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Abstract 
 

Orthosiphon aristatus is a herbal and ornamental herb from Lamiaceae family that 

has long been used as a diuretic for alleviating uric acid disease, gallbladder and 

kidney stone. Conventional propagation of this plant by stem cutting method faces 

major challenges notably due to the defect in roots formation, while the demand for 

this plant is high. This research aimed to establish a protocol for optimal 

micropropagation of O. aristatus through indirect and direct organogenesis method. 

Calli induction on MS agar medium supplemented with 2,4-D 0.5 mg L-1 and kinetin 0.3 

mg L-1 resulted in 4.32 ± 1.49 g fresh weight of calli. Regeneration of shoots was 

successfully achieved on MS with 2 mg L-1 BAP with 47 shoots from a single clump of 

calli. MS0 medium was found to be the best in inducing roots formation. Meanwhile, 

multiplication through direct organogenesis was optimally performed on MS 

supplemented with 2 mg L-1 BAP with 9.00 ± 4.42 new shoots produced in 8 weeks after 

cultured. In conclusion, optimal multiplication shoots of O. aristatus has been 

achieved through callus formation and direct organogenesis.  
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1.0 INTRODUCTION 
 

Orthosiphon aristatus (Blume) Miq. (Syn. O. 

grandiflorus Bold.)), also called Kidney Tea, Cat’s 

whiskers and Java Tea plant [20], is a popular 

medicinal and ornamental herb in European and 

South East Asia countries [21]. This perennial plant 

belongs to Lamiaceae family and is characterized by 

the upright stem, which can reach 1.5 m tall, the 

white-purplish flower with a filament that looks like 

Cat's whiskers and bushy appearance [21].  

Traditionally, O. aristatus is used for alleviating 

kidney and urinary bladder-related diseases due to 

its diuretic activity [3, 12, 26]. This plant contains a 

high amount of Orthosiphonin glycosides and 

potassium, which could dissolve uric acid, 

phosphate, and oxalate from the body, thus prevent 

the formation of stones. Therefore, this plant has long 

been used for treating gallbladder stones, uric acid 

[54], and kidney stone [36]. Also, O. aristatus is also 

commonly used for diabetes, rheumatism, 

hypertension [54], renal ischemia [32], and for 

lowering blood triglycerides level [49]. It has been 

discovered that this plant has antioxidant [57] and 

antimetastatic activities [1]. 

During the commercial production of O. 

aristatus, their flowers are usually removed to 

increase the amount of health-promoting bioactive 

compounds in the leaves. The low germinative ability 

of the seeds could prevent generative plant 
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reproduction [38]. Consequently, the vegetative 

propagation method, notably by stem cutting, is 

employed for commercial production of this plant 

[55]. Even this technique faces some significant 

obstacles, such as scanty root and its delayed 

morphogenesis [41]. Therefore, there is an urgent 

need for a more efficient method of propagation to 

meet the market demand of this plant.  

In vitro, culture is a potential technology for plant 

propagation in a rapid, uniform, and disease-free 

manner. The success of seed procurement through in 

vitro cultures is dependent on various factors such as 

the explant species and the physiological condition 

of the parent tree. Regeneration system in tissue 

culture can be through the path of direct and 

indirect organogenesis. 

Direct organogenesis is one of the plant tissue 

culture techniques characterized by the formation of 

new buds or plant’s organs directly from the mother 

plant. In the case of O. aristatus, direct 

organogenesis involves the formation of shoots from 

axillary bud explants by breaking the apical 

dominance of the apical meristem [11]. Meanwhile, 

indirect organogenesis occurs when callus, i.e., a 

collection of undifferentiated or partially 

differentiated cells, is formed from explants. The 

callus could proliferate and differentiate into plant 

organs [44].  

The MS medium (Murashige & Skoog) is the most 

used basal media to support plant growth in vitro. 

Plant Growth Regulators (PGRs) are very important 

for the plant's physiological regulations, such as 

growth, development, and organogenesis [15]. 

Optimal multiplication could be achieved by adding 

specific types and amounts of PGRs, notably auxins 

and cytokinins, into the basal media [30]. Cytokinins 

favor the morphogenesis of axillary buds and the 

proliferation of shoot. The higher concentration of 

cytokinin to auxin ratio is required for the direction of 

induction of shoots on explants, and higher auxin to 

cytokinin ratio is necessary for callus initiation and 

proliferation of somatic cells. Among the synthetic 

cytokinins are BAP (6-Benzylaminopurine) and kinetin, 

while auxins are NAA (1-Naphthaleneacetic acid) 

and 2,4-D (2,4-Dichlorophenoxyacetic acid) [15].  

