
 

J. Appl. Environ. Biol. Sci., 5(6)105-110, 2015 

© 2015, TextRoad Publication 

ISSN: 2090-4274 

Journal of Applied Environmental  

and Biological Sciences 
www.textroad.com 

 

§Corresponding author: Nurul Jadid, Laboratory of Plant Bioscience and Technology, Biology Department, Institut Teknologi 

Sepuluh Nopember, Indonesia. nuruljadid@bio.its.ac.id 

In Vitro Clonal Propagation of Vanilla planifolia Andrews  

Using Microshoot-derived Node Explants 
 

Nurul Jadid1§, Tutik Nurhidayati1, Priyono2 
1Laboratory of Plant Bioscience and Technology, Biology Department, Institut Teknologi Sepuluh Nopember, Indonesia 

2Indonesian Coffee and Cocoa Research Institute 
Received: February 11, 2015 

Accepted: April 27, 2015 

ABSTRACT 

 

An in vitro clonal propagation for Vanilla planifolia was developed using microshoot-derived node explants. The 

explants were placed on Murashige and Skoog (MS) modified medium supplemented with a combination of Indole-3-

acetic acid (IAA) and Kinetin (KIN) at concentrations of 0; 0,25; 0,5; 0,75; and 1 ppm. Shoot and root proliferation, as 

well as their elongation rates were analyzed statistically using Non Parametric test with Kruskal-Wallis. The inclusion of 

KIN alone (0,75 ppm) in MS modified medium resulted in highest shoot proliferation and elongation rate: 1.63 new 

shoots per explant with an average shoot length of 1.01 cm. Meanwhile, the best root proliferation and elongation were 

obtained in the MS modified medium containing 0.5 ppm IAA which produced 0.8 roots per explant with an average 

root length of 0.66 cm. 
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INTRODUCTION 

 

Vanilla planifolia Andrews (vanilla), which belongs to the orchid family (Orchidaceae) comprises more than 110 

species. This climbing orchid vine is also known as V. fragrans Salisb and is native to Central America. However, they 

are now commonly distributed and cultivated in tropical regions including India, Madagaskar and Indonesia. Together 

with other commercially cultivated Vanilla species (V. tahitensis and V. pompona), V. planifolia is considered as the 

natural source of economically important flavoring substance, vanillin (C3H8O3). It has been extracted and used in 

flavoring cakes, chocolate and some beverages. In addition, it serves also as the main component in cosmetics and 

perfume industry. It is also widely used in pharmaceuticals due to its antioxidant properties. Consequently, the market 

demand for natural vanillin is increasing significantly[1].  

Vanilla is a perennial climbing orchid with sessile leaves and succulent green stems, producing aerial roots 

(velamen roots) at the nodes[2]. Their seeds do not usually germinate. Thus, vanilla is propagated mainly by stem 

cuttings, which possess slow rate of multiplication. Moreover, cuttings of 60 – 120 cm long per stem could interrupt the 

growth of the mother plant. These problems offer many challenges to produce enough vanilla vines to satisfy an 

increasing market demand of natural vanillin. Therefore, simple and efficient techniques are obviously required for mass 

and rapid production of vanilla. The in vitro plant propagation is reported to be the suitable method in vanilla mass 

multiplication. Shoot tip and axillary buds have been frequently used in vanilla tissue culture making the cultivated 

plants are genotypically identical. However, the choice of medium as well as the type of plant growth regulators (PGRs) 

used might be crucial in in vitro plant propagation. Previous report showed that shoot elongation on vanilla tissue culture 

(placed on MS medium with 0,5 ppm of 6-Benzylaminopurin (BAP)) could be seen after 5-6 week of treatment[3]. 

Moreover, the addition of BAP and KIN on Vanilla tissue culture derived from nodes on MS modified medium (at 0-1 

ppm level of concentrations) has been reported to increase shoot multiplication[4]. On the other hand, a balance between 

auxin and cytokinin concentration is often required for the formation of adventitious shoot and root meristems[5].  Here, 

we investigated the effect of two types of PGRs, Indole Acetic Acid (IAA) and KIN on in vitro culture of vanilla using 

microshoot-derived node explants.   

 

MATERIALS AND METHODS 

Plant Material Preparation 

Vanilla plants were obtained from the Indonesian Coffee and Cocoa Research Institute (ICCRI) collection. 

