 

When single nodal segments were cultured on MS medium supplemented with different concentrations of 

NAA, they induced adventitious roots from the cut ends of explants after 4 weeks of culture (data not 

shown).  

Addition of BAP with various concentrations of NAA induced adventitious shoots at the cut ends of 

explants. A significant difference in the number of shoots, shoot length, and number of leaves was detected 

among the treatments containing BAP and NAA. The lowest shoot proliferation percentage (50.00 ± 0.16) 

and the average number of shoots multiplied per single nodal segments (2.50 ± 0.85 shoots) developed in 

the absence of plant growth regulators (Table 1 and Figures 2(A) and 2(B)). In the case of BAP alone, the 

highest number of shoots per explant (5.10 ± 0.83 shoots), shoot length (9.40 ± 0.46 mm), and number of 

leaves (65.80 ± 0.87 leaves) was achieved from aseptic nodal segments on MS medium supplemented with 

2.0 mg/L BAP (Table 1). The number of shoots was significantly better on medium containing 1.0 mg/L 

BAP and 2.0 mg/L NAA (6.20 ± 0.51) (Table 1 and Figures 2(C) and 2(D) than in the presence of BAP 

or NAA alone (Table 1). Regenerated shoots had a higher number of shoots on MS medium contained 

cytokinins with auxins. The maximum shoot proliferation (100 %), number of shoots per explant (6.20 ± 

0.51 shoots), shoot length (11.67 ± 0.69 mm) and number of leaves per explant (58.10 ± 0.38 leaves per 

explant) were observed in MS medium supplemented with 1.0 mg/L BAP and 2.0 mg/L NAA (Table 1 and 

Figures 2(C) and 2(D). The leaves of the regenerated shoots were healthy with dark green color and did 

not show any sign of vitrification. 
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Figure 1 Lobelia cardinalis L. is a very foreground and middle ground plant for the planted freshwater 

aquarium [24]. 

 

Table 1 Effects of BAP and NAA on shoots multiplication of Lobelia cardinalis L. after 45 days of culture.  

Growth regulators 

(mg/L) 

Shoot proliferation 

(%) 

Number of shoots 

per explant 

Shoot length 

(mm) 

Number of leaves 

per explant 

BAP NAA (mean ± SE)a (mean ± SE)a (mean ± SE)a (mean ± SE)a 

0.0 0.0 50 ± 0.16b 2.50 ± 0.85f 10.36 ± 0.97bcde 22.90 ± 0.52d 

0.0 1.0 100 ± 0.00a 3.90 ± 0.48cdef 13.92 ± 0.13a 30.80 ± 0.39cd 

0.0 2.0 100 ± 0.00a 3.60 ± 0.49def 7.41 ± 0.62fg 24.80 ± 0.38d 

0.0 3.0 90 ± 0.10a 2.90 ± 0.72ef 5.96 ± 0.74g 17.40 ± 0.29d 

1.0 0.0 100 ± 0.00a 4.00 ± 0.25cdef 9.22 ± 0.67def 44.10 ± 0.45bc 

1.0 1.0 100 ± 0.00a 5.80 ± 0.74ab 10.21 ± 0.62bcde 54.10 ± 0.55ab 

1.0 2.0 100 ± 0.00a 6.20 ± 0.51a 11.67 ± 0.69bc 58.10 ± 0.38ab 

1.0 3.0 100 ± 0.00a 5.50 ± 0.60abc 9.69 ± 0.52cde 53.50 ± 0.56ab 

2.0 0.0 90 ± 0.10a 5.10 ± 0.83abcd 9.40 ± 0.46cdef 65.80 ± 0.87a 

2.0 1.0 100 ± 0.00a 4.90 ± 0.50abcd 9.86 ± 0.65cde 53.40 ± 0.96ab 

2.0 2.0 100 ± 0.00a 4.40 ± 0.37bcde 12.36 ± 0.72ab 47.40 ± 0.54bc 

2.0 3.0 100 ± 0.00a 3.90 ± 0.34cdef 11.46 ± 0.64bcd 43.50 ± 0.43bc 

Similar letters within the same columns mean no significant difference at p ≤ 0.05 by DMRT.                              
aValues represent means ± standard error. 

