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In vitro Mass Multiplication of Acorus calamus L. - An Endangered Medicinal Plant 
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Abstract: A rapid and efficient in vitro propagation protocol of Acorus calamus L. - an important endangered
medicinal plant has been developed. Naturally grown rhizome segments were used as explants for initial culture.
Surface sterilized rhizome segments were cultured on Murashige and Skoog (MS) medium supplemented with
various concentrations (0.5 mg l  - 3.0 mg l ) of cytokinins (BAP, Kn) and auxins (IAA, IBA, NAA, 2, 4-D)1 1

individually as well as in various combinations. Among auxins, highest number of shoots (4.2) was observed
on MS medium containing 3.0 mg l  NAA. The better shoot multiplication (4.4) was observed on MS medium1

containing BAP (2.0 mg l ) in combination with NAA (0.5 mg l ) where 90% of explants showed proliferation.1 1

In vitro regenerated shoots (3.0 cm long) were excised aseptically and implanted on MS half and full strength
medium fortified with various concentrations (0.5 mg l - 2.0 mg l ) of IBA and NAA in an attempt to produce1 1

roots. Excised shoots failed to develop roots on half and full strength MS medium devoid of growth regulators.
Half strength MS medium having 1.0 mg l  IBA was found better with 50% root formation after 15.0 days of1

inoculation with a maximum number of roots (5.0). Higher concentrations of IBA (1.5 mg l  and 2.0 mg l )1 1

showed decreased per cent of root formation. The rooted plantlets were successfully acclimatized in pots
containing sterilized soil and sand mixture (3:1) with 75% survival rate in the field conditions.

Abbreviations: BAP 6-Benzyl aminopurine  Kn  Kinetin  IAA Indole-3-acetic acid  IBA Indole-3-butyric
acid NAA Naphthalene acetic acid  2, 4-D 2  4-Dichlorophenoxy acetic acid

Key words: Acorus calamus L  Araceae  Multiple shoots  Rhizome segments  Auxins  Cytokinins

INTRODUCTION several important biological activities including

Acorus calamus L. is a medicinally as well as and antifungal [5].
economically important plant belongs to family Araceae. The rhizome, root and leaves of this plant produce
The  plant is commonly known as Bach (Hindi), Sweet glycoside, oxalic acid and volatile oil [6]. The volatile oil
Flag (English), Wadakaha (Sinhala) and Vashambu is known as calamus oil that has been successfully
(Tamil). It  is  a   semi-aquatic,   perennial,   aromatic   herb employed in medicine since old time and at present it is
with creeping rhizome. It is found in marshy land, shallow used for the preparation of perfume, sacred oils, aromatic
water and pond edges of northern temperate, sub-tropical cordials, flavouring beer and liquor [1]. Different herbal
and warm regions of Indian subcontinent, SriLanka, formulations for skin care, hair care, antacids, mosquito
Philippines, Southern Russia, Europe and North America. repellants and general tonics are available where this plant
It is native to South Eastern USA. is a major ingredient. The powdered rhizome is said to act

It  grows  up  to   a   length   of   2-3   feet   with as an antispasmodic, diaphoretic, expectorant and can
sword-shaped leaves, small yellow/ green flowers and cure tuberculosis as well as lung and heart cancer  [7].
branched rhizomes. The rhizomes of this plant contain The rhizome is also used for treating diseases such as
alkaloids mainly choline, bitter glucosides acorin and dyspepsia, flatulence, choleraic diarrhoea in children,
calamine A, an essential oil calamol, a resin, gum, starch cough, fever, piles and asthma. This is also used as an
and tannins. The essential oil is said to contain asarone, insecticide, in the preparation of toilet powder and an
palmitic acid and heptoic acids [1]. Essential oil distilled antidote for several poisons [8]. In USA, the rootstock is
from rhizome and roots have been reported to possess often eaten raw for relief from indigestion.

