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Tissue Culture and Rapid Propagation of Musella lasiocarpa,
a Rare Chinese Medicinal and Ornamental Herb

ZENG Song-jun, WU Kun-lin, CHEN Zhi-lin, DUAN Jun®
(South China Botanical Garden, the Chinese Academy of Sciences, Guangzhou 510650, China)

Abstract: An efficient and rapid micropropagation system by using auxiliary buds as explants has been
established for Musella lasiocarpa. Murashige and Skoog (MS) medium supplemented with 4.0 mg L 6-benzyl-
aminopurine, 0.2 mgL" 1-napthaleneacetic acid, 150 mg L vitamin C, 10% coconut milk and 3% sucrose was
suitable for shoot induction and proliferation from divided buds. Each explant produced an average of 4.10 shoots
after 60-day culture. After the sixth subculture, the shoot proliferation rate of plantlets was 4.23-fold. The
half-strength MS medium supplemented with 1.0 mg L indole-3-butyric acid and 150 mg L activated charcoal
was suitable for rooting. When micropropagated plantlets with well-developed root systems were transferred to
planting bed containing a mixture of sand, sieved peat and perlite (1:1:1; v/v) in a greenhouse, 93.5% of the
plantlets survived. About 10 000 plantlets were produced successfully for field transfer after 12 months of culture
initiation. This production system is useful for ex situ conservation and large-scale multiplication of M. lasiocarpa.
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Musella lasiocarpa (Franch.) C. Y. Wuex H. W,
Li is native primarily to Southwestern China and has
been used for several centuries as “Ngay-tsiao” (rock
banana) ', “Di-Yun-Jin-Lian” (Golden lotus rising
from the ground)®l. M. lasiocarpa is a large, perennial
herb with rhizome, mainly used as medicine, food, and
fodder ¥, In medicinal use, the fresh flowers and
bracts are mashed into plaster and applied externally
to stop bleeding and to counteract inflammation of
body skin. An infusion of young inflorescences is
boiled and

constipation, and female diseases. The sap is also

taken internally to treat enteritis,
taken internally to detoxify monkshood poisoning and

to alleviate drunkenness. In addition, the inner
pseudostem is edible and can be made into different
types of food after removal of the leaf sheaths and the
leaves, while pseudostem and rhizome are used as
fodder for pigs and their tough fibers are used to make
ropes, belts and chairs. M. lasiocarpa blooms in all
year and is valued as an ornamental garden plant

because of its long-lasting, bright yellow inflore-

scences!’.
In nature, M. lasiocarpa can be propagated
by seeds, auxiliary buds or rhizomes; however,

the germination of seeds needs 1-2 years and the
vegetative propagations of auxiliary buds and
rhizomes are so slow for large-scale production. Thus,
conventional propagation through seeds, auxiliary
buds or rhizomes can’t sufficiently meet the practical
demand. On the other hand, the application of tissue
might

propagation of uniform plants. Therefore, in vitro

techniques allow rapid and large-scale
micropropagation of this plant will have great

importance for germplasm conservation and
commercial production. To authors’ best knowledge,
there is only a brief communication report of
regeneration of M. lasiocarpa through tissue culture®.
In this paper, we established a system for high-
frequency in vitro multiplication of M. lasiocarpa by
auxillary buds for the first time. The role of salt
activated

concentration, plant growth regulators,

charcoal, coconut milk and vitamin C on propagation

or rooting were evaluated in the study.

1 Materials and methods

1.1 Plant materials and explant decontamination
M. lasiocarpa plants collected from the natural
habitat (Yunnan), were maintained at the South China
Botanical Garden, the Chinese Academy of Sciences.
Shoot explants were obtained from the auxiliary buds
of vigorous plants bearing inflorescences grown in
greenhouse or in the field (Plate I A). The auxiliary
buds with leaf bases removed were washed in running
tap water for 15 min, then immersed in 70% ethanol
for 30 s followed in 0.1% (w/v) HgCl, solution with
continual agitation for 10 min, and finally rinsed 4
times with sterile distilled water. The tissues of each
bud were further trimmed to about 1 cm?®, sterilized
with 1% sodium hypochlorite (NaOCl) solution for
5 min and then rinsed 5 times with sterile distilled
water. Inoculated explant was undivided (Plate I: B) or

longitudinally divided into2 pieces (Plate I: C).