Selected nodal explants harvested from greenhouse were used as primary explants. Nodes were excised and washed 

under running tap water for 30 minutes. Subsequently, the isolated explants were disinfected with a surfactant solution 

(1 gr/l detergent), with one-two drops of Tween 20R for 10-15 minutes and then washed under tap water for 45 minutes. 

Explants were then submerged in 1 gr/l Streptomycine for 0,5-1 hours followed by three-five times rinses using sterile 

distilled water. Subsequently, explants were submerged in 20 % cloroxR for 15-25 minutes. Finally, primary explants 

were rinsed four to five times with sterilized distilled water. 

 

Development of secondary explants 

Sterilized primary nodal explants obtained from the previous steps were then placed on modified Murashige and 

Skoog (MS) medium[6] for inducing new shoot formation for approximately 2 weeks. Nodes formed from the new shoots 

were then excised and placed on MS medium for stem elongation purposes and production of new microshoot-derived 

node explants. These explants were then used as secondary explants. Nodes from this secondary explants were excised 

and placed on MS 0 medium for 2 weeks then subcultured into 15 ml/flask modified MS medium supplemented with 

105 



Jadid et al.,2015 

 

different concentration of IAA (0, 0,25, 0,5, 0,75, 1 ppm) in combination with KIN (0; 0,25; 0,5; 0,75; 1 ppm). Two 

explants were placed horizontally in each flask culture. The experiments were performed for 1 month under 16/8 h 

photoperiod at a temperature of 25-27 0C.   

 

Statistical Analysis 

About 25 treatments were performed in this research, where each was carried out two times. The parameters used 

in this research were percentage of organogenesis responses, number of shoot, shoot length, number of root and root 

length. All data were analyzed descriptively using non-parametric test with Kruskal-Wallis. 

 

RESULTS AND DISCUSSION 

Organogenesis Responses 

Organogenesis responses are showed in all treated microshoot-derived node explants. Shoot formation was 

observed in all treated explants, while some explants only developed adventitious root in their early developmental 

stages. Moreover, development of shoots as well as adventitious roots in some cases is also observed (Table 1). The 

overall results showed that auxin (IAA) alone is capable of inducing root formation. However, treatment with 0,5 ppm 

IAA alone displayed highest percentage of explants forming adventitious roots (50%), compared with other results 

obtained with either 0,25; 0,75 or 1 ppm of IAA alone. In contrast, treatment of explants using 0,75 ppm IAA and 1 ppm 

KIN successfully induces the formation of adventitious shoots (highest percentage, 95%), compared with other 

treatments. However, explants treated with 0 ppm IAA and 0,75 ppm KIN displayed the best organogenesis responses. 

All explants formed new adventitious shoots and roots (86,6% formed adventitious shoot only and 17,4 % formed 

adventitious roots) (Table 1). This result showed that 0,75 ppm KIN could efficiently induce loss of apical dominance 

that might blocked the growth of axillary and adventitious shoot in Vanilla tissue culture. In addition, the explants might 

contain sufficient amount of endogenous auxin to react synergistically with KIN to induce the development of 

adventitious shoots. In the other hand, a bizarre morphology of adventitious shoot was observed in explants treated with 

zero concentration of both IAA and KIN. The adventitious shoot produced in this treatment tended to be swollen and 

lack of chlorophyll (Figure 5A). This might explain the importance role of cytokinin in promoting chlorophyll 

biosynthesis[7]. 

 

Table 1. Organogenesis responses on in vitro culture of vanilla (Vanilla planifolia) using  

