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ABSTRACT

Melientha sauvis Pierre is an edible wild tree in Thailand. Local communities in Thailand harvest new shoot of the plant by 
burning the forest to stimulate it, a process that destroys the forest. This study was aimed at developing a methodology for 
callus culture production of M. suavis. Callus was induced from leaf, young stem, and shoot tip of M. suavis on Murashige 
and Skoog (MS) basal medium supplemented with various formulations of 2,4-dichlorophenoxyacetic acid (2,4-D) and 
6-benzylaminopurine (6-BA). Callus produced from young stem explants appeared faster (14 d). Maximum callus growth 
(40%) and fresh weight (5.56 g) were observed in young stem explant cultured on MS medium containing 2 mg L-1 2,4-D. 
The findings of this work contribute to large scale micropropagation or bioactive compound production in M. suavis.
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INTRODUCTION

Melientha suavis Pierre is a wild plant species native to Southeast Asia (Le et al., 2018). It is a deciduous plant commonly 
found in the Northern parts of Thailand under the local name pak wan pa (Figure 1a and 1b) (Hempattarasuwan and Duangmal, 
2015). The blossoming flowers and young leaves of this plant species are cooked and eaten as vegetables by local Thai 
communities (Prathepha, 2000). Young and ripe fruits are also boiled and seeds fried as food (Pignone and Hammer, 2016). 
 In Thailand, M. suavis is collected from the forest by some local communities once a year, from June to July. They 
burn the forest to stimulate new shoots of the plant, a process that leads to deforestation. Other communities also cultivate 
the plant mainly from young seedlings obtained from commercial nurseries. Cultivation of M. suavis in Thailand is often 
carried out by intercropping in orchard farms (Pignone and Hammer, 2016). However, long seedling period restricts rapid 
commercial cultivation of M. suavis (Amprayn et al., 2013). Tissue culture techniques can be used to eliminate these 
constraints (Al-Khayri, 2011).
 Plant tissue culture techniques are very important for rapid and mass propagation of plants (Castro et al., 2016). 
Establishing a tissue culture technique for M. suavis is therefore very critical for its commercial cultivation (Pacheco et 
al., 2012). Plant growth regulators are very essential for in vitro propagation (Libin et al., 2012). The concentration and 
type of these growth regulators are very crucial for the in vitro culture system (Karalija and Paric, 2011). Auxins and 
cytokinins are mostly used for callus induction because of their ability to stimulate cell division and elongation (Castro 
et al., 2016). The auxin 2,4-dichlorophenoxyacetic acid (2,4-D) and cytokinin 6-benzylaminopurine (6-BA) have been 
extensively used individually or in combination, at various formulations, to induce callus of various plant species (Al-
Khayri, 2011; Karalija and Paric, 2011; Saensouk, 2011; Bhagya and Chandrashekar, 2013; Castro et al., 2016).
 In this study, the suitable explant and optimum concentrations of the auxin 2,4-D and cytokinin 6-BA for callus 
induction of Melientha suavis Pierre were determined.
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MATERIALS AND METHODS

