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Abstract 

This research aimed to study the in vitro culturing of Eleiodoxa conferta (Griff.) Burr., collected 
from the Natural Study Center of Khan Thuli Peat Swamp Forest, located at Amphor Tha Chana, Surat 
Thani province. Primarily, the explant types for callus induction were investigated, and it was found that 
zygotic embryo is a suitable explant source, with a high potential of responsive tissue, and lacking 
browning secretions during culturing. The callus induction process was investigated by culturing zygotic 
embryos on MS medium supplemented with dicamba concentrations of 1.0, 2.5, and 5.0 mg.L-1 combined 
with 200 mg.L-1 ascorbic acid. The best 74.16 % callus response was obtained with 2.5 mg.L-1 dicamba. 
Callus proliferation was good on a medium with the reduced dicamba concentration of 0.5 mg.L-1, giving 
the largest 0.41 cm callus size, and the highest 0.141 g callus fresh weight. Embryogenic callus 
competence was successfully induced at 38.33 % when culturing with 0.1 mg.L-1 dicamba and 1.0 g.L-1 
casein hydrolysate. Embryogenic calli clump cultivated on MN6 medium developed to somatic embryos 
in the globular stage at 95.23 %. This suggests that the NO3/NO3+NH4 ratio and vitamin contents in 
MN6 could promote somatic embryogenesis. 
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Introduction 

Eleiodoxa conferta (Griff.) Burr. is a palm species within the Arecaceae family, and mostly grows 
in the tropical regions of Southeast Asia, such as Indonesia, Malaysia, and Thailand. In Thailand, it is 
originally found in the southern part, and has the common names Lumphi, Kra-Lu-Bi, or Lu-Bi. It is a 
monocotyledonous, dioecious (with male and female spadices on separate plants), and grows in peat 
swamp forests throughout the tropical zone [1]. This is a strictly tropical species that thrives in warm, 
sheltered, shady, and very moist swamp forests. It prefers organic-rich, fertile, acidic soil, and grows well 
in like company, forming large colonies. It is, therefore, a major component of the agro-ecosystems in 
these localities with constantly high humidity, and is a source in the food supply chain. The utilization is, 
in many ways, affected by properties specific to this case; for example, the fruit is extremely sour, so it is 
often pickled and used as a substitute for lemon or tamarind, and the leaves are used in thatching. The 
medicinal uses include plant extracts from the pounded stem or from scaly fruit husks, and these have 
been used in mixtures to treat cough and hoarseness [1]. Unfortunately, these plants might face losses in 
population and in genetic diversity, caused by environmental changes, increased cultivation of industrial 
crops, and residential land use. 
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Plant regeneration through tissue culture is an attractive method of utilizing the genetic resources of 
a plant, both as a source of bioactive compounds and in the conservation of a plant species [2]. While in 
vitro techniques allow rapid propagation and large numbers of plants, some significant problems can 
impede efficient plantlet production, such as unsuitable medium or hormones. In practice, inducing the 
explants indirectly through somatic embryogenesis produces the greatest number of plantlets, but is 
applicable to the least number of plant species. This process is strongly affected by the culture conditions, 
including the choice of culture medium composition, the subculture interval, and the type and 
concentration of growth regulators [3]. 

Over the past 5 decades, in vitro technology has been used in germplasm storage and in the clonal 
propagation of critically endanger plants [4,5]. Numerous investigations have demonstrated in vitro 
regeneration of economic palm plants, such as oil palm (Elaeis guineensis) [6], date palm (Phoenix 
dactylifera L.) [7], Salacca glabrescens [8], and coconut (Cocos nucifera L.) [9]. However, in vitro 
cultures of E. conferta (Griff.) Burr. have not been reported. Therefore, the present study was a 
preliminary investigation into the in vitro culture conditions for the best source of E. conferta explants, 
induction, and proliferation of calli by culturing zygotic embryos, with the medium compositions ranked 
by embryogenesis and somatic embryogenesis competence. 
 