Callus induction from leaf, petiole, and stem of 

O. stamineus has been reported by Lee & Chan [24] 

with the highest callus induction was observed in leaf 

explants. The usage of 2,4-D resulted in a high yield of 

callus induction of Ipomoea obscura, Withania 

somnifera, and Cardiospermum halicacabum [28]. 

Meanwhile, for direct organogenesis, positive 

outcome on shoot regeneration during organogenic 

segregation was found in media supplemented with 

cytokinin (BAP, TZD) in combination with auxin (IAA, 

NAA, IBA) [13, 53, 16, 42, 46]. Thus, this study was 

aimed to determine the effects of rapid propagation 

protocol of Indonesian O. aristatus by developing the 

optimization media for direct and indirect 

organogenesis under in vitro condition. 

 

2.0 METHODOLOGY 
 

Explant Sterilization and Isolation 

 

Axillary bud of O. aristatus was used as explant. The 

explant of O. aristatus was collected from Jakarta, 

Indonesia and maintained at Biotechnology 

Laboratory of Pelita Harapan University. The explants 

were washed with detergent and rinsed with running 

water to remove soil particles. The explants were 

dipped in 0.25 g of both bactericide and fungicide in 

200 ml of water for 30 min, 2.25 mg L-1 of antibiotic 

rifampicin for 4 hr, 2% of Clorox® bleach for 15 min, 

1.5% of Clorox® bleach for 15 min, 1% of Clorox® 

bleach for 10 min, and 0.1% of HgCl2 for 10 min. The 

explants were then rinsed twice with sterile water and 

planted into media in order to induce the growth of 

explants. Platelets were routinely propagated on 

Murashige and Skoog media supplemented with BAP 

1 mg L-1 and incubated at 18-20°C with flourescence 

lighting at the intensity of 2000 lux for 16 hr.  

 

Indirect Organogenesis: Induction, Proliferation, 

Regeneration of Calli 

 

In vitro explant was obtained from in vitro established 

O. aristatus plantlets at Biotechnology Laboratory of 

Pelita Harapan University. Plantlets in healthy 

conditions were selected, and axillary buds were 

used as explants. The explants were cultured onto MS 

media supplemented with 0.5 mg L-1 of 2,4-D and 

kinetin at the concentration of 0.1, 0.3, 0.5, 0.7, and 1 

mg L-1. Explant grown on MS0 media without any 

addition of PGRs served as a study control. The 

observation parameters were calli characteristics, 

number of shoots, and fresh weight of calli at the 10th 

week. 

The induced calli were excised from explants, cut 

into several clumps with diameters around 0.5-1 cm, 

and each clump was grown on separate treatment 

media for calli proliferation, i.e., MS supplemented 

with 1 mg L-1  of kinetin and 2,4-D at the 

concentrations of 0.5 mg L-1, 1 mg L-1, 1.5 mg L-1, 2 mg 

L-1, or 2.5 mg L-1, or to treatment media for calli 

regeneration, i.e., BAP at the concentrations of 0.5 

mg L-1, 1 mg L-1, 1.5 mg L-1, 2 mg L-1, or without any 

PGRs as a control. The observation parameters for 

calli proliferation experiment were calli 

characteristics, number of shoots, and calli fresh 

weight in the 10th week. Meanwhile, the observation 

parameters for the calli regeneration experiment 

were the number of shoots, plant heights, and a 

number of leaves.  

Plantlets regenerated from embryogenic calli 

were subcultured to root induction media, i,e, MS 

supplemented with 0.5, 1, 1.5 mg L-1, or without any 

PGRs (MS0 as a control). The observation parameter 

was the fresh weight of root the 8th week.  
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Direct Organogenesis 

 

The optimization of the multiplication plants, explants 

were grown on MS media supplemented with BAP 0, 

0.5 mg L-1, 1 mg L-1, 1.5 mg L-1, 2 mg L-1, or 2.5 mg L-1. 