Melientha suavis Pierre was collected from the Panwijak garden, Nong Bua Lumpoo Province (17°09’ N, 102°22’ E), 
Nong Bua Lumpoo Province, Thailand, from June to July 2016 and 2017. The botanical identity was confirmed by 
Herbarium, Department of Biology, Naresuan University. The plant was deposited at the Herbarium (herbarium deposit 
voucher 004661), Department of Biology, Naresuan University and Laboratory for further reference.
 The stem, leaf, and shoot tip explants of M. suavis were each put into a separate flask. The explants were cleaned with 
0.5 mL surfactant composed of sodium lauryl ether sulfate (7.2%, w/w) and linear alkylbenzene sulfonate potassium salt 
(10.0%, w/w) and washed with running tap water. The surface was then disinfected with sodium hypochlorite (0%, 10%, 
15% and 20%) for 8 min, after which they were washed well with sterile distilled water for 10 min trice. All explants were 
cut into 1 × 1 cm pieces. Each explant piece was then place in a 120 mL glass bottle containing Murashige and Skoog 
(MS) basal medium with vitamins (3%, w/v), sucrose (30 g L-1), agar (0.8%, w/v), and supplemented with 0.0, 0.1, 0.2, 
0.3, 0.4, and 0.5 mg L-1 6-benzylaminopurine (6-BA) alone or with 0, 1, 2, 3, 4, and 5 mg L-1 2,4-dichlorophenoxyacetic 
acid (2,4-D). The pH was then adjusted to 5.6 before autoclaving.
 The cultured explants were transferred to a growth chamber and maintained at 24 ± 2 °C under 12:12 h photoperiod 
illuminated by warm white LED bulb (18 W, bioBULB, Bangkok, Thailand) with intensity of 40 μmol m-2 s-1 and 85 
± 5% relative humidity (Muñoz et al., 2019). Survival rate and the number of callus formation of the cultured explants 
were evaluated for 8 wk. Sub-culturing was conducted by transferring the callus to fresh MS medium containing the 
same type of growth regulators as before. The third sub-cultured callus was then collected and the fresh weight (g) 
determined. Aspect and color of callus were also evaluated. The scale of visual appreciation used included friable (soft 
and loose textured) and compact (dense textured).
 The experiments were conducted according to the complete randomized design (CRD). Callus cultures were evaluated 
for up to 56 d. The data were subjected to one-way ANOVA and Tukey test for separation media at p < 0.05, using 
SPSS version 16.0 (SPSS Inc., Chicago, Illinois, USA). The data presented are the average of 10 replicates and their 
corresponding standard deviations. 

RESULTS

Young stem, leaves, and shoot tips were used as explants to start callus initiation in the current study. All explants were 
surface sterilized in 0%, 10%, 15%, and 20% sodium hypochlorite for 8 min prior to culturing. Explants surface sterilized 
with 15% sodium hypochlorite had significantly (p < 0.05) highest survival rate (Table 1). The survival rate of leaf, young 

Figure 1. Melientha suavis mature tree with fruits (a) and edible young shoots (b).
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stem and shoot tips sterilized with 15% sodium hypochlorite were 60%, 80% and 50%, respectively. Sterilization with 
sodium hypochlorite concentrations above and below 15% resulted in a survival rate below 50%. The sodium hypochlorite 
concentration of 15% was therefore selected and used for surface sterilization of all explants in subsequent studies. 
 Effect of 6-BA at different concentrations (0.0, 0.1, 0.2, 0.3, 0.4, and 0.5 mg L-1) on callus formation rate of the leaf, 
young stem, and shoot tip explants were recorded weekly for 8 wk in vitro (Tables 2, 3, 4). The earliest callus clump 
from young stem appeared after 21 d of culturing (Table 2). Maximum callus formation in young stem explants (30%) 
was observed with the application of 0.3 mg L-1 6-BA. Callus formation in young stem explants with the application 
of 0.3 mg L-1 6-BA increased to 30% after 21 d, beyond which there was no increase. Callus formation in leaf explants 
however delayed till 35 d after culturing. Leaf explant recorded very low callus formation rate (10%) at the various 
concentrations of 6-BA (Table 3). Shoot tip formed callus only on MS medium supplemented with 0.1 mg L-1 6-BA 
(Table 4). Callus formation (10%) in shoot tip was observed after 21 d of culturing. This was maintained up to 35 d, 
beyond which the callus started browning and died. Young stem explant cultured in MS medium with 0.3 mg L-1 6-BA 
was identified as appropriate for inducing callus in M. suavis.

 %  %
   0 10 ± 2.0c 10 ± 1.3c 10 ± 1.7c
 10 40 ± 3.5b 40 ± 2.6b 30 ± 3.0b
 15 60 ± 3.6a 80 ± 4.6a 50 ± 5.3a
 20 30 ± 5.6b 40 ± 4.0b 30 ± 1.5b

Data are presented as mean ± SD. Means with different letters in the same column are different 
according Tukey test (p < 0.05).

Sodium hypochlorite Leaves Young stem Shoot tips

Table 1. Effect of sodium hypochlorite concentrations on the survival rate of Melientha suavis explants.