Materials and methods 

Explant preparation and culture establishment 
Suitable explant type was initially investigated for the best source of in vitro culture. Samples of E. 

conferta (Griff.) Burr. (age about 5 years, of 3 - 4 m height) were collected from Khan Thuli Peat Swamp 
forest at the Natural Study Center in Tambon Khan Thuli, Amphor Tha Chana, Surat Thani, from August-
December, 2014. The samples collected from the field were transported to the laboratory within 4 h prior 
to in vitro culturing. For explant preparation, immature male and female flowers were collected, followed 
by the cutting off of spikelets from the axis, cleaning under running tap water, soaking in Teepol® 
solution for 10 min, and finishing with several rinses with running tap water. Subsequently, each female 
flower was excised from the spikelet and immediately soaked in 70 % alcohol for 2 - 3 min, followed by 
surface sterilization with 20 % (v/v) Clorox® with Tween-20 for 20 min, and rinsing with sterile distilled 
water 3 times. Otherwise, the cleaned male spikelets were soaked in 95 % ethanol, followed by burning to 
sterilize their surfaces. Ovaries and anthers were aseptically separated from flowers and cultured on MS 
medium [10] supplemented with 0.5 mg.L-1 BA, 1.5 mg.L-1 2,4-D, and 1 mg.L-1 NAA. Both surface 
sterilization and culture steps took place under laminar air flow. For immature inflorescence, the spadix 
was cut from the plant and sheaths were removed from immature inflorescence, which was surface 
sterilized by Clorox® as mentioned before, cut to approximately 1×1 cm2 size, and subsequently cultured 
on the same medium. Individual immature/mature fruits were carefully cut off and washed under running 
tap water to remove dirt and debris. The fruits were soaked in Teepol® solution for 10 min and rinsed 
with running tap water several times. The cleaned fruits were further processed under laminar air flow by 
removing scaly fruit husks, and were soaked in 95 % ethanol, followed by burning. Zygotic embryos were 
aseptically excised from the seeds using secateurs, and were cultured on medium. The cultures were 
incubated at 27±2 °C under 1,000 - 3,000 Lux illumination for 16 h daily photoperiod. These same 
conditions were used throughout all culturing in this work. 
 

Zygotic callogenesis induction and callus proliferation  
Callus induction was carried out by culturing mature zygotic embryos (collected approximately 90 

to 100 days after pollination) on basal MS medium supplemented with 200 mg.L-1 ascorbic acid. The 
culture medium was supplemented with alternative dicamba concentrations of 1.0, 2.5, and 5.0 mg.L-1. 
Each treatment group consisted of 120 embryos (12 bottles; 10 embryos per bottle). The percentage of 
callus formation was recorded after culturing for one month. Primary calli were transferred to proliferate 
on medium with identical composition to the callus induction state, except for reducing dicamba 
concentrations to 0.25, 0.5, or 1.0 mg.L-1. Each treatment contained 100 primary calli (20 bottles; 5 calli 
per bottle). Culture conditions were similar as previously described. Twenty-five calli per treatment were 
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randomly selected to measure the increments in callus size and fresh weight, after culturing for one 
month, as differences between the final and initial observations. 
 

Embryogenic callus induction and somatic embryogenesis competence 
Embryogenic callus initiation was studied by transferring calli to MS medium containing 0.1 mg.L-1 

dicamba supplemented with 1.0 g.L-1 casein hydrolysate. All the media were supplemented with 200 
mg.L-1 ascorbic acid. Each treatment group had 60 calli (12 bottles; 5 calli per bottle). The percentage of 
embryogenic development was recorded after 1 month of culture. Plant regeneration was assessed by 
transferring embryogenic clumps to fresh MS and Modified N6 (MN6) media [11]. Each treatment was 
performed to 45 embryogenic clumps (15 bottles; 3 embryogenic calli per bottle). The percentage of 
somatic embryogenesis was recorded after 1 month of culture. All culture conditions were as described 
previously. 
 