 

The present investigation was carried out to establish plant regeneration protocol through multiple 

shoot induction from nodal segments of Lobelia cardinalis L. In the present study, nodal segments were 

assessed for multiple shoot production in Lobelia cardinalis L. using different combinations and 

concentrations of PGRs. For the successful establishment plant regeneration in different genotypes, various 

combination and concentration of PGRs and explants play a vital role in ornamental aquatic plant [25-27]. 
The exogenous addition of PGRs changes the growth of axillary meristems and promotes the meristematic 

cell proliferation in the axillary buds by mounting the number of shoot bud primordial that originate from 

the pre-existing axillary meristems [28]. Hence, the present study was conducted to optimize plant 

regeneration procedure with suitable combinations and concentrations of PGRs in Lobelia cardinalis L. 
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Figure 2 In vitro micropropagation of Lobelia cardinalis L. after 45 days of culture. (A) - (B) Control and 

(C) - (D) multiple shoot production from nodal segments cultured on agar-gelled MS medium supplemented 

with 1.0 mg/L BAP + 2.0 mg/L NAA (Scale bar = 1 cm). 

 

Nodal segments of Lobelia cardinalis L. were evaluated for multiple shoot induction and regeneration 

on twelve combinations and concentrations of BAP (0.0, 1.0 and 2.0 mg/L) and NAA (0.0, 1.0, 2.0, and 3.0 

mg/L). Among diverse combinations and concentrations of BAP and NAA tested, BAP (1.0 mg/L) and 

NAA (2.0 mg/L) combination were found to be the best combination concerning the percentage of response 

(100 %), number of shoots per explant (6.20 ± 0.51 shoots), shoot length (11.67 ± 0.69 mm) and number 

of leaves per explant (58.10 F 0.38 leaves per explant) (Table 1 and Figures 2(C) and 2(D)). 

In the present investigation, the exogenous application of BAP in combination with auxin (NAA) in 

Lobelia cardinalis L. resulted in the maximum shoot induction frequency in nodal segments. Auxins are 

known to promote multiple shoot induction in various plants [28]. NAA (2.0 mg/L) in combination with 

BAP (1.0 mg/L) enhanced the elongation of healthy shoots with a higher percentage of response when 

compared to individual treatment of either BAP or NAA. The maximum percentage of response was 100 

on medium fortified with NAA (2.0 mg/L) and BAP (1.0 mg/L), with an average shoot length of 11.67 ± 

0.69 mm. Rittirat et al. [16] observed efficient shoot elongation on medium fortified with BAP (1.0 mg/L) 

and NAA (1.0 mg/L) in Anubias heterophylla. These results suggest that the maximum level of shoot 

elongation for Lobelia cardinalis L. can be achieved from multiple shoots induced in nodal segments on 

medium containing BAP and NAA. Plant tissues are known to contain different levels of endogenous 

growth hormones. As a result, they may respond differently to culture medium [29]. Cytokinins were 

reported to regulate various physiological and development processes lead to shoots proliferation [30]. 

Similar attempts have also been made to multiply the cultures of Scadoxus puniceus [30], Rhodophiala 

pratensis [31] etc. Kanchanapoom et al. [27] has reported culture initiation and shoot multiplication from 

the lateral shoot tip explants of A. barteri var. Nana on MS medium containing 3.0 mg/L BAP. But in the 

present study, in Lobelia cardinalis L., a combination of BAP and NAA was found to be suitable for plant 

regeneration. The present finding further indicated that the inclusion of an auxin (IAA or NAA) along with 

the optimal cytokinin (BAP) concentration improved the multiplication rate. Other research groups also 

found that the combination of BAP and NAA proved best for the micropropagation of some other 

ornamental aquatic plants, such as Anubias Heterophylla [16], Aponogeton ulvaceus Baker [32], 

Echinodorus ‘Indian Red’ [33], and Lindernia antipoda (L.) Alston [34], as well as for the medicinal herb 