Survival rate

Control 0 0 0 0 0 0 0 0
0.1 0 0 20 ± 3.0b 20 ± 3.0b 20 ± 3.0b 20 ± 3.0b 20 ± 3.0b 20 ± 3.0b
0.2 0 0 0 0 0 0 0 0
0.3 0 0 30 ± 3.6a 30 ± 3.6a 30 ± 3.6a 30 ± 3.6a 30 ± 3.6a 30 ± 3.6a
0.4 0 0 10 ± 1.7c 10 ± 1.7c 10 ± 1.7c 10 ± 1.7c 10 ± 1.7c 10 ± 1.7c
0.5 0 0 0 0 0 0 0 0

Data are presented as mean ± SD. Means with different letters in the same column are different according 
Tukey test (p < 0.05). 0 represents no callus formation.

6-BA

Table 2. Effect of 6-benzylaminopurine (6-BA) and young stem explants on Melientha suavis callus formation.

Rate of callus formation

% 

7 d 14 d 28 d 35 d 42 d 49 d 56 d21 d

mg L-1

Control 0 0 0 0 0 0 0 0
0.1 0 0 0 0 10 ± 1.0 10 ± 1.0 10 ± 1.0a 10 ± 1.0a
0.2 0 0 0 0 0 0 10 ± 1.8a 10 ± 1.8a
0.3 0 0 0 0 0 0 10 ± 2.6a 10 ± 2.6a
0.4 0 0 0 0 0 0 10 ± 2.0a 10 ± 2.0a
0.5 0 0 0 0 0 0 10 ± 1.7a 10 ± 1.7a

Data are presented as mean ± SD. Means with different letters in the same column are different according 
Tukey test (p < 0.05). 0 represents no callus formation.

6-BA

Table 3. Effect of 6-benzylaminopurine (6-BA) and leaf explants on Melientha suavis callus formation.

Rate of callus formation

% 

7 d 14 d 28 d 35 d 42 d 49 d 56 d21 d

mg L-1
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 The addition of 2,4-D to the MS medium affected the rate of callus formation from young stem explants. Callus 
formation from young stem explants on MS medium containing 2,4-D was observed after 14 d (Table 5), which was 
faster when compared to that of young stem explants on MS medium containing 6-BA (Table 2). The highest callus 
formation percentage (40%) was achieved when 2 mg L-1 2,4-D was added to the MS medium. The fresh callus of young 
stem cultured on MS medium containing 2 mg L-1 2,4-D and MS medium containing 0.3 mg L-1 6-BA were analyzed after 
sub-culturing twice (Table 6). Fresh callus obtained from MS medium containing 0.3 mg L-1 6-BA was pale green with 
an average weight of 3.51 g per bottle (Figure 2). However, fresh callus on MS medium containing 2 mg L-1 2,4-D was 
yellow with an average weight of 5.56 g per bottle (Figure 3).

DISCUSSION

Melientha suavis is a very important food plant for the local communities in Northern Thailand (Hempattarasuwan and 
Duangmal, 2015). They are commonly sold in local markets as vegetables (Prathepha, 2000). Phytochemical compounds 
have also been reported for M. suavis (Charoenchai et al., 2015). A micro-propagation system using explants from leaves, 
young stem, and shoot tips was evaluated in this study. Contamination is a major obstacle during in vitro propagation of 

Control 0 0 0 0 0 0 0 0
0.1 0 0 10 ± 1.5 10 ± 1.5 10 ± 1.5 0 0 0
0.2 0 0 0 0 0 0 0 0
0.3 0 0 0 0 0 0 0 0
0.4 0 0 0 0 0 0 0 0
0.5 0 0 0 0 0 0 0 0

Data are presented as mean ± SD. 0 represents no callus formation.

6-BA

Table 4. Effect of 6-benzylaminopurine (6-BA) and shoot tips explants on Melientha suavis callus formation.

Rate of callus formation

% 

7 d 14 d 28 d 35 d 42 d 49 d 56 d21 d

mg L-1

Control 0 0 0 0 0 0 0 0
1 0 0 10 ± 1.3b 10 ± 1.3b 10 ± 1.0b 0 0 0
2 0 20 ± 2.6 20 ± 2.6a 20 ± 2.6a 20 ± 2.6a 40 ± 3.2 40 ± 3.2 40 ± 3.2
3 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0

Data are presented as mean ± SD. Means with different letters in the same column are different according 
Tukey test (p < 0.05). 0 represents no callus formation.

2,4-D

Table 5. Effect of 2,4-dichlorophenoxyacetic acid (2,4-D) on callus formation of Melientha suavis young stem explants.

