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ABSTRACT 
Chlorophytum borivilianum Sant. et Fernand an endangered herb is valued for several medicinal 
properties in its tuberous roots. An efficient and reproducible method for micropagation from explant 
has been developed. Young shoot buds were used as explants for rapid multiplication of Safed musli 
(Chlorophytum borivilianum). The explants were cultured into medium containing basal salts of 
Murashige and Skoog (MS) and various concentrations of 6-benzylaminopurine (BAP) and kinetin 
(KN) for shoot induction. Treatment containing 2.5 mg/l BAP produced the highest mean number of 
shoots per explants (14.52) and 2.5 mg/l KN highest mean length of shoots (4.52 cm) after 28 days of 
culture. Regenerated shoots were successfully rooted on MS medium supplemented with 1.5 mg/l 
indole-3-butyric acid (IBA) and 30 g/l sucrose. For ex vitro establishment, well-rooted plantlets were 
transferred in potting medium containing soil : sand (1:1) with VAM. 
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INTRODUCTION 

Chlorophytum borivilianum Sant. et Fernand 
commonly known as Safed musli is a traditional 
rare Indian medicinal herb having many 
therapeutic applications in Ayurvedic, Unani, 
Homeopathic and Allopathic medicine system. It 
is an herbaceous plant with fasciculated tuberous 
root found naturally in forests and its shoots can 
be seen during the rainy seasons1. Research 
studies on Chlorophytum conducted in India and 
elsewhere indicate that saponins are responsible 
for medicinal properties2. Safed musli is among 
the few medicinal plants witnessing steady 
growth in pharmaceutical, phyto-pharmaceutical 
and nutraceutical products3-5. Due to the many 
therapeutic applications and several bioactive 
compounds, C. borivilianum is also called the 
white gold for biopharmaceuticals and 
neutraceuticals5. 
Tuberous roots of Chlorophytum borivilianum 
(commonly known as safed musli) (family 
Liliaceae) possess immunomodulatory and 
adaptogenic properties and are used to cure 

impotency, sterility and enhance male potency. 
The main active principles of roots, saponins are 
stimulants and metabolic enhancers and have 
been shown to possess anti-tumour activity6. The 
extract of dried root tubers of C. borivilianum 
acts as psychostimulant and has a beneficial 
effect on the brain and human body by increasing 
alertness, mental ability, intelligence and sexual 
characters. Due to its therapeutic activity and 
diversified uses, demand for C. borivilianum is 
increasing in Indian and the international market. 
C. borivilianum seeds have poor germination 
percentage (11–24%), low viability and long 
dormancy period. Safed musli is propagated 
vegetative by fleshy tuberous roots bearing shoot 
buds. Due to large-scale and indiscriminate 
collection of its roots for gainful trade and 
insufficient attempts either to allow its 
replenishment or its cultivation, C. borivilianum 
has been enlisted in the list of National Medicinal 
Plant Board as one of the prioritized plant 
species. There is need for commercial cultivation 
of this species. So to fill the gap of demand and 
supply and to provide genetically uniform 
planting material from a known source, tissue *Author for correspondence 
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culture is one of the most desirable option. 
Considering that Safed musli is an endangered 
species and the availability of planting material is 
scarce, the use of tissue culture technique 
provides a rapid method to mass produce the 
plant. 
Micropropagation technology is advantageous 
due to production of high-quality disease-free, 
genetically similar plants7 independent of 
seasonal and other environmental conditions in a 
comparatively smaller space8, but higher cost of 
plant production has always limited the use and 
exploitation of this technique at industrial level9. 
To overcome this limitation, cost-reduction 
strategies have been employed10 C. borivilianum 
has been previously propagated using tissue 
culture technique. However, the establishment of 
cultures free from contamination was difficult 
because the explants were taken from 
underground parts like shoot bases.  

AIMS AND OBJECTIVES  
The present reports investigated establishing a 
protocol for micropropagation of C. borivilianum 
from young shoot bud explants followed by 
successful bio-hardening with VAM. 