Experimental design and data analysis 
The experiments followed a completely randomized design. The observed data included percent of 

callus formation, callus size and callus fresh weight, percent of embryogenic calli, and percent of somatic 
embryogenesis; these data were subjected to analysis of variance (ANOVA), and differences in means of 
treatments were subjected to Tukey’s test for statistical significance (p < 0.05). 
 
Results and discussion 

Callus induction and proliferation 
Various factors influence plant regeneration under in vitro conditions, such as the type of explants, 

basal medium, growth regulators, genotype, and culture conditions. For initiation of the culture, the 
source materials used in the in vitro culture of E. conferta were preliminarily tested. The explant types 
tested were immature anther, immature ovary, immature male/female inflorescence, and immature/mature 
zygotic embryo. All these explants were cultured on the callus induction medium containing a 
combination of BA, 2,4-D, and NAA. We found that immature female inflorescence and immature or 
mature embryos gave better callus induction than the other types that showed browning exudation (data 
not shown). However, in prolonged culture on this medium, the immature female inflorescence had 
browning exudates, except for the zygotic embryo tissues. Apparently, the combination of wounding, the 
type of tissue, and the growth regulator, induced phenolic compound production [12]. The immature 
female inflorescence gives some trouble in the collection of sufficient sample quantity, which must be 
done during the period of inflorescence formation. Zygotic embryos are the best choice for tissue culture 
experiments, providing sufficient sample sizes, easy shipping (even over long distances), aseptic 
processes, and in being tremendously responsive. Zygotic embryos are young tissues, which are usually 
the preferred choice for tissue culture. They have higher potential to produce embryos and organs than the 
more differentiated and more mature tissues [13]. Rapid multiplication of oil palm was successful from 
cultured zygotic embryos as the starting material [11]. Various stages of zygotic embryos and various 
genotypes of oil palm have been reported in the successful induction of somatic embryogenesis [14]. 
Likewise, a high rate clonal propagation of the nipa palm (Nypa frutican Wurmb.) was first reported 
using zygotic embryos as the initial explants [15]. Micropropagation of Heliconia bihai L. was also 
established using zygotic embryos, excised from either immature or from mature fruit [16]. 

After 2 weeks of culture on the callus induction medium, almost mature zygotic embryos were 
swelled, and the calli were developed a week later, at the ridge of tissue contacting the medium. The 
callus induction was strongest by the media with 2.5 and 5.0 mg.L-1 dicamba, as shown in Table 1 and in 
Figure 1(a). While the zygotic embryo is the best tissue for culturing, the physical wounding during 
embryo excision greatly affected the callus induction capacity by causing secretion of phenolic 
compounds into the medium, and these turned from clear to brownish in color. The phenolic compounds 
revealed toxicity and made the tissues unresponsive, ultimately causing death, even if ascorbic acid and 
antioxidants were supplemented to the medium [17]. In all media cultures, the compact calli were 
developed, with white, yellowish, and pale green colors, as shown in Figure 1. The calli were transferred 
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to the callus multiplication medium with reduced dicamba concentration. The results showed that the size 
and fresh weight of callus were not significant factors in any media, but culturing calli with 0.5 mg.L-1 
dicamba gave the best callus proliferation, as shown in Table 2. Friable calli were observed in all media, 
showing white, yellow, and green colors.  

Dicamba is an effective auxin, and is usually used at low concentrations (0.2 - 10 mg.L-1) for callus 
induction, embryogenic callus, and somatic embryogenesis induction in various monocotyledons. It 
preferentially induces division in epidermal cells, parenchyma cells, and vascular tissue, while the 2,4-D 
stimulates only epidermal cell division [18]. Micropropagation of oil palm Elaeis guineensis Jacq. var. 
Tenera gave stronger callus induction and embryogenic callus proliferation in cell suspension with 0.3 
mg.L-1 dicamba than with 2,4-D [19]. Moreover, the 2,4-D induces considerable production of phenolic 
compounds in plant cells, and causes mutations in in vitro cultures [20]. Also, dicamba at the high 20 
mg.L-1 concentration has successfully promoted callus induction and multiplication from the young leaves 
of Vatica diospyroides [21]. 
 