1.2 In vitro plantlet production

The sterilized explants were cultured on
Murashige and Skoog basal mediumP, supplemented
with various concentrations (2%, 3% and 4%) (w/v) of
sucrose, and solidified with 7 mg L' agar. A single
bud including the bud longitudinally divided into
2 pieces was vertically placed in a 200 ml culture
container. The medium was dispensed into a culture
container with 30 ml medium supplemented with
6-BA (0, 1.0, 2.0, 4.0 and 6.0 mg L") in combination
with NAA (0, 0.2 and 0.5 mg L") (Table 2). The
culture container was closed with a plastic cap.

At the initial stage, the explant was cultured
individually for 60 days. In order to reduce browning,
150 mg L activated charcoal or 150 mg L vitamin C
was added into the medium, or the explant was
transplanted onto the same fresh medium every 10
days (Table 1). Thereafter, the auxiliary buds from the
culture were periodically subcultured every 40 days in
the same fresh medium to obtain high multiplication

rate. A cluster of 3 shoots was used as a unit of
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propagation; five clusters of shoots were cultured in old green coconuts. The milk was filtered through one

every culture container. The production rate (fold) of
plantlets was calculated by dividing number of
plantlets after 60~d culture from the sixth subculture.

1.3 Rooting

After the sixth subculture, the auxiliary buds were
divided into single shoot inoculated on full or half-
strength macroelement MS medium supplemented
with different concentrations of IBA (0, 0.5, 1.0 and
2.0 mg L") or NAA (0, 0.5, 1.0 and 2.0 mg L"). Five

shoots were cultured together in a culture container.

1.4 Transfer of in vitro propagated plantlets to

soil

Micropropagated plantlets with well-developed
root systems were transferred to regular laboratory
conditions for acclimatization with the container open
for 3 days before the plantlets were transferred to
planting bed. Then, the plantlets were taken out, and
washed with running tap water to move the medium
from the roots. The plantlets were transplanted to
planting beds containing a mixture of sand, sieved
peat and perlite (1:1:1; v/v) in the greenhouse with
double layers of high-density polythene black agronet.
The planting beds were covered with polythene
pellicle to maintain a high relative humidity of 70% -
80% under periodic mist for the first weeks. Polythene
covers were removed gradually within 2 weeks. Two
weeks later, the plantlets were fertilized with 0.1%
hyponex 20-20-20 once in a week to enhance growth
and development. The surviving rate was recorded in
4 weeks after transplant. The surviving plantlets were
transplanted into plastic pots after 2 months to be

acclimatized to the outside environment.

1.5 Culture conditions and statistical analysis

The MS medium supplemented with different
concentrations of sucrose, 6-BA, NAA and IBA was
used for in witro cultures, prior to the addition of
150 mg L' vitamin C, 150 mg L' activated charcoal,
and 10% coconut milk. The coconut milk used in

these experiments was obtained from 6- to 7-month-

sheet of filter paper. The medium were adjusted to pH
5.8 with 1 mol/LL NaOH and 1 mol/L HCI before
autoclave at 121°C for 20 min at 1.06 kg cm? The
cultures were incubated at 25+2°C with a 16-h
photoperiod under a fluorescent light of approximate
45 pmol m7s™,

Each experiment was repeated three times and
ten replications per treatment. All experiments were
carried out in a completely randomized design. Data
were subjected to ANOVA, and the level of least
significance difference (LSD) was determined using
Duncan’s multiple range test at P <0.05 for

comparing means in the treatments!?,

2 Results

2.1 Shoot initiation and multiplication

All explants of in witro culture produced
exudation of phenolics from the cut ends and browned
severely surrounding medium during the first weeks.
However, 90% of explants from greenhouse and
83.3% of those from field survived (no bacterial and
fungal contaminations or death) in shoot induction.
Survived explants could product auxiliary buds within
30 days of culture.

