
 

 

 

 Abstract—Lobelia chinensis is an important medicinal herb. It 

possesses low growth rate and easily got microbial infection. 

Therefore, the present study was carried out to investigate the 

indirect organogenesis of L. chinensis. Various explants, namely 

leaves, nodal segments and roots were cultured on MS medium 

supplemented with different concentrations of 2,4-D. The results 

showed that 2.0 mg/L 2,4-D induced the highest frequency of callus 

formation, 79.2%, for leaf explants. After being transferred to 

organogenesis stimulating medium, leaf explants derived callus 

exhibited the highest organogenesis frequency, 30.0% and maximum 

multiple shoots formation, 12.9 shoots. This indirect organogenesis 

technology would serve as an alternative in vitro propagation system 

for L. chinensis.  
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I. INTRODUCTION  

OBELIA chinensis is a medicinal herb from family 

Lobeliaceae, commonly used to reduce inflammation, 

contracts tissues, clears toxins and treats disorders such as 

fever, jaundice, swelling, and schistosomiasis [1] [2] [3].  

Callus production was influenced by the growth regulators 

supplemental basal media, genotype, the age, and 

developmental stage of explant, temperature and light [4] [5]. 

Organs are formed from callus tissues derived from single 

cells or several cells which divide to give rise to groups of 

meristemoids [6] [7]. Organogenesis occurs in various plant 

tissue cultures in response to exogenously added 

phytohormones, mainly auxin and cytokinin [8]. It has been 

shown that the indirect shoot organogenesis from callus 

cultures can be used as an effective method for multiplication 

of medicinal plants such as Coleus forskohlii [9] and Curcuma 

longa [10]. 

L. chinensis possesses low growth rate and easily infected 

by pathogens in the field. Propagation via organogenesis is 

one of the most efficient ways of mass production of plant 

materials [11]. Therefore, the major objectives of this research 

were a) to investigate the effect of 2,4-dichlorophenoxyacetic 

acid (2,4-D) on callus induction and, b) to investigate the 

effects of 6-benzyladenine (BA) on indirect organogenesis of 

L. chinensis,  

II.  MATERIALS AND METHODS 

A. Plant Materials 

In vitro plantlets of L. chinensis were used as source of 

plant materials. 
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B. Effect of 2,4-D on Callus Induction 

Different explants, namely leaves 4-8 mm, nodal segments 

5-8 mm, and roots 8-10 mm, were used as plant materials for 

callus induction. One explant was cultured in each vial 

containing 10.0 mL of Murashige and Skoog medium (1962) 

(MS) [12] basal medium supplemented with 1.0, 2.0, 3.0, 4.0, 

and 5.0 mg/L 2,4-D . Thirty samples were used for each 

treatment and the experiment was repeated three times. MS 

medium devoid of 2,4-D served as the control. The cultures 

were incubated at 252C in the dark and were observed daily 

for one month to determine the time of callus induction and 

percentage of callus formed.  

C. Effect of BA on Indirect Organogenesis 

Calli initiated were transferred onto MS medium 

supplemented with 1.0 and 2.0 mg/L BA to determine the 

shoot differentiation efficiency of the callus. BA free MS 

medium served as the control. Ten samples were used for 

multiple shoot formation and the experiment was repeated 

twice. All cultures were incubated at 252C under a 16 hours 

photoperiod provided by cool-white fluorescent lamps and 8 

hours of darkness. The percentage of shoot regeneration and 

the number of shoots produced were recorded. 

III. RESULTS AND DISCUSSIONS 

A.  Effect of 2,4-D on Callus Induction 

When the various explants of L. chinensis were cultured on 

MS medium without plant growth regulator, callus was not 

produced. Similarly, [13] also observed that calli were unable 

to initiate from neither leaves nor petioles when they were 

cultured in MS medium devoid of 2,4-D or picloram.  

Table 1 showed that for leaf explants, 2.0 mg/L 2,4-D 

induced the highest frequency of callus formation, 79.2%, 

followed by  1.0 mg/L 2,4-D which produced 76.6% of callus. 