MATERIAL AND METHODS 
Establishment of aseptic cultures 
The collected explants were washed under tap 
water for 30 minutes followed by washing with 
distilled water for 2-3 times. Then, the explants 
were washed by soaking in a non-toxic wetting 
agent, labolene (Qualigens) 5% for 5 minutes 
and then rinsed with distilled water for 2-3 times 
to remove microbial load and dust particles 
adhering to the surface of the explants. Then 
explants were soon after immersed in 70% 
ethanol for 5 min. After that rinsing with only 
sterile double distilled water was followed for at 
least 2-3 times. Shoot buds were inoculated in 
MS medium supplemented with 30g/l (w/v) 
sucrose. 
Culture media and conditions 
MS medium (Murashige and Skoog, 1962) 
supplemented with 30 g/l (w/v) sucrose was used 
for the experiments. The pH of the medium was 
adjusted to 5.8 by 1 N NaOH. The culture vials 
containing media were autoclaved at 121°C at 
106 kPa for 20 min. All cultures were maintained 
at 25 ± 2°C under 16 h photoperiod with 

fluorescence lighting. The light intensity was 
2500 lux. 
Shoot induction and multiplication 
For multiple shoot induction, young shoot bud 
explants were placed on MS medium supplem-
ented with various cytokinins (BAP and KN) at 
different concentration levels (0, 0.5, 1.0, 1.5, 2.0  
and 2.5 mg/l). Each treatment was replicated 5 
times. Each replication contained 3 sub samples. 
Cultures were subcultured onto the same fresh 
medium at every 2 weeks interval. During subcu-
lture, shoots were trimmed at the top leaving 
only 1 cm from the base. Such shoots were subc-
ultured onto fresh medium as the initial explants. 
The mean number of shoots and mean length of 
shoots were recorded after 4 weeks of culture. 
Rooting 
Regenerated shoots were transferred to MS 
medium containing various auxins (IBA and 
IAA). Each treatment was replicated 5 times. 
Each replication contained 3 sub samples. The 
number of roots and root length were recorded 
after 4 weeks of culture. 
Ex vitro root growth and acclimatization 
For ex vitro, six weeks old rooted plantlets about 
± 4.0 cm long were washed thoroughly with 
double-distilled water to remove trace of medium 
and dipped in 3% fungicide solution. The rooted 
plantlets were then transferred into  pots which 
contained sterilized media composition of : (1) 
soil (2) soil : sand (1:1) with VAM. Each treat-
ment was replicated 12 times. Potted plantlets 
were covered with transparent polythene plastic 
bags to ensure high humidity and watered with 
tap water twice a day. These pots were initially 
maintained in misting chambers  and were finally 
transferred to external environment after 3 
weeks. Data were recorded on the percentage 
survival of explants after 15, 30 and 45 days of 
ex vitro transplantations. 

RESULTS AND DISCUSSION 
Shoot bud explants of C. borivilianum 
transferred to MS medium supplemented BAP 
and kinetin are summarized in Table 1.  
All the concentration of BAP and kinetin 
facilitated shoot bud differentiation. There was 
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significant different between BAP and kinetin for 
a mean numbers of shoots produced. 2.5mg/l 
BAP gave maximum shoot proliferation and 
shoot bud initiation (14.52 shoots) as compared 

to different concentration of BAP. After sub-
culturing with BAP produced highest significant 
value of shoot numbers per explants (14.52) with 
no callusing in the cultures11.  

Table 1 : Effect of cytokinins on multiple shoot proliferation from shoot bud explants of         
C.borivilianum after 4 weeks of inoculation 

BAP (mg/l) KN(mg/l) Mean number of shoots Mean length of shoots 
0.0  1.00±0.00 1.89±0.045 
0.5  6.98±0.554 2.34±0.069 
1.0  8.59±0.641 2.71±0.051 
1.5  9.98±0.546 3.25±0.043 
2.0  13.34±0.577 3.71±0.071 
2.5  14.52±0.623 4.32±0.078 

 0.5 3.05±0.234 2.53±0.025 
 1.0 4.32±0.781 2.73±0.042 
 1.5 4.92±0.212 3.17±0.048 
 2.0 7.18±0.540 3.75±0.047 
 2.5 9.25±0.572 4.52±0.052 

Values represent means ± SE. 