microshoot-derived node explants
Treatments % explant formed 

root 

% explant formed 

shoot 

% explant formed 

shoot and root 

 I0K0 (0 ppm IAA + 0 ppm Kinetin) 0.0 88.8 6.3 

I0K1 (0 ppm IAA + 0.25 ppm Kinetin)    5.0 52.8 37.2* 

I0K2 (0 ppm IAA + 0.5 ppm Kinetin) 5.6 61.1 16.7 

I0K3 (0 ppm IAA + 0.75 ppm Kinetin 0.0 82.6 17.4 

I0K4  (0 ppm IAA + 1 ppm Kinetin) 0.0 66.3 5.0 

I1K0  (0.25 ppm IAA + 0 ppm Kinetin) 36.3 11.3 31.3 

I1K1 (0.25 ppm IAA + 0.25 ppm Kinetin) 15.0 25.0 10.0 

I1K2 (0.25 ppm IAA + 0.5 ppm Kinetin) 10.0 50.0 25.0 

I1K3 (0.25 ppm IAA + 0.75 ppm Kinetin) 12.5 47.2 16.7 

I1K4  (0.25 ppm IAA + 1 ppm Kinetin) 0.0 70.0 10.0 

I2K0  (0.5 ppm IAA + 0 ppm Kinetin) 50.0* 10.0 10.0 

I2K1  (0.5 ppm IAA + 0.25 ppm Kinetin) 30.0 11.3 30.0 

I2K2  (0.5 ppm IAA + 0.5 ppm Kinetin) 15.0 46.7 31.1 

I2K3  (0.5 ppm IAA + 0.75 ppm Kinetin)    0.0 60.0 27.8 

I2K4  (0.5 ppm IAA + 1 ppm Kinetin) 15.0 65.0 0.0 

I3K0  (0.75 ppm IAA + 0 ppm Kinetin) 25.0 10.0 15.0 

I3K1  (0.75 ppm IAA + 0.25 ppm Kinetin) 15.0 45.0 30.0 

I3K2  (0.75 ppm IAA + 0.5 ppm Kinetin) 0.0 48.3 36.1 

I3K3  (0.75 ppm IAA + 0.75 ppm Kinetin) 0.0 78.9 21.1 

I3K4  (0.75 ppm IAA + 1 ppm Kinetin) 0.0 95.0* 0.0 

I4K0  (1 ppm IAA + 0 ppm Kinetin) 40.0 15.0 15.0 

I4K1  (1 ppm IAA + 0.25 ppm Kinetin) 5.0 47.8 21.1 

I4K2  (1 ppm IAA + 0.5 ppm Kinetin) 15.0 50.0 10.0 

I4K3  (1 ppm IAA + 0.75 ppm Kinetin) 10.0 58.3 16.1 

I4K4  (1 ppm IAA + 1 ppm Kinetin) 0.0 48.8 30.0 

     *Highest percentage 
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Shoot Multiplication and Elongation 

The microshoot-derived nodes were initially cultured horizontally. Number of new adventitious shoots that were 

produced by explants placed on MS modified medium with KIN (0,25-0,75 ppm) increased significantly. All explants 

exhibited direct shoot organogenesis, which means that adventitious shoots are produced directly from the explants, not 

from an intermediary callus[8]. This is advantageous since we could accelerate the time needed to multiply the number of 

shoot formation. In addition, indirect shoot organogenesis is highly subjected to somaclonal variation[9].  Based on the 

results, a modified MS medium supplemented with 0 ppm IAA and 0,75 ppm KIN was the most suitable medium to be 

used on shoot multiplication in Vanilla tissue culture. The explants grown in this medium produced an average of 1,63 

shoot per explant (Figure 1).  Cytokinins are widely known as shoot-promoting agent in many in vitro cultured organs. 

Similar to our findings, many researchers have reported the use of cytokinins, including KIN for inducing shoot 

formation and multiplication[10,11,12]. However, the optimum concentration of cytokinins is species-dependent[13].  

Meanwhile, a high level concentration of KIN (1 ppm), either in combination with IAA or alone did not 

significantly induced shoot multiplication. This observation indicates that KIN possess an adverse effect when used at a 

higher-than-optimal concentration. Higher concentration of KIN beyond its optimum level was reported to induce 

necrosis and reduction in shoot formation[14].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Effect of IAA and KIN on shoot multiplication of in vitro culture of vanilla (Vanilla planifolia) using 

microshoot-derived node explants 

 

Good responses on shoot multiplication on explants that were treated on the MS modified medium, supplemented 

with 0 ppm IAA and 0,75 ppm Kinetin (I0K3) were followed by the best result in shoot elongation. The average length of 

shoots formed in this treatment was 1,01 cm (Figure 2).  It evidenced that cytokinin is very important to encourage the 

growth of axillary buds and adventitious shoot, reduce apical dominance and promote cell division. Cytokinin promotes 

cell division activity in embryos and mature plants by altering the size and activity of meristems[15,16,17]. Furthermore, 

cytokinin has been reported to regulate cell cycle at both G1/S phase and G2/M phase progressions[18]. Entry into S 

phase requires D-cyclins accumulation, which is clearly induced by cytokinin. Hence, D-cyclins accumulation increases 

activity of cyclin-dependent protein kinase (CDK) enzymes that release transcription factors for genes of DNA 

replication[19,20]. The regulation of G2/M phase progression by cytokinin is indicated by the synthesis of this plant 

hormone during mitotic initiation[21]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Effect of IAA and KIN on shoot elongation of in vitro culture of vanilla (Vanilla planifolia) using microshoot-

derived node explants 
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Root Proliferation and Elongation

IAA is generally considered as the main auxin in most plants and controls the formation of adventitious root[22,23]. 