The results showed that 1.0 mg/L 2,4-D induced 48.3% and 

35.8% of callus formation for nodal segments and roots 

explants, respectively. When the concentrations of 2,4-D 

increased, the percentage of callus formation decreased for all 

the explants. In this study, root explants were less responsive 

and exhibited low frequency of callus induction. Likewise, 

leaf and scape of Eryngium foetidum were most effective for 

callus induction, followed by stem and root [14]. The rate of 

callus regeneration depended on the explants source and plant 

growth regulators [15]. In many protocols, the callus induction 

medium contained auxin, usually 2,4-D, which had been 

widely accepted to be the principal controlling factor to 
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induce callus formation and growth [4] [16]. Reference [17] 

also reported that 2,4-D was the most effective auxin for 

callus induction among the other auxins tested.  
 

TABLE I 

EFFECT OF DIFFERENT CONCENTRATIONS OF 2, 4-D ON CALLUS INDUCTION 

FROM LEAVES, NODAL SEGMENTS AND ROOT EXPLANTS OF L. CHINENSIS 

AFTER FOUR WEEKS OF CULTURE 

Plant growth 

regulators 

Percentage of explants forming callus 

Leaves Nodal segments Roots 

MS (control) 0.00 0.00 0.00 

1.0 mg/L  2,4-D 76.6 48.3 35.8 

2.0 mg/L  2,4-D 79.2 34.2 18.3 

3.0 mg/L  2,4-D 65.0 31.7 15.0 

4.0 mg/L  2,4-D 64.2 31.7 14.2 

5.0 mg/L  2,4-D 47.5 27.5 10.0 
 

The callus production of leaves and nodal segments of L. 

chinensis occurred mostly on ninth to tenth day of inoculation 

in the dark while roots explants took longer time. Callus 

formation occurred at wounded edge of the explants and 

gradually covered the whole explant. Similarly, it was 

reported that callus induction of sorghum was observed as 

early as 10 days [18]. Similarly, after three weeks of 

incubation, Silene vulgaris leaf explants incubated on MS 

basal media with different concentrations of auxin/cytokinin 

demonstrated initial callus formation from the wounded 

margins of the leaf [5]. Time taken for callus induction, 

amount, color and texture of callus formation varied between 

the explant types as well as types, concentrations, and 

different combinations of plant growth regulators [19] [20].   

B. Effect of BA on Indirect Organogenesis 

The callus transferred to BA supplemented MS medium  

gradually became green in color and exhibited nodular 

structure which had the potential to form adventitious shoot in 

shoot induction medium. After the callus became green in 

color, formation of adventitious shoot buds was noticed from 

the surface of the nodular callus within four to five weeks of 

culture. Formation of leaves and shoot elongation was noticed 

within eight weeks of culture. After elongation, the shoots 

were transferred to hormone free MS medium for rooting. 

Reference [21] also reported that the calli of Psoralea 

corylifolia differentiated into green nodular structures which 

developed into dark green shoot buds in the media 

supplemented with 2.5 mg/L BA and 1.0 mg/L NAA 

(Naphthaleneacetic acid). In addition, [22] observed that green 

or green purple compact nodules from calli indicated the 

initiation of adventitious bud differentiation. Likewise, it was 

reported that the best embryogenic callus of Gossypium 

hirsutum was light parrot-green in color and featured a grainy, 

nodular texture [23]. It was noticed that callus transferred to 

MS medium without BA was not responsive and regenerative.  

In this study, it was observed that leaves and nodal 

segments derived callus of L. chinensis were more 

regenerative than callus developed from roots (Table 2). Root 

derived callus was not regenerative and exhibited the lowest 

frequency of shoot regeneration which could be neglected. In 

this study, for leaf explant derived callus, the highest 

frequency of shoot regeneration, 30.0%, was induced at 1.0 

mg/L BA and it achieved the maximum number of shoots, 

12.9 shoots on the eighth week. It was reported that cytokinins 

induced mostly shoot and root differentiation and elongation 

[24].  

 

TABLE II 

EFFECT OF BA ON THE PERCENTAGE OF SHOOT ORGANOGENESIS AND NUMBER OF SHOOTS PRODUCED FROM CALLUS ON THE EIGHT 

WEEKS OF CULTURE 

Composition  

of shoot induction medium 

Percentage of organogenesis Means of shoots formed 

± S.D. 

Leaves Nodal segments Roots Leaves Nodal segments Roots 

MS (control) 0 0 0 0 0 0 

MS+1.0 mg/L BA 30.0 34.2 0 12.9±0.3 a 12.8±0.4 b 0 

MS+2.0 mg/L BA 23.3 25.0 0 11.8±0.3 b  12.2±0.5 c 0 

*Values followed by different letters differ significantly at P ≤ 0.05 by DMRT. 

S.D. reprsents standard deviations of the means. 
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