A B 

C D 
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Artemisia abrotanum L. [35]. However, these findings disagree with those of Sheeja et al. [36], who 

reported that BAP alone proved better than the combination of BAP and NAA for the micropropagation of 

an ornamental aquatic plant Anubias barteri Var. Nana petite (Engl.) Crusio. The beneficial effect of BAP 

on shoot regeneration and proliferation and induction of multiple shoots was reported in other species [37-

39]. Some species may require a low concentration of auxins in combination with high levels of cytokinins 

to increase shoot proliferation [40]. The augmentation of additives in the medium were reported to enhance 

the rate of shoot proliferation and hinder shoot tip necrosis in vitro [41]. A study by Abadi and Kaviani [42] 

on micropropagation of Aloe vera L. using BA, NAA and IBA showed that the best proliferation of shoot 

per explants was shown on medium supplemented with 0.5 mg/L BA containing 0.5 mg/L NAA. The 

frequency and response of in vitro shoot regeneration are affected by the type of explants and the 

concentration of PGRs [43-45]. The promoting effect of cytokinin and auxin combinations on organogenic 

has been well documented [46,47]. In vitro shoot multiplication relies largely on medium formulations 

containing BAP as the major PGRs in combination with a low concentration of NAA [48]. 

 
Effects of α-Naphthalene acetic acid (NAA) and indole-3-butyric acid (IBA) on root induction 

of Lobelia cardinalis L. after 45 days of culture 

Rooting of in vitro regenerated Lobelia cardinalis L. shoots is regarded as one of the most crucial 

bottlenecks for successful plant regeneration. In the present investigation, 2 auxins (NAA and IBA) were 

used with 3 concentrations (1.0, 2.0 and 3.0 mg/L) to optimize the rooting efficiency of the Lobelia 

cardinalis L. The rooting frequency was significantly different in various treatments of auxins. More shoots 

formed roots on MS medium containing NAA or IBA and the plantlets showed more roots per shoot (up to 

11.70 ± 0.27 roots) than those rooted in auxin-free MS medium (7.40 ± 0.13 roots/shoot) but the roots were 

shorter (4.05 - 12.79 vs. 28.47 mm; Table 2). Among diverse concentrations of 2 auxins tested, medium 

containing 1.0 mg/L IBA was found to best followed by 2.0 mg/L NAA for root induction frequency in 

Lobelia cardinalis L. The percentage response of root formation was also consistently higher in the medium 
supplemented with IBA at 1.0 mg/L. The average number of roots per shoot was 11.70 ± 0.27 roots and an 

average length was 12.79 ± 0.72 mm on medium fortified with IBA at 1.0 mg/L (Table 2 and Figures 3(C) 

and 3(D)). An increase in concentration of IBA from 1.0 to 3.0 mg/L decreased the rooting percentage to 

90 %.  

 

Table 2 Effects of α-Naphthalene acetic acid (NAA) and indole-3-butyric acid (IBA) on root induction of 

Lobelia cardinalis L. after 45 days of culture. 

Growth regulators 

(mg/L) 

Root Formation 

(%) 

Number of roots 

per explant 

Root length 

(mm) 

NAA IBA (mean ± SE)a (mean ± SE)a (mean ± SE)a 

0.0 0.0 100 ± 0.00a 7.40 ± 0.13a 28.47 ± 0.24a 

0.0 1.0 100 ± 0.00a 11.70 ± 0.27a 12.79 ± 0.72b 

0.0 2.0 100 ± 0.00a 8.70 ± 0.12a 9.04 ± 0.56c 

0.0 3.0 90 ± 0.10a 8.60 ± 0.14a 6.60 ± 0.44cd 

1.0 0.0 100 ± 0.00a 10.50 ± 0.12a 5.32 ± 0.37d 

2.0 0.0 100 ± 0.00a 11.50 ± 0.16a 5.79 ± 0.39d 

3.0 0.0 90 ± 0.00a 9.60 ± 0.58a 4.05 ± 0.23d 

Similar letters within the same columns mean no significant difference at p ≤ 0.05 by DMRT. 
aValues represent means ± standard error. 