Adventitious root is a postembryonic root arising from the stem and leaves or from nonpericylce tissues in old roots[24]. 

In the present study, a treatment with 0,5 ppm IAA and 0 ppm KIN showed the best response in promoting adventitious 

root formation and proliferation. The average number of root formed in 0,5 ppm IAA alone was 0,8 roots per explants 

(Figure. 3). In many cases, auxins have been reported to induce adventitious roots formation[22,25,26]. Similar to our 

finding, addition of 0,5 ppm of IAA on in vitro culture of Hypericum perforatum L. cv. “New Stem” has been also 

reported as accelerator of root formation and proliferation[27]. Explants placed in the auxin-free medium were also 

performed adventitious roots development. This is probably due to the presence of endogenous IAA ensuring the rooting 

response. Natural auxin is synthesized in the apical meristematic zones and moves to the to the lower part of the plants 

and hence stimulating root formation[28]. In accordance with this data, polar auxin transport (PAT) has been known as a 

key mechanism by which auxin regulates several aspects of plant growth, including root development. In addition, 

recent study has revealed that sterol biosynthetic intermediate (SBI) is also involved in the regulation of auxin in 

modulating plant growth and development[29]. These studies reveal a complex mechanism of auxin in regulating root 

development. 

We observed that explants treated with 0,5 ppm of IAA and 0,25 ppm KIN also exhibited positive response in 

adventitious root proliferation (Figure 3). This result explains that an optimal interaction between auxin and cytokinin 

might provide a favorable hormonal balance to the root production. Together with auxin, cytokinins play a significant 

role in cell division from G1/S to the G2/S stage[30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Effect of IAA and KIN on root proliferation of in vitro culture of vanilla (Vanilla planifolia) using 

microshoot-derived node explants 

 

Treatments with IAA alone have positively promoted root elongation in all explants formed adventitious root. The 

best result was observed in treatment with 0,5 ppm IAA (with average length 0,66 cm) (Figure 4). 0,5 ppm IAA has been 

reported to induce root elongation on micropropagation of Limonium thiniense in MS medium[31]. Nevertheless, explants 

cultured in MS modified medium supplemented with 0,5 ppm IAA and 0,25 ppm KIN also displayed a good response in 

root elongation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Effect of IAA and KIN on root elongation of in vitro culture of vanilla (Vanilla planifolia) using microshoot-

derived node explants 

 

Explants treated in MS modified medium with no addition of both IAA and KIN did not show a significant 

response in both root proliferation and elongation. These results explained that cell expansion located at the elongation 
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zone of extending root has been induced by auxin. Furthermore, various experiments showed that high auxin : cytokinin 

ratio promotes root formation, while a low auxin : cytokinin ratio results in shoot regeneration[32]. Auxins also interact 

with other plant hormone in controlling root growth. They function by modulating cellular responses to the gibberellin 

(GA). Besides its function in cell division and cell elongation, GA has been reported also to promote growth of root 

segments[33] by opposing the effect of nuclear DELLA protein growth repressors[34].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Responses of microshoot-derived explants from Vanilla planifolia Andrews treated in MS 

modified medium. Adventitious shoot produced on MS modified medium supplemented with 0 ppm IAA 

and KIN (A), Rooted explants grown on MS modified medium with 0,5 ppm IAA alone (B), Multiple 

adventitious shoot produced on MS modified medium supplemented 0,75 ppm KIN alone (C) 

 

CONCLUSIONS 

 

The inclusion of KIN alone (0, 75 ppm) in MS modified medium resulted in highest shoot proliferation and 

elongation rate: 1.63 new shoots per explant with an average shoot length of 1.01 cm. Meanwhile, the best root 

proliferation and elongation were obtained in the MS modified medium containing 0.5 ppm IAA, which produced 0.8 

roots per explant with an average root length of 0.66 cm. Future study should explore further optimization of IAA and 

KIN concentration for boosting the Vanilla planifolia Andrews in vitro regeneration. 
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