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Abstract 
 
An efficient in vitro propagation of kava (Piper methysticum) was established. Utilizing 15-d-old tender shoots from 
dormant auxiliary buds as explants, significant induction of vigorous aseptic cluster shoots was achieved in Murashige 
and Skoog (MS) medium containing 0.5 mg dm-3 6-benzyladenine (BA), 0.5 mg dm-3 indole-3-acetic acid (IAA), and 
antibiotics after 30 d. In vitro rooting was achieved at 100 % efficiency in MS medium containing 0.75 to 1.00 mg dm-3 
IAA or indole-3-butyric acid and 3 % sucrose. The most robust and long roots were observed in medium with IBA. 
Moreover, the embryonic callus was induced from petioles in MS medium supplemented with 1.0 mg dm-3 BA and  
0.1 mg dm-3 IAA, of which 70 % differentiated into shoots in the presence of 1.0 mg dm-3 BA and 0.5 mg dm-3 IAA. 
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⎯⎯⎯⎯ 
 
Piper methysticum Forst., from the family Piperaceae and 
commonly named kava, is an outstanding pharmaceutical 
shrub that grows throughout South Pacific islands (Singh 
and Blumenthal 1997).  
 The major difficulty that hinders successful in vitro 
propagation of Piper methysticum is the high occurrence 
of contamination on induced shoots due to bacterial and 
fungal infections, which result in great loss of shoots and 
thus a very slow propagation rate (Taylor and Taufa 1998, 
Briskin et al. 2001). Development of an effective tissue 
culture approach for in vitro propagation of P. methysticum 
thus has great potential for its mass production as herbal 
remedy, and for the studies of plant germplasm 
preservation, and genetic manipulations. Our studies have 
presented a novel procedure, which lead to successful  
in vitro propagation of P. methysticum.  
 Piper methysticum introduced from Cook Island is 
routinely grown in greenhouse. 1-year-old stem with 
dormant auxiliary buds were selected as starting materials. 
The stems were initially submerged in 70 % ethanol 
solution for several seconds, then surface disinfested with 
0.1 % HgCl for 10 min and afterwards washed several 
times with sterile water. The stems were cultured in half 
strength Murashige and Skoog (1962; MS) medium 
supplemented with 6-benzyladenine (BA), indole-3-acetic  
 

acid (IAA) and antibiotics at indicated concentrations.  
 The pH of MS or 1/2 strength MS medium was 
adjusted to 5.8 prior to sterilization at 120 °C for 20 min. 
Tissue cultures for shoot induction were maintained in 
growth chamber at 25 ± 2 °C in 12-h photoperiod with 
irradiance of 48 μmol m-2 s-1 provided by white fluorescent 
tubes. Cultures for callus induction were maintained in 
dark at 25 ± 2 °C. All medium, supplements, and other 
chemicals were purchased from Sigma (USA). 
 The tender shoots from 10- to 25-d-old were cut and 
cultured in MS medium containing 1.0 mg dm-3 BA and 
0.5 mg dm-3 IAA for initial induction of cluster of aseptic 
shoots. Subsequent experiments, e.g. optimization of BA 
and IAA concentrations, were conducted upon harvest of 
substantial amount of aseptic shoots.  
 The sterile petioles were sampled and cultured in MS 
medium for studies of callus induction and shoot 
differentiation.  
 Rooting was induced by incubation of about 10 mm 
long shoots for 30 d in 1/2 strength MS medium 
supplemented with various concentrations of IAA or 
indole-3-butyric acid (IBA), and sucrose as indicated. 
Regenerated plantlets were then transferred into pots 
containing Vermiculite and sand for full plant 
establishment.  
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 Piper is an economically and ecologically important 
genus in the Piperaceae family, which includes more than 
1 000 species of shrubs, herbs, and lianas. However, few 
of them (e.g. Piper nigrum) has been successfully 
propagated in vitro (Ramakrishnan Nair and Dutta Gupta 
2006). P. methysticum, the very important pharmaceutical 
shrub plant of this family, naturally grows in highly humid 
conditions and it is seriously infected by various diseases. 
This results in severe endogenous contamination that 
establishment of aseptic cultures is very difficult, and 
considered as a bottleneck in vitro propagation of  
P. methysticum (Bhat et al. 1995). Despite the multiple 
efforts invested in this field of studies (Taylor and Taufa 
1998, Briskin et al. 2001), propagation of aseptic  
P. methysticum plants was never successful.  
 Following multiple rounds of sterilization and with 
inclusion of the antibiotics in the culture medium, tender 
shoots derived from dormant auxiliary buds were obtained 
in medium containing 0.5 mg dm-3 BA and 0.5 mg dm-3 
IAA. Despite that almost all induced shoots got re-infected 
upon incubation longer than 30 d, however, majority of the 
shoots 15-, 20-, or 25-d-old were partially prevented from 
being infected. Contamination/infection-free cluster 
shoots were successfully induced from 15-d-old shoot 