Treatment of NAA at concentrations of 0, 0.5, 1, 1.5 , 

2 mg L-1. Explants were also grown on MS0 media 

without any PGRs as control experiments. The 

observation parameters were the number of shoots, 

plant height, number of leaves, and fresh weight of 

roots in the 8th week.  

 

Data Analysis 

 

The experimental design of this study was a 

completely random design with 20 replications. The 

statistical analysis of the average number of shoots 

was done at the 8th week. The statistical analysis was 

performed using SPSS software. The mean value 

numbers were compared by ANOVA. ANOVA 

between multiple groups was performed using 

Duncan’s method. The statistically significant was 

considered with p-value ≤  0.05. 

 

 

3.0 RESULTS AND DISCUSSION 
 

Induction, Proliferation, and Regeneration of Calli 

 

In this research, calli could be induced from various 

parts of the plant, mainly from the leaves [24]. All 

treatment media were able to induce calli (Table 1). 

Characteristics of the induced calli were variable in 

color ranging from white, green to brown, globular, 

and compact (Figure 1a). 
 

According to Aziz et al. [2], characteristics of 

embryogenic calli are white or pale yellow, 

compact, or often nodular and translucent. The 

compact cell will undergo a synchronized cell 

division. Calli of O. aristatus induced in this research 

was a combination of embryogenic and non-

embryogenic calli, and the former will be followed 

with organogenesis to form a plantlet. No shoots 

were found on MS0 media, while the highest mean 

number of shoots (1.6 ± 0.87) and highest fresh weight 

of calli (5.53 ± 1.62 g) were observed on MS0 

supplemented with 0.5 mg L-1 of 2,4-D and the 1 mg 

L-1 of kinetin. The plant growth regulator 2,4-D may 

define as a synthetic auxin that has strong activity. 

 
Table 1 Number of shoots and fresh weight of calli on 

induction media at 10th week 

 

Media 

Number of 

shoots from 

calli 

Fresh 

weight of 

calli (g) 

Color of 

calli 

T0 = MS + 0 mg L-1 

2,4-D + 0 mg L-1 

kinetin 

0.00 ± 0.00a 1.29 ± 0.38a Brown 

T1 = MS + 0.5 mg L-

1 2,4-D  + 0.1 mg L-1 

kinetin 

0.22 ± 4.28a 
2.69 ± 

1.29ab 

Light 

green 

Media 

Number of 

shoots from 

calli 

Fresh 

weight of 

calli (g) 

Color of 

calli 

T2 = MS + 0.5 mg L-

1  2,4-D  + 0.3 mg L-1  

kinetin 

1.47 ± 0.85b 
4.32 ± 

1.49bc 

Greenish 

yellow 

T3 = MS + 0.5 mg L-

1  2,4-D  + 0.5 mg L-1  

kinetin 

1.44 ± 0.83b 5.16 ± 2.26c 
Yellowish 

green 

T4 = MS + 0.5 mg L-

1  2,4-D  + 0.7 mg L-1  

kinetin 

1.25 ± 0.55b 
4.06 ± 

1.58bc 
Brown 

T5 = MS + 0.5 mg L-

1  2,4-D + 1 mg L-1  

kinetin 

1.6 ± 0.87b 5.53 ± 1.62c 
Yellowish 

green 

Note. Each treatment consisted of 20 replications. Data were 

presented in the form of mean ± SD with the same letters indicate 

that there are no significant differences at p-value ≤ 0.05 according 

to Duncan analysis. 

 

 

 
 

Figure 1 Callus induction on MS media supplemented with 

2,4-D and kinetin at 10th week. Note: A = induction of 

embryogenic callus and buds from single book stem 

explants, B = embryogenic callus proliferation as a source of 

adventitious shoots, C = adventive shoot proliferation 

 

 

Statistically, the mean value numbers of shoots 

were obtained from treatment media supplemented 

with 0.5 mg L-1 2,4-D and 0.3, 0.5, 0.7, and 1 mg L-1 

Kinetin were significantly higher from MS0 and 

treatment media supplemented with 0.5 mg L-1 2,4-D 

and 1 mg L-1 kinetin. On the other hand, the fresh 

weights of induced calli on media supplemented 

with 0.5 mg L-1 2,4-D along with 0.5 and 1 mg L-1 

kinetin were significantly higher compared to MS0 

and treatment media supplemented with 0.5 mg L-1 

2,4-D and 0.1 mg L-1 kinetin. To stimulate cell division 

of somatic cells, the combination of 2,4-D and kinetin 

has a synergistic effect in the process of both 

differentiation and de-differentiation [44]. 