On MS medium supplemented with 4.0 mg L
6-BA and 0.2 mg L' NAA, few cluster shoots could be
induced from the explants within 60 days because of
severe browning. The above medium in combination
with 150 mg L' activated charcoal (Plate I. D) or
150 mg L' vitamin C, or transplanting explants every
10 days onto the same fresh medium could reduce
browning and increase the number of cluster shoots
(Table 1). The incubation of M.
explants on these medium for 60 days resulted in
1.20-2.43 shoots for undivided explants, and 1.53-

3.23 shoots for divided explants per explant. The

lasiocarpa bud

number of auxiliary shoots from undivided explants or
divided explants was significantly different at 5% level
according to Duncan’s Multiple Range Test in the
(Table 1). On MS
medium supplemented with 4.0 mg L' 6-BA,

same medium or culture ways
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0.5 mg L NAA, and 150 mg L' vitamin C, there was
the highest shoot proliferation rate (3.23 shoots per
explant) with divided explants. While supplemented
with 150 mg L activated charcoal, the auxiliary buds

induced with adventitious roots could be observed.
Addition of 3% of sucrose was more effective for
sprouting of auxiliary buds than 2% or 4% of sucrose

in shoot initiation (data not shown).

Table 1 Effects of medium and different culture ways on auxiliary shoot initiation and the length

of M. lasiocarpa on MS medium containing 4.0 mg L™ 6-BA, 0.2 mg L NAA and 3% sucrose

Undivided bud explants Divided bud explants
Treatment Number of shoot ~ Shoot length Number of  Shoot length

inducted (cm) shoot inducted (cm)
Transplanted every 30 days (Control) 12040615  2.8840.29° 1.53+0.57°  2.61+0.24
Transplanted every 10 days 2.27+0.58* 4.63+0.37° 31740537 4.13+037"
MS + 150 mg L"! vitamin C 2.43+0.57 4.36+0.23 3.23+0.63" 4.23+0.62°
MS + 150 mg L' AC 1.50+0.5° 4.03+0.28° 2174059 3.564+0.25""

Values followed by different letters within a column are significantly different at 5% level by Duncan’s

Multiple Range Test. Thirty replicates were used in each treatment. Values marked with * are significantly different

at 5% level between undivided and divided bud explants. Data were recorded after 60-day culture on initiation

medium.

During the shoot initiation culture and
subculture, the effect of combination with 6-BA, NAA
and coconut milk on shoot induction and auxiliary
shoot multiplication is shown in Table 2. The
concentrations of growth regulators in the medium

influenced markedly on shoot regeneration. When no

plant growth regulator was used, there were few
regenerated shoots. However, application of 6-BA
40 mgL', NAA 0.2 mg L plus 10% coconut milk
was the most effective for shoot induction and
auxiliary bud multiplication. The shoot proliferation
rate was 4.10 in shoot induction and 4.23 in auxiliary

Table 2 Effects of various medium on auxiliary shoot initiation and the length of M. lasiocarpa

0% Coconut milk 10% Coconut milk
6-BA  NAA Initiation Subculture Initiation Subculture

(mg L'l) Number Length (cm) Number Length (cm) Number Length (cm) Number Length (cm)
0 0 063+049" 187120468 043£050° 2.524030° 1.80+0.55" 248+031" 1.13+043"  3.414+0.48"
L0 0 127£052° 2664036" 1.50+0577 3544046 253+£086F 3.04+0365° 19310525 3834038
20 0 233%061° 3.044030° 1.834059" 330+031° 32740747 3224043% 26340617 3.64+£032%"
4.0 0 2804055 3574023 263%056° 3.10£030° 3.43+0.68%" 393+040°" 3204048% 3.44+0.35%
6.0 0 263+067 268+£059" 23310.66° 2834033  280+061° 35140417  243+050°  3.03+0.328"
L0 02 14740.63° 44312059 170+060° 3.6310.38° 2432068 506048  1.90£0.55%  4.091041%
20 02 27740.63° 3624028 207+£0.64% 329%032° 3232063 4031036 2.80+0.61% 3.85+032%
40 02 3234063 423F£062° 3.6320.67° 344+029 4102071 4534054 4234057 3.66+0.39