antibacterial [2, 3], anticellular, immunosuppressive [4]
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Due to its commercial importance and extensive use water. The in vitro regenerated plantlets were then
in medicines, there has been a growing demand for this transplanted to small earthen pots containing sterilized
plant. Conventionally, the plant can be propagated only soil and sand mixture (3:1). Each pot covered with
by vegetative means. The plant rarely produces flowers or polythene bags with small holes to maintain high humidity
set seeds. The conventional propagation techniques of and kept them in the culture room. The plantlets were
this plant are inadequate to provide the planting material irrigated with MS half strength salt solution on alternate
required for large scale cultivation and to meet the days. These pots were taken out from the culture room
growing need of pharmaceutical industry. Therefore, after  2  weeks  and  polythene  bags  were  removed  for
alternative means for the propagation of this plant species 3-4 hours daily to expose the plants to natural conditions
have to be developed. Plant propagation by means of for acclimatization. After about one month these plants
tissue culture represents one of the possible approaches were then shifted to the glasshouse and after 4 week
to overcome these problems. Some preliminary work on glasshouse period, the plants were transferred to the soil
micropropagation of Acorus calamus has been done by a under natural conditions of temperature and day length.
few workers [1, 6]. But much is to be done to achieve the
desired objectives. So, the present study has been RESULTS AND DISCUSSION
designed to develop a suitable in vitro technique for rapid
and large scale multiplication of this important The present investigation was carried out with an aim
endangered, medicinal plant species. to devise a suitable protocol for mass multiplication of

MATERIALS AND METHODS individually and in various combinations to MS medium

Rhizome segments (1.0-1.5 cm) were excised from two cytokinins tested (BAP and Kn), BAP was found to
young plants growing in Herbal garden of Botany be more effective than Kn as bud inducer. In the present
Department, Kurukshetra University, Kurukshetra, study, higher concentration of cytokinins (BAP and Kn)
Haryana, India. The explants were collected and then were found to be more suitable for multiple shoot
washed in running tap water to remove all the dust induction than the lower concentrations. Rhizome
particles. All the explants were washed with liquid segments inoculated on MS medium supplemented with
detergent (Teepol) for 5 min and again, explants were 2.0 mg l  BAP induced early bud break with shoot
washed several times with tap water followed by washing formation and the length of shoots were also found to be
with distilled water to remove all the traces of detergent. more in BAP containing medium as compared to Kn
Surface sterilization was carried out in Laminar Air Flow (Table 2; Figs 1-C, D). Similar observations were reported
chamber by treating these explants with 0.1% (w/v) in  Morus  alba  [10], Pterocarpus marsupium [11],
mercuric chloride solution for 10-12 minutes and Prunus armenica [12] and Momordica charantia [13].
subsequently washed with sterilized double distilled water Earlier reports about the effectiveness of BAP at different
to remove all the traces of mercuric chloride. The explants concentration on induction of multiple shoots have been
were trimmed aseptically to smaller segments and used. reported  by  different  workers  in  different  plants  such
The surface sterilized rhizome segments were inoculated as Cinnamomum  camphora [14], Aloe vera [15],
on  MS  medium  [9]  supplemented  with  various Eleusine coracana [16], Peganum harmala [17] and
concentrations (0.5-3.0 mg l ) of auxins (IAA, NAA, 2, 4- Celastrus paniculatus [18].1

D and IBA) and cytokinins (BAP, Kn) alone and in Supplementation of kinetin also resulted in shoot
different combinations. The cultures were incubated at a formation but the percentage was less as compared to
temperature of 25±2°C and a photoperiod of 16 hours BAP (Table 2). Regeneration of shoots in response to Kn
(light  intensity  2000  lux)  and  8 hours of dark period. has been observed in Catharanthus roseus [19],
The regenerated shoots (3.0 cm long) were aseptically Plumbago zeylanica [20] and Arachis hypogaea [21]. 
excised and implanted on the medium supplemented with The  supplementation  of  auxins  (IAA,   NAA  and
IBA (0.5-2.0 mg l ) and NAA (0.5-2.0 mg l ) individually 2, 4-D) at higher concentrations proved more effective for1 1

as well as in combinations for root development. increasing the number of shoots with better shoot length
Complete regenerated plantlets with sufficient roots (Table 1). Among all the treatments of auxins, better shoot

were taken out from the cultural tubes and washed several formation occurred with callusing at the shoot base on
times with sterile distilled water to remove the traces of MS   medium   fortified   with   3.0 mg l  NAA (Fig 1-B).
medium with the help of fine brush by putting the roots in The  maximum  number  of shoots  (4.2)  per  explant   and

this plant. Supplementation of auxins and cytokinins

favoured bud break as well as shoot growth. Among the

1

1
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Table 1: Effect of auxins fortified with MS medium on rhizome segments of Acorus calamus (after 30 days of culture).