Thus, there was no chance of genetic variability. 
KN showed less increment in shoot number. The 
observations revealed that different concentration 
of cytokinins influenced the shoot length of the 
in vitro growth of  C. borivilianum12. It was 
further observed that KN at 2.5 mg/l gave the 
maximum shoot length (4.52 cm) and BAP at 2.5 
mg/l gave the optimum (4.32 cm) shoot length. 
Similar results were well documented in Aloe 
vera13 According to the literature, BAP is better 
than other cytokinins for shoot initiation and 
proliferation. Efficient shoot initiation in Aloe 

vera was observed in media supplemented with 
BAP14. Nevertheless, there was no significant 
difference between BAP and KN on mean length 
of shoots while high concentration of KN 
produced callusing at the base. It was concluded 
that MS medium with 2.5 mg/l BAP was the best 
for shoot proliferation. 
Regenerated shoots were transferred to MS 
medium containing various auxins. Auxins 
showed a significant effect on supplementation 
in MS medium on the root initiation, 
proliferation and growth (Table 2).  

Table 2 : Effect of different auxins (IBA & IAA) on root induction of regenerated shoots of 
C. borivilianum after 4 weeks of culture 

IBA  (mg/l) IAA (mg/l) Mean number of roots Mean length of roots 
0.0  1.28±0.45 1.54±0.065 
0.5  2.78±0.52 2.92±0.073 
1.0  2.98±0.54 2.98±0.058 
1.5  3.53±0.59 3.57±0.069 
2.0  3.63±0.57 3.72±0.041 
2.5  3.05±0.42 3.22±0.078 

 0.5 2.86±0.59 2.85±0.062 
 1.0 3.01±0.52 2.95±0.052 
 1.5 3.79±0.62 3.67±0.049 
 2.0 3.52±0.57 3.52±0.052 
 2.5 3.21±0.54 3.41±0.043 

Values represent means ± SE 
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It was observed that 100% rooting was obtain-
ned with all auxins treatments at all concent-
rations. For MS medium supplemented with IBA 
at 2 mg/l, number of roots/explants was less 
(3.63) compared to IAA at 1.5 mg/l (3.79). IAA 
at 1.5 mg/l was found to be the best rooting hor-
mone. IAA and IBA are most commonly used 
for root induction15,16. The maximum length (3. 
72 cm) of roots was obtained in 2.0 mg/l IBA.  
Hardening of tissue culture plant is the most 
crucial step in micropropagation. The plants 
produced   are  very soft to face ambient envir- 

onmental conditions during acclimatization15. 
The rooted plantlets were carefully taken from 
culture flask and transferred to pots containing 
sterilized soil, sand and VAM. Sterilized soil 
minimized the cost of transplantation as doc-
umented by several authors17-20.  
It was found that mycorrhizal inoculation 
positively affected survival of acclimatized of 
C. borivilianum plantlets developed in vitro.21-

23 A high percent 82% (Table 3) survival of 
acclimatized plants was achieved with VAM 
fungi.24,25  

Table 3 : Efficiency of VAM fungi (Glomus fasciculatum) on in vivo acclimatization of           
C. borivilianum plantlets developed in vitro 

VAM fungi used 
% Survival after 

15 days 30 days 45 days 

Control 72 41 12 

Glomus fasciculatum 95 89 82 

It is concluded from the finding that VAM 
fungi can be used as an efficient biofertilizer  
as   it greatly enhances the growth and survival  

status of micropropagated plantlets and help 
them to acclimatize in ex vitro conditions more 
readily (Fig. 1).26 

 
(A) 

 
(B) 

 
(C) 

 
(D) 

 
(E) 

 
(F) 

Fig. 1 : In vitro regeneration and plant establishment of C. borivilianum (A-B) Shoot induction in 
sprouted  shoot tips of tubers of C. borivilianum (C) Rapid proliferation and elongation of C. 

borivilianum (D) Rooted plantlets of C. borivilianum (E-F) Hardening of in vitro raised 
C.borivilianum  (after 15 days) and after 3 months 
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CONCLUSION 
The present investigation, an attempt was 
made that  young shoot bud explants are 
potential for  
rapid clonal propagation of Safed musli (C. 
borivilianum). BAP at the concentration of 2.5 
mg/l was more effective on enhancing shoot 
proliferation and elongation. Regenerated plants 
survived and successfully grew normally in 
natural environment. This in vitro protocol would 
provide an effective strategy for the conservation 
populations of this widely exploited plant 
species. 
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