Rate of callus formation

% 

7 d 14 d 28 d 35 d 42 d 49 d 56 d21 d

mg L-1

Table 6. Effect of 6-benzylaminopurine (6-BA) and 2,4-dichlorophenoxyacetic acid (2,4-D) on fresh callus weight of 
Melientha suavis young stem explants.

mg L-1 mg L-1 g bottle-1

0.0 0.0 0.0
0.3 0.0 3.51 ± 0.16b
0.0 2.0 5.56 ± 0.15a

Data are presented as mean ± SD. Means with different letters in the same 
column are different according Tukey test (p < 0.05). 

6-BA 2,4-D Fresh weight
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plants. Surface sterilization is very important in minimizing contamination in the micro-propagation system (Shen et al., 
2011). The concentration and type of chemical compound used for surface sterilization may be a hindrance to the in vitro 
propagation method. Establishing a unique sterilization technique for a particular micro-propagation system is therefore 
important for its success. In the current study, surface sterilization using 15% sodium hypochlorite was identified as been 
suitable for in vitro propagation of M. suavis (Table 1). Sodium hypochlorite concentrations below or above 15% resulted 
in the low survival rate of explants. 
 In vitro plant propagation is normally carried out by culturing different plant parts obtained from the whole 
plant on an appropriate nutrient medium. The choice of a suitable explant, among other factors, is very important 
for the success of in vitro plant propagation (Manawadu et al., 2016). Initiation of callus cultures of M. suavis was 
successfully carried out by using the young stem as starting explant. Leaf and shoot tip explants did not give good 
response to in vitro conditions which were set up in this study. Numerous studies have reported successful in vitro 
propagation with stem explant. Bhagya and Chandrashekar (2013) successfully induced callus from young stem 
explants of Cyclea peltata on MS medium containing 6-benzyl amino purine (BAP) + naphthaleneacetic acid (NAA) 

Figure 2. Compact, friable, cream, pale green callus cultures of Melientha suavis on MS medium supplemented with 
0.3 mg L-1 6-benzylaminopurine (Bar = 1 cm). 

Figure 3. Compact, friable, yellow, light green callus cultures of Melientha suavis on MS medium supplemented with 
2 mg L-1 2,4-dichlorophenoxyacetic acid (Bar = 1 cm).
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and BAP + indole acetic acid (IAA) at concentrations of 2 + 3 mg L-1 and 0.5 + 0.1 mg L-1, respectively. Stem 
explants of Taxus baccata L. produced better callus on B5 medium containing 0.5 mg L-1 NAA, 20 g L-1 sucrose, 0.1 
mM gluthatione, 500 mg L-1 casein, 2 mg L-1 2,4-D, 0.4 mg L-1 kinetin, and 8 g L-1 agar when compared to leaf explant 
(Ghafoori et al., 2012). 
 Plant growth regulators are very essential in the growth and development of plants in vitro. Auxins and cytokinins are 
normally used for callus induction because of their ability to stimulate cell division and elongation (Castro et al., 2016). 
A suitable concentration or mixture of these growth regulators must be established for each plant species (Castro et al., 
2016). The auxin 2,4-D was found to be more appropriate for callus induction from the young stem of M. suavis when 
compared to the cytokinin 6-BA (Table 5). Supplementing MS medium with 2 mg L-1 2,4-D was more effective when 
compared to the other concentrations studied. Saensouk (2011) reported that supplementing MS medium with 2 mg L-1 
2,4-D was more suitable for inducing callus from young leaves of Cornukaempferia aurantiflora. Callus induction from 
rice (Oryza sativa L.) seeds was highest (97%) on MS medium containing 2 mg L-1 2,4-D (Libin et al., 2012). The findings 
of this study are very useful for further research on in vitro propagation of M. suavis for large scale production, gene 
transformation or production of bioactive compounds.

CONCLUSIONS

The study has demonstrated that young stem explant from Melientha suavis is more appropriate for callus induction. 
The auxin 2,4-D at 2 mg L-1 in the MS basal medium with vitamins (3%, w/v), sucrose, and agar (0.8%, w/v) is more 
appropriate for callus induction. Surface sterilization with 15% sodium hypochlorite was found to be very essential for a 
successful callus formation. 
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