Concentration of No. of days required No. of Shoots regenerated Shoot length
Media Composition growth regulators (mg l ) for bud break % Bud break per explant (Mean±SE) (cm)  (Mean ±SE)1

Control _ _ _ _ _

MS+IAA 0.5 - - - -
1.0 15.0 40 2.0±0.18 2.6±0.17
2.0 16.0 20 2.5±0.19 2.8±0.15
3.0 16.2 10 3.0±0.15 3.2±0.21

MS+NAA 0.5 - - - -
1.0 14.8 40 1.8±0.17 3.0±0.25
2.0 14.6 30 2.4±0.23 3.5±0.21
3.0 14.0 50 4.2±0.27 3.7±0.20

MS+2, 4-D 0.5 - - - -
1.0 16.0 20 2.0±0.11 3.0±0.20
2.0 15.5 40 2.3±0.13 2.9±0.13
3.0 16.5 30 2.5±0.02 3.2±0.25

MS+IBA 0.5 - - - -
1.0 - - - -
2.0 - - - -
3.0 - - - -

(-) No response

Table 2: Effect of cytokinins fortified with MS medium on rhizome segments of Acorus calamus (after 30 days of culture).

Concentration of No. of days required No. of Shoots regenerated Shoot length   (cm)
Media Composition growth regulators (mg l ) for bud break % Bud break per explant (Mean±SE) (Mean ±SE)1

Control _ _ _ _ _

MS+BAP 0.5 12.5 60 3.4±0.15 3.5±0.17
1.0 12.8 70 3.1±0.12 4.0±0.21
2.0 12.0 80 4.0±0.14 4.2±0.24
3.0 13.0 70 3.0±0.20 3.8±0.22

MS+Kn 0.5 14.0 50 2.7±0.20 3.0±0.12
1.0 14.6 70 2.9±0.24 3.5±0.19
2.0 13.0 70 3.8±0.26 4.0±0.26
3.0 13.8 60 2.4±0.13 3.0±0.20

MS+BAP+Kn 1.0+1.0 12.5 60 3.1±0.19 3.0±0.21
2.0+1.0 13.5 50 2.2±0.17 3.0±0.15
2.0+2.0 14.0 40 1.7±0.07 2.5±0.20

(-) No response

Table 3: Effect of auxins + cytokinins fortified with MS medium on rhizome segments of Acorus calamus (after 30 days of culture).

Concentration of No. of days required No. of Shoots regenerated Shoot length   (cm)
Media Composition growth regulators (mg l ) for bud break % Bud break per explant (Mean±SE) (Mean ±SE)1

MS+BAP+NAA 1.0+ 0.5 11.5 70 3.0±0.22 3.9±0.23
1.0+1.0 11.0 60 3.0±0.26 4.3±0.31
2.0+0.5 10.0 90 4.4±0.33 3.5±0.29
2.0+1.0 10.8 80 3.1±0.22 4.5±0.37
3.0+0.5 11.0 80 3.3±0.26 3.2±0.23
3.0+1.0 11.2 60 3.4±0.23 2.9±0.12

MS+BAP+IAA 1.0+ 0.5 12.5 50 2.8±0.24 3.8±0.23
1.0+1.0 12.6 30 1.6±0.13 2.4±0.10
2.0+0.5 12.2 70 3.2±0.28 3.1±0.25
2.0+1.0 12.0 80 2.5±0.18 4.1±0.39
3.0+0.5 11.0 60 2.7±0.13 3.0±0.22
3.0+1.0 11.5 50 2.0±0.10 2.8±0.14
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Table 3: Continue
Concentration of No. of days required No. of Shoots regenerated Shoot length   (cm)

Media Composition growth regulators (mg l ) for bud break % Bud break per explant (Mean±SE) (Mean ±SE)1

MS+Kn+NAA 1.0+ 0.5 12.5 40 2.5±0.14 3.5±0.25
1.0+1.0 12.8 50 1.5±0.08 2.3±0.12
2.0+0.5 12.2 80 3.1±0.29 3.8±0.28
2.0+1.0 12.0 80 3.1±0.29 4.5±0.22
3.0+0.5 13.0 60 3.5±0.22 2.8±0.12
3.0+1.0 13.5 50 2.2±0.18 2.7±0.17

MS+Kn+IAA 1.0+ 0.5 13.0 30 2.7±0.13 3.4±0.20
1.0+1.0 13.8 20 1.2±0.05 2.2±0.15
2.0+0.5 12.5 70 3.0±0.20 3.6±0.22
2.0+1.0 12.5 80 3.0±0.16 3.4±0.24
3.0+0.5 12.6 50 2.8±0.18 2.8±0.17
3.0+1.0 12.6 40 2.0±0.10 2.5±0.18