For calli induction, MS supplemented with 0.5 mg 

L-1 2,4-D and 0.3 mg L-1 kinetin was found to be the 

optimum media for calli induction since its mean 

value number of shoots and fresh weight of calli were 

among the highest and not significantly different 

from the other media with a higher concentration of 

kinetin. 
 

Plant growth regulator 2,4-D is a phenoxy 

synthetic auxin that plays an important role in 

promoting cell division [42], thus leading to callus 

induction and growth [7]. In accordance with the 

findings in this study, the other Lamiaceae plants, 

Coleus vettiveroids [22] and Ocimum basilicum [56], 



48                                  Sianipar & Mariska / Jurnal Teknologi (Sciences & Engineering) 82:3 (2020) 45–51 

 

 

also had their calli induced under treatment with 2,4-

D.
 

The attempt to proliferate the induced calli 

under the treatment with 2,4-D and kinetin was failed 

to yield more embryogenic calli. The calli did 

proliferate, as indicated by the increasing fresh 

weight (Table 2, Figure 1b), but the color was brown 

to black, indicating dead cells. Therefore, it was 

better to subculture the calli directly from induction 

media to regeneration media. 
 

 
Table 2 Fresh weight calli on proliferation media at 10th week 

 

Note. Each treatment consisted of 20 replications. Data were 

presented in the form of mean ± SD. with the same letters indicate 

that there are no significant differences at p-value ≤ 0.05 according 

to multiple range test Duncan’s analysis. 

 

 

In the present study, the highest percentage of 

calli regenerated was found on 1.5 mg L-1 BAP (10%), 

followed by 2.5 mg L-1 BAP (7.14%) (Figure 2). The 

highest number of shoots regenerated from a single 

clump of calli was achieved on MS media 

supplemented with 2 mg L-1 BAP (47 and 23 shoots), 

followed by 2.5 mg L-1 BAP (33 and 11 shoots). The 

regenerated shoots also had good viability, 

indicated by the production of many leaves, green in 

color, and not stunted (Figure 1c). 

 

 
Figure 2 The percentage of regenerated calli with different 

concentrations of BAP multiplication media 

 

 

The embryogenic calli from induction media 

have to be subcultured to regeneration medium free 

of 2,4-D in order to increase the number of shoots. 

2,4-D favors rapid cell division, while BAP could 

induce shoots direct or indirect organogenesis in 

Stevia rebaudiana [19] and Lippia alba [18]. Each 

embryogenic cell can be regenerated through 

somatic embryogenic which started from repeated 

cell divisions, globular, heart, and torpedo before 

finally becoming a plantlet [8].  

Some calli showed green chlorophyll 

pigmentation at the beginning, but then it turned to 

black, which indicated a failure in shoot initiation. For 

calli regeneration, MS supplemented with 2 mg L-1 or 

2.5 mg L-1 BAP was found to be the best since they 

could induce the regeneration of many shoots from 

a single clump of embryogenic calli. 
 

The low percentage of regenerated calli may be 

due to several reasons 1) not all the cultured calli 

were embryogenic, thus can not produce shoots in 

spite of the optimal regeneration-inducing PGRs; 2) 

non-embryogenic calli could result from the 

imbalance between auxin and cytokinin in the plant. 

Dodds & Roberts [9] found that the level of PGRs in 

the medium must be balanced with the hormones in 

the primary explants, in addition to the endogenous 

hormones which were synthesized by the newly 

formed calli. 
 

Therefore, the callus induction media have to be 

further optimized to yield more embryogenic calli 

that can regenerate into shoots; 3) the PGR used in 

the regeneration media is not optimal. The calli of 

some plants, such as L. citriodora [27], can not 

regenerate in media containing cytokinin only. The 

positive outcome of the combination of cytokinin 

and auxin for regeneration of the other plants has 

been observed by  Bhagya et al. [5], Erisen et al. [13], 

Perez-Jimenez et al. [35], and Wadl et al. [53]; 4) The 

low regeneration capacity might be due to the long 

maintenance of calli on induction media [31, 23]. 

However, shoots from regeneration media can 

not directly be acclimatized since they did not 

produce enough roots and growth to overcome 

environmental stress [40]. Therefore, the individual 

shoot was subcultured to root induction media. In this 

research, root induction was achieved on all 

treatment media containing NAA (Table 3). 