 
Table 1 Callus induction rates of zygotic embryos cultured on various media. 
 

Concentration of dicamba (mg.L-1) Percent of callus formation 
1  61.67 

2.5  74.16 
5  71.67 

 
MS was used as the basal medium, with 3 % sucrose and with 200 mg.L-1 ascorbic acid. Tukey’s test did 
not indicate statistically significant differences. 
 
 
 

 
 
Figure 1 In vitro zygotic culture of E. conferta through somatic embryogenesis. (a) zygotic embryo at 1 
month of culturing on callus induction medium (bar 1 cm). (b) embryogenic callus developed on 0.1 
mg.L-1 dicamba and 1 g.L-1 casein hydrolysate in the medium (bar 1 cm). (c,d) somatic embryogenesis on 
MN6 medium showed globular, heart, torpedo, and cotyledonary stages, here labeled as d1, d2, d3, and 
d4, respectively (bar 1 cm). 
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Table 2 Callus proliferation. 
 

Concentration of 
dicamba (mg.L-1) 

Increment in Callus characterization size (cm) fresh weight (g) 
0.25  0.25 0.009    compact and friable callus, white and green 

0.5  0.41 0.141 compact and friable callus, yellow and green 
1  0.24 0.06 compact and friable callus, yellow and green 

 
MS was used as the basal medium, with 3 % sucrose and with 200 mg.L-1 ascorbic acid. Tukey’s test did 
not indicate statistically significant differences. 
 
 

Embryogenic callus induction and somatic embryogenesis 
Development of the primary embryogenic calli was carried out by culturing the calli on medium 

having 0.1 mg.L-1 dicamba with or without 1.0 g.L-1 casein hydrolysate. The observed embryogenic callus 
formation did not differ significantly between the alternative media. The medium containing 0.1 mg.L-1 
dicamba showed 23.33 % embryogenic calli, while 38.33 % was reached when casein hydrolysate was 
added to the medium (Table 3). This experiment induced embryoid formation in callus transferred to 
fresh medium, with dicamba concentration reduced to 0.1 mg.L-1. The decreased dicamba concentration 
stimulated the proliferation rate of embryogenic calli, and also promoted the formation of large numbers 
of embryoids [22]. This is a typical rule of embryogenesis induction. Similar approaches have been used 
to promote the somatic embryogenesis from immature inflorescence of Areca catechu [23], and to 
multiply embryogenic and somatic embryo formation from immature zygotic embryos of various 
genotypes of oil palm [24]. However, embryoid formation also occurred on MS basal medium, most 
likely due to the influence of dicamba accumulation in the tissue during the callus multiplication step, 
which affected the embryogenesis process. The addition of casein hydrolysate at 1.0 g.L-1 enhanced 
embryogenic formation from calli because of its organic substance composition. Casein hydrolysate is a 
complex organic additive and is an excellent source of amino nitrogen and free amino acids [25]. It has 
been shown to improve and expedite responses of in vitro cultures of various plant species, for example, 
enhancing the callus growth in Indian mulberry Morinda citrifolia [26], supporting the callus production 
in pea Pisum sativum [27], and producing greenish healthy nodular calli with improved embryogenic 
capacity in the medicinal plant Stevia rebaudiana [28]. In the palm family, the best callus growth and 
somatic embryo formation of date palm (P. dactylifera L.) were achieved either with yeast extract or with 
casein hydrolysate in the culture medium [7]. 