6.0 02 3074064 3532046° 323+077° 3.054+031° 3.53£0.63% 40240315  3.07+058° 3224039
L0 05  143+057° 420%033° 160+062" 3474028 23040707 3.89+0.23" 1974049  3.62+044%
20 05 253+0.68° 382+038° 203+0.72% 3.13+0.38%  3.17+0.70° 3.90+035°  2.83+£0.59%" 3.30+0.26
40 05 3174055 4.122044" 333£055° 26440208 37320647 35240415 3834059 28340237
60 05 283+0.65° 323+040° 3.03+056° 233+035" 3274058 32740247  2.83+0.54%  2.66+0.44"

Values followed by different letters within a column are significantly different at 5% level by Duncan’s Multiple Range Test. Thirty replicates

were used in each treatment. Values marked with * are significantly different at 5% level between 10% coconut milk and 0% coconut milk. Data were

recorded after cultured for 60 days on shoot induction and on the sixth subculture
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bud multiplication. Coconut milk could promote
multiple shoot formation, with a significant difference

at 5% level (Table 2).

2.2 Rooting

After the sixth subculture, rooting of shoots was
carried out on a full- or half-strength MS medium
supplemented with different concentrations of IBA or
NAA (Table 3). In the experiment, rooting easily
succeeded when the shoots were young (about 2-3 cm
All of these

treatments could induce rooting. In most treatments,

measured from base to leaf top).

root initiation appeared when the shoots were

transferred to the rooting medium after 10 days. The
rooting was affected by the strength of basal medium
and the concentration of IBA or NAA. However,
rooting percentage was lower on a full strength MS
than on a half-strength MS medium at the same
In the
absence of any plant growth regulator, only 52.3% and

concentrations of plant growth regulators.

66.7% of the shoots produced roots in a full- and a
half-strength MS medium, respectively. The half-
strength MS medium supplemented with 1.0 mg L
IBA was the best for root induction. All plantlets
intended to produce roots after 10 days (Table 3; Plate
I: F, G).

Table 3 Effects of various MS salt concentrations and IBA, NAA treatments on rooting of M. lasiocarpa in vitro shoots

BA NAA MS 1/2MS
(mg ) (mg LY Rooting  Number of roots  Root length Rooting Number of roots  Root length
(%) per shoot (cm) (%) per shoot (cm)

0 0 52321195  2.80£0.55 1.5140.268 66.729.6" 3.26+0.875" 1.620.19"
0.2 0 6172115 3531057 2.63+0.26 733£9.6°  427+0.58" 28240227
0.5 0 72.029.6*  4.5020.63° 3.3720.32° 84.3+0 4" 4.80£0.76  3.74x0.18"
1.0 0 92.7+9.8° 5.230.63" 4.0120.37° 1000.0%" 6.63x1.00°  4.83£0.32""
2.0 0 747£10.4°  4.33+0.66" 2.9020.30° 86.0+100  4.6320.67™ 2.8220.21°

0 02 683105  3.80+048" 2.950.30° 78.3+8.7% 3.9720.85%  2.03x0.24%"

0 0.5 85.726.6° 4.600.56° 4.040.26" 95.0¢5.1"  5.03+0.76"  4.510.33""

0 1.0 75.748.2¢ 4.16£0.65° 3.600.36° 84.029.3% 4.5320.78% 3.98+0.38°"

0 20 65.7+100F  3.47+0.78° 2.82+0.21° 70.7¢12.0%  3.8020.71° 3.28+0.27°

Values followed by different letters within a column are significantly different at 5% level by Duncan’s Multiple Range

Test. Thirty replicates were used in per treatment. Values marked with * are significantly different at 5% level between MS and

1/2MS. Data were recorded in 4 weeks after transfer of the shoot to rooting medium.