The fresh weight of roots on MS0 media was 

significantly higher than MS media supplemented 

with 0.5, 1, and 1.5 mg L-1 NAA. The superiority of MS0 

in inducing root formation seems deviated from some 

other studies which found the positive effects of NAA 

for root induction [40, 29, 39]. The NAA growth 

regulator is a synthetic auxin which has a strong 

activity power with a particular concentration that 

can inhibit root induction. The formation of buds, the 

natural biosynthesis of IAA transplanted in dried 

petals which have not applied NAA, shoots can form 

the roots. 

 

 

 

 

 

 

Media 

Fresh 

weight of 

calli (g) 

Color of 

calli 

T0 = MS + 0 mg L-1 2,4-D + 0 mg L-

1 kinetin 
1.26 ± 0.39a Black 

T1 = MS + 0.5 mg L-1 2,4-D + 1 mg 

L-1 kinetin 
2.09 ± 0.65a Brown 

T2 = MS + 1 mg L-1 2,4-D + 1 mg L-

1 kinetin 
3.99 ± 2.11b Yellow 

T3 = MS + 1.5 mg L-1 2,4-D + 1 mg 

L-1 kinetin 
4.10 ± 1.89b 

Yellowish 

green 

T4 = MS + 2 mg L-1 2,4-D + 1 mg L-

1 kinetin 

2.79 ± 

1.41ab 
Brown 
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Table 3 Roots induction at 8th week 

 

Media 
Fresh weight 

of roots (g) 

T0 = MS + 0 mg L-1 NAA 0.17 ± 0.09c 

T1 = MS + 0.5 mg L-1 NAA 0.01 ± 0.00a 

T2 = MS + 1 mg L-1 NAA 0.01 ± 0.00a 

T3 = MS + 1.5 mg L-1 NAA 0.09 ± 0.05b 
Note. Each treatment consisted of 20 replications. Data were 

presented in the form of mean ± SD with the same letters indicate 

that there are no significant differences at p-value ≤ 0.05 according 

to multiple range test Duncan’s analysis. 

 

 

However, this difference could be traced back 

to the different endogenous hormones each plant 

has. For example, Hydrastis canadensis also showed 

better root morphogenesis under treatment with a 

lower amount of cytokinin [4]. The roots induced on 

MS0 media in this study should be sufficient for further 

acclimatization. There are some ways to increase the 

number of roots, such as by using half-strength MS 

media [10], improving the number of shoot 

multiplication cycles, growing the explants in liquid 

media since it can provide a good aeration and 

support the development of root hairs, and added 

activated charcoal to the media [15]. 

 

Direct Organogenesis 

 

Besides indirect organogenesis through the formation 

of calli, multiplication of O. aristatus was also 

achieved by direct organogenesis method on MS 

media supplemented with five different 

concentrations of BAP (Table 4, Figure 3).  

 

 
 

Figure 3 Direct organogenesis on BAP multiplication media. 

Note: A = MS + 0 mg L-1 BAP, B = MS + 0.5 mg L-1 BAP, C = MS 

+ 1 mg L-1 BAP, D = MS + 1.5 mg L-1 BAP, E = MS + 2 mg L-1 

BAP, F = MS + 2.5 mg L-1 BAP 

 

 

The highest mean value was recorded in a 

number of shoots, i.e., 10.33 ± 5.8 shoots per explant, 

it was achieved on media supplemented with 2.5 mg 

L-1 of BAP, which is significantly higher than MSO, 0.5 

mg L-1 BAP, 1 mg L-1 BAP, and 1.5 mg L-1 BAP 

treatments. Treatment of  2 mg L-1 BAP produced the 

highest mean number of leaves, i.e., 58.36 ± 18.92 

leaves per explant, which was significantly higher 

than MS0 and not significantly different than the 

higher BAP concentration (2.5 mg L-1 BAP). The mean 

value of plant height on MS0 media was significantly 

higher than 0.5 mg L-1 BAP and 1 mg L-1 BAP and was 

not substantially different from the other BAP 

treatment media. Multiplication of O. aristatus under 

treatment with NAA was also performed (Table 5). As 

expected, auxin doesn't favor shoot multiplication 

through axillary bud formation but rather enhance 

the apical dominance. Therefore, the mean value 

numbers of shoots on this NAA media were lower 

than on BAP media (Table 4), while the mean value 

of plant height on NAA was higher than on BAP 

media.  