apex with average length 0.5 ~ 1 mm. The relevance of the 
age of dormant auxiliary buds-derived shoots to the 
artificial re-infection was then investigated. It has 
demonstrated that re-infection rate was markedly reduced 
to 64 % by use of 15-d-old tender shoots as explants. In 
contrast, the re-infection occurrence in 20- and 25-d-old 
shoots reached over 95 and 100 %, respectively. In the 
group of 10-d-old shoots, re-infection could be cut to 56 %. 
However, only less than 3 % of the shoots in this group 
showed induction of cluster aseptic shoots, while the death 
rate of this group was also significant (more than 41 %).  
 The studies on the inducing effects of different culture 
supplements have demonstrated that the combination of 
0.5 mg dm-3 BA and 0.5 mg dm-3 IAA significantly 
stimulated the rapid regeneration of well-developed shoots, 
with an average yield of 6 ~ 8 shoots from a single shoot in 
30 d (Fig. 1A). The combination of 1.5 mg dm-3 BA and 
0.05 mg dm-3 IAA led to rapid production of callus from 
petioles. However, the callus induced was loose, fragile, 
and incapable of differentiation into shoots. On the other 
hand, medium with 1.0 mg dm-3 BA and 0.1 mg dm-3 IAA 
resulted in the induction of callus with light yellow green 
color (Fig. 1B). They are compact and 70 % of them 
differentiated into well-developed shoots. In a 30-d  

 

 
Fig. 1. Cluster shoots induced from individual shoot on MS medium supplemented with 0.5 mg dm-3 BA and 0.5 mg dm-3 IAA (A), 
callus derived from petioles (B), shoots differentiated from callus (C), full plants propagated by in vitro tissue culture (D). 
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Table 1. Effect of different BA and IAA combinations on cluster 
shoot induction (shoot number per explant) in MS medium. Data 
recorded after 30 d of culture from 3 experiments with  
15 replicates each; mean ± SE, n = 45. 
 

IAA  BA [mg dm-3]    
[mg dm-3] 0.1 0.5 1.0 1.5 

0.1 - callus callus callus 
0.5 - 7.6 ± 0.4 5.5 ± 0.3 2.3 ± 0.4 
1.0 - 3.4 ± 0.3 5.8 ± 0.4 4.2 ± 0.2 
1.5 - 2.8 ± 0.4 2.3 ± 0.3 2.7 ± 0.4 

 
period, a piece of well-developed callus generally 
produced 4 ~ 5 shoots in medium with 1.0 mg dm-3 BA and 
0.5 mg dm-3 IAA (Fig. 1C). In contrast, 2.0 mg dm-3 BA in 
combination with various concentrations of IAA only 

induced much more fragile callus. Half or full strength MS 
medium with different concentrations of IAA or IBA  
(0.05 ~ 1.2 mg dm-3) and sucrose (2, 3, 4, and 5 %) were 
further compared with hormone-free medium on their 
rooting stimulation. The results have illustrated that 
rooting did not occur in the hormone-free medium. Half 
and full strength MS medium supplemented with  
0.75 ~ 1.0 mg dm-3 IAA and 3 % sucrose had the best 
effect in stimulation of all the shoots for root development 
(Fig. D). No significant difference was showed between 
1/2 and full strength MS medium, but 3 % sucrose 
displayed enhanced stimulatory effect on root production 
while IBA induced much more and longer roots than IAA. 
 Taken together, this protocol will be of great use in 
mass multiplication of P. methysticum from limited donor 
plants in limited time, with perspective of its commercial 
production due to its pharmaceutical significance.  
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