In the experiments, somatic embryogenesis was observed in the globular stage on some 
embryogenic clumps on the embryogenic induction medium. Consequently, the capacity of tissue 
differentiation was evaluated by transferring embryogenic clumps to MS and MN6 media. The somatic 
embryogenesis in the globular stage became stronger in both these media. The MN6 gave the higher 
95.23 % somatic embryogenesis, while the basal MS medium gave 17.77 %, and the embryos became 
greenish from the chlorophyll pigment produced (Table 4 and Figure 1(c)). Somatic embryo shapes 
found included heart and torpedo shapes in the MN6 medium, and some somatic embryogenic capable 
cases differentiated to the cotyledonary stage, shown in Figure 1(d). Comparison of medium components 
between MS and MN6 showed a difference in nitrogen content ratio and in various vitamin contents. 
Nitrogen is a major nutrient component influencing in vitro morphogenesis by the ratio between NO3 and 
NH4 ions, and this ratio needs to be adjusted for each plant species [29]. In the current experiments, 
increasing the nitrogen NO3/NO3+NH4 ratio from 1.91 (MS) to 8.68 (MN6) improved tissue 
morphogenesis. This is similar to observations about the embryo/plantlet regeneration frequencies of 
Coffea species, cultured on primary culture medium, when increasing the NO3/NO3+NH4 ratio from 0.66 
to 0.75 and with a 2-fold lower growth regulator concentration [30]. Growth and morphogenesis of plant 
tissue culture can also be enhanced by some vitamins [31]. Several vitamin contents in MN6 were higher 
than in MS, with 5-fold nicotinic acid, 5-fold pyridoxine, and 25-fold thiamine. In a prior study, increased 
concentrations of nicotinic acid (4 µM to 30 µM) and/or thiamine (0.3 µM to 5 µM) in MS enhanced the 
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embryogenesis frequency of zygotic embryos and somatic embryos of Glycine max [32]. This suggests 
that the nutrients, especially nitrogen content and/or vitamin contents in MN6, were more suited for tissue 
regeneration than the composition of MS. This is in agreement with Thuzar et al. [11], where the highest 
plant regeneration through somatic embryogenesis of zygotic embryo culture of oil palm was productive 
on N6 and on MN6 media without growth regulator. Plant regeneration on medium without plant 
regulator is an advantage to the in vitro culture, because prolonged cultivation in a cytokinin 
supplemented medium during the regeneration usually leads to somaclonal variations [33] and a shorter 
transfer interval, and low auxin plus high cytokinin levels in the medium increase the incidence of 
abnormalities [34]. The experimental results of the current study suggest that MN6 could be better suited 
for somatic embryogenesis and plant regeneration than MS. However, the type of medium for callus 
acclimatization and the subculture interval should be studied further, to obtain most efficient plant 
regeneration through the embryogenesis and somatic embryogenesis of E. conferta. 
 
 
Table 3 Embryogenic callus induction. 
 

Medium type Embryogenic callus induction (%) 
MS 30 
MS+0.1dicamba  23.33 
MS+0.1 dicamba + CH  38.33 
 
MS was used as the basal medium with 3 % sucrose, and with 200 mg.L-1 ascorbic acid. Observed 
differences were not statistically significant according to Tukey’s test. CH is casein hydrolysate added in 
medium at 1.0 g.L-1. 
 
 
Table 4 Somatic embryogenesis with relative proportions of different stages. 
 

Medium type Somatic embryogenesis 
(%) globular heart torpedo 

MS 17.77b +++ + + 
MN6 95.23a ++++ ++ +++ 
 
Different superscripts indicate highly significant differences (p < 0.01) according to Tukey’s test. 
 
 
Conclusions 

Effective callus induction and callus proliferation of E. conferta were achieved when cultured with 
MS with 2.5 mg.L-1 dicamba and subsequently multiplied with MS containing 0.5 mg.L-1 dicamba. 
Reducing the dicamba concentration and supplementing the medium with casein hydrolysate effectively 
improved embryoid formation. The N6 medium was superior to the MS basal medium in promoting 
somatic embryogenesis. 
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