 
Table 4 Multiplication through direct organogenesis on BAP 

with standard MS medium at 8th week 

 

Media  
Number of 

shoots 

Number of 

leaves 

Plant’s 

height 

T0 = MS + 0 

mg L-1 BAP 
1.64 ± 0.74a 28.43 ± 9.35a 

7.34 ± 

2.20c 

T1 = MS + 

0.5 mg L-1 

BAP 

4.00 ± 1.07ab 42.60 ± 13.44ab 
4.43 ± 

1.81ab 

T2 = MS + 1 

mg L-1 BAP 
6.50 ± 1.93bc 49.20 ± 13.79b 

3.89 ± 

1.74a 

T3 = MS + 

1.5 mg L-1 

BAP 

6.14 ± 3.48bc 41.19 ± 19.94ab 
5.81 ± 

1.75bc 

T4 = MS + 2 

mg L-1 BAP 
9.00 ± 4.42cd 58.36 ± 18.92b 

6.27 ± 

1.32c 

T5 = MS + 

2.5 mg L-1 

BAP 

10.33 ± 5.83d 57.13 ± 24.35b 
6.03 ± 

1.88bc 

Note. Each treatment consisted of 20 replications. Data were 

presented in the form of mean ± SD with the same letters indicate 

that there are no significant differences at p-value ≤ 0.05 according 

to Duncan analysis. 

 
Table 5 Multiplication through direct organogenesis on NAA 

with standard MS medium at 8th week 

 

Media  

Number 

of 

shoots 

 Number 

of leaves 

Plant’s 

height 

T0 =  MS + 0 mg L-1 

NAA 

1.64 ± 

0.74a 

28.43 ± 

9.35c 

7.34 ± 

2.20ab 

T1 =  MS + 0.5 mg L-

1 NAA 

1.92 ± 

1.31a 

11.67 ± 

5.50ab 

5.25 ± 

1.60a 

T2 =  MS + 1 mg L-1 

NAA 

1.36 ± 

0.50a 

9.55 ± 

4.34a 

8.95 ± 

2.23b 

T3 =  MS + 1.5 mg L-

1 NAA 

1.73 ± 

0.65a 

17.27 ± 

6.92b 

9.41 ± 

3.69b 

T4 = MS + 2 mg L-1 

NAA 

1.31 ± 

0.60a 

11.38 ± 

4.98ab 

8.06 ± 

3.35ab 
Note.  Each treatment consisted of 20 replications. Data were 

presented in the form of mean ± SD with the same letters indicate 

that there are no significant differences at p-value ≤ 0.05 according 

to multiple range test Duncan’s analysis. 
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Thus, multiplication of O. aristatus through direct 

organogenesis, MS media supplemented with 2 mg L-

1 of BAP was found to be the optimum one since it 

gave the highest number of shoots, leaves, and plant 

heights without being significantly different from the 

higher concentration of BAP. BAP has long been 

selected for the multiplication of various plants 

because of its ability to stimulate shoot proliferation 

[24, 50, 14, 47]. BAP was also found to be superior to 

kinetin as a cytokinin for Gentiana kurro [43], 

Chlorophytum borivilianum [37], and Rotula aquatic 

[25], Typhonium flagelliforme Lodd. [48]. The 

concentration of BAP applied in this research 

appeared to be optimal since it did not cause 

stunting, as commonly observed in the other plants 

[15, 6].  

 

 

4.0 CONCLUSION 
 

The optimum medium for O. aristatus’s embryogenic 

calli induction was MS supplemented with 0.5 mg L-1 

2,4-D and 0.3 mg L-1 kinetin, while for calli 

regeneration was MS supplemented with 2 mg L-1 or 

2.5 mg L-1 BAP. The highest number of shoots 

regenerated from a single clump of calli was 47 

shoots at 2 mg L-1 BAP media. Maximum root 

induction was achieved on the MS0 medium. Shoots 

multiplication of O. aristatus through direct 

organogenesis method occurred at a high rate, i.e., 

forming 9.00 ± 4.42 shoots in 8 weeks after cultured on 

MS agar medium supplemented with 2 mg L-1 BAP as 

the optimum media. 
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