 

Among the 2 auxins tested, IBA was excellent in inducing rooting percentage, number of roots per 

shoot, and root length followed by NAA. IBA has been commonly used for in vitro rooting of chickpea 

[49]. In the present investigation, the response, as well as the nature of roots induced from shoots, different 

from concentrations of IBA and NAA used. Similar observations were also made in earlier reports on the 

rooting efficiency of IBA followed by NAA in chickpea [28]. The positive effect of IBA on root induction 

has also been reported for other species in Asteraceae family such as Rhaponticum carthamoides [50] and 

Cichorium pumilum [51]. Our findings demonstrated that the addition of IBA or NAA in culture media was 

effective for increasing the number of roots. The current study showed the positive effect of IBA on root 

induction and root length. Barpete et al. [52] suggested that PGRs must be used for root initiation in aquatic 
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plants and legumes. They used IBA for successful rooting in Lathyrus sativus. However, they emphasized 

that plants need lower concentration of IBA at the early stage. Indole-3 butyric acid was reported to induce 

maximum root number (11.6 per triscales) as compared with NAA in aquatic plant species Crinum 

malabaricum Lekhak & Yadav [41]. Resetar et al. [53] reported roots along with shoot morphogenesis on 

2.0 mg/L NAA and IBA in Galanthus woronowii. Auxins are routinely used for induction of rooting for in 

vitro shoots [54-57]. The application of auxins promotes the enzyme activities that regulate various 

pathways of protein, carbohydrates, nitrogen, and polyphenolic metabolism which could influence root 

formation [55]. Previous studies have shown that in herbaceous plant a very low concentration of strong 

auxins is effective in induction of rooting [58-60]. Apart from root number, their length is also critical in 

the survival of plants during hardening [61]. 

 

 

 
 

Figure 3 In vitro micropropagation of Lobelia cardinalis L. after 45 days of culture. (A) - (B) roots 

developed on MS medium without any plant growth regulators (PGRs) Control, (C) - (D) rooting of 

regenerated shoots on agar-gelled MS medium augmented with 1.0 mg/L IBA and (E-F) rooted shoot on 

MS medium supplemented with 2.0 mg/L NAA. (Scale bar = 1 cm). 

 

 

 

A 

C 

E 

B 

D 

F 
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Hardening and establishment of tissue culture plantlets  

All Lobelia cardinalis L. in vitro regenerated plants were acclimatized under greenhouse conditions 

without any mortality. During the transferring process, the regenerated Lobelia cardinalis L. plantlets 

showed normal phenotypic characteristics similar with their donor plant (Figures 4(A) to 4(G)). The 

plantlets regenerated from nodal segments appeared to be morphologically similar to mother plants. 

Regarding the in vitro acclimatization of Lobelia cardinalis L. plantlets, our findings are consistent with 

the 100 % survival rate reported for this genus by several authors [26,62]. These results contrasted with 

those observed for some plant species; where a high mortality has occurred during the acclimatization 

process due to stomatal dysfunction, weak root systems, and/or poor cuticle development [63]. Therefore, 

the protocol established in this study also ensures rapid and inexpensive rooting, as well as an adequate 

survival rate of this commercially important species. 

 

 
 

Figure 4 Acclimatization of the regenerated plantlets. (Scale bar = 1 cm); (A) - (B) 45-day-old regenerated 

shoots on MS medium supplemented with plant growth regulators, and (C) - (G) plantlets transferred to 

3.5×3.5 cm2 black net plastic pots containing rockwool medium with tap water under greenhouse conditions 

and acclimatized for 30 days. 

A B 

C D E 

F G 
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Conclusions 

In conclusion, an efficient regeneration protocol for Lobelia cardinalis L. has been established, which 

required 12 weeks from culture initiation to plant regeneration. All plantlets transferred to the ex-vitro 

conditions showed a high homogeneity without obvious morphological avoidance of somaclonal variation. 

Micropropagation would ensure a continuous supply of plants in limited time and space. This protocol will 

be helpful for rapid and large-scale propagation, to enrich the ornamental industry.  
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