2.3 Transfer in vitro propagated plants to soil

The highest transplantation rate (93.5% ) was
obtained when plantlets were transplanted to planting
beds containing a mixture of sand, sieved peat and
perliter (1:1:1; v/v) in a greenhouse. After 2 months,
the surviving plantlets were transplanted in plastic pots
(Plate I: 1). Compared to mother plants, the in vitro
raised plants did not show any phenotypic variation
using our safe and effective propagation technique
after planting. About 10 000 M. lasiocarpa plants were
produced successfully in the field and pots (Plate I: H, I).

3 Conclusion and discussion

This protocol described a complete and rapid
clonal propagation system for M. [lasiocarpa using
auxiliary bud. In our study, the regeneration frequency
(4.10-fold in shoot induction and 4.23-fold in
subculture)
4.0 mg L' 6-BA, 0.1 mg L' NAA, 150 mg L' vitamin
C and 10% coconut milk with divided explants. The

on MS medium supplemented with

entire procedure could be completed without callus
formation, which could increase possible genetic

variability caused by callus formation. The high rates
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of multiplication and rooting and successful transfer to
a poly bag make this production system useful for ex
sitw conservation and large-scale multiplication of M.
lastocarpa.

Activated charcoal and vitamin C could control
browning and stimulate shoot growth of Strelitzia
reginae, Anemone oronaria, Dipterocarpus alatus and
Dipterocarpus iniricatus ", Activated charcoal was
more effective than vitamin C in reducing browning in
D. dlatus and D. intricatus"™. In our experiment, the
use of 150 mg L' activated charcoal or 150 mg L
vitamin C or the transplantation of explants on the
same fresh medium every 10 days could reduce
browning and increase the number of cluster shoots.
The effect of vitamin C was better than that of
activated charcoal. Addition of activated charcoal in
the rooting medium could stimulate!™¥ or inhibit
rooting!. In our study, activated charcoal improved
the potential for adventitious rooting (date not shown).

Coconut milk has been shown to be essential for
direct embryogenesis ' and in enhancement of
auxillary shoot growth!), Despite studies on chemical
composition, nature and level of active growth
promoting factors present in the coconut milk remains
unknown 8,
vitamins, sugar and growth substances (cytokinin
etc),  In addition,
phosphorus, magnesium, potassium and sodium are

Coconut milk contains amino acids,

various inorganic ions such as

also reported to be present in coconut milk!®,
However, our results from M. lasiocarpa auxiliary
shoots initiation showed that coconut milk could
increase shoot proliferation rate.

When using undivided or divided explants, higher
shoot proliferation rate by divided explants than
undivided explants, is the same effect reported in
Curcuma longa 1.1\,

The earlier studies have demonstrated the
parameters of the in vitro culture conditions are very
important for the production of useful plants. The
plant growth regulators, nutrient salt strength and the
carbon source affected shoot initiation of Scopolia
galanga ™. The

parviflora and  Kaempferria

multiplication rate and shoot length were significantly
higher in cultures supplemented with plant growth
regulators in Saussurea obvallata (DC.) Edgew?!. In
most of the earlier studies, 6-BA was found to be
more effective than kinetin in inducing shoot
6-BA  was

on shoot

development . In our experiment,
effect

regeneration and development if the concentration was

effective, but had inhibitory

higher than optimum level (4.0 mg L™).
Rooting percentage was lower in full strength MS

than in half-strength medium at the same

concentrations of plant growth regulators, which has
been reported for some other medicinal herbs, such as
Saussurea obvallata (DC.) Edgew ", Chlorophytum

botwilianum™, Lilium nepalense D. Don®.
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Explanation of plate

Plate I
Plant regeneration from in witro culture by auxillary bud of M.
lasiocarpa.
A. Samples of M. lasiocarpa 'grown under greenhouse condition;
B. Inoculated explant from undivided auxillary bud,;
C. Inoculated explant from divided auxillary bud;
D. Explants with newly developed shoot;
E. Multiplication of M. lasiocarpa;
F, G. Rooted plantlets;
H. M. lasiocarpa plantlets after acclimatization;
1. Three months after transplant.
Bars: A: 20 cm; B~G: 1.5 cm; H-I: 10 cm.
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