Table 4: Effect of various auxins on root induction. 
Media composition Concentration of No. of days required No. of roots per Root length

growth regulators (mg l ) for root initiation % Response shoot (Mean±SE) (cm) (Mean ±SE)1

MS half strength without 
growth regulator _ _ _ _ _
MS full strength without 
growth regulator _ _ _ _ _
MS half strength +IBA 0.5 14.5 40 3.4±0.33 2.2 ±0.17

1.0 15.0 50 5.0±0.40 2.2±0.18
1.5 16.2 40 2.0±0.17 1.9±0.12
2.0 17.0 30 1.5±0.12 1.6±0.16

MS half strength + NAA 0.5 18.8 40 2.4±0.33 2.1±0.11
1.0 17.5 30 2.0±0.19 2.1±0.06
1.5 20.0 20 2.0±0.14 2.0±0.17
2.0 - - - -

MS half strength + NAA +IBA 0.5+0.5 17.0 40 3.0±0.27 2.1±0.13
0.5+1.0 18.2 30 2.0±0.17 1.9±0.16
1.0+ 0.5 18.0 40 2.3±0.13 2.0±0.15
1.0+1.0 16.0 30 2.5±0.02 2.1±0.09

(-) No response

Fig. 1: Direct regeneration of shoots from rhizome segments of Acorus calamus on MS medium fortified with Auxins and
Cytokinins (after 30 days of culture).
A. MS medium + 1.0 mg l  IAA    B. MS medium + 3.0 mg l  NAA 1 1

C. MS medium + 2.0 mg l  BAP    D. MS medium + 2.0 mg l  Kn 1 1
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Fig. 2: Direct regeneration of shoots from rhizome segments of Acorus calamus on MS medium fortified with Auxins +
Cytokinins (after 30 days of culture).
E. MS + 2.0 mg l  BAP + 0.5 mg l  NAA F. MS + 2.0 mg l  BAP + 1.0 mg l  I AA1 1 1 1

G. MS + 2.0 mg l  Kn + 1.0 mg l  NAA H. MS + 2.0 mg l Kn + 1.0 mg l  IAA 1 1 1 1

Fig. 3: Induction of roots from in vitro developed shoots on half strength MS medium fortified with auxins and
transferring of plantlets to pot. 
I. MS half strength + 1.0 mg l  IBA1

J. In vitro regenerated shoot with well-developed roots. 
K. Establishment and acclimatization of in vitro regenerated plantlets.
L. Potted plantlets in the green house conditions. 
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maximum shoot length (3.7 cm) was also observed at this MS half strength medium supplemented with 0.5 mg
concentration. Likewise, shoot regeneration occurred on l NAA was found better among all the treatments of
NAA fortified media in Leucaena leucocephala [22], NAA. It showed maximum number of roots (2.4) per shoot
Phaseolus coccineus [23] and Bacopa monniera [24]. (Table 4). Although the number of roots was maximum in
Two shoots per explant were formed in the medium medium with 1.0 mg l  IBA but there was no appreciable
supplemented with auxins and three shoots per explant in difference in root length as compared to the media  with
case of cytokinins (Table 1, 2). 1.0 mg l  NAA (Table 4). Similarly, in other species like

The combined effects of BAP and Kn (1.0-3.0 mg l ) Rauvolfia tetraphylla [33], Chrysanthemum sp. [34] and1

with NAA and IAA (0.5-1.0 mg l ) were also observed. Eremurus  persicus  [35],  NAA  induced   roots    under1

The combination was effective in reducing time taken for in vitro conditions. 
bud initiation. Among the various concentrations of BAP The most crucial step in the micropropagation is the
and NAA, maximum bud break (90%) was noticed on the hardening and acclimatization as it is the process which
medium with 2.0 mg l  BAP + 0.5 mg l  NAA with an makes the plantlets capable of tolerating the natural1 1

average  of  4.4  shoots  per  explant  (Table  3;  Fig  2-E). environmental conditions. For successful acclimatization,
Bud break was noticed after 10 days of inoculation in this the in vitro raised plantlets were carefully transferred to
medium and number of days increased with any deviation sterilized soil and sand mixture (3:1) in small pots in
from  this  concentration.  The combined effect of BAP present study and each pot was covered with a polythene
(2.0 mg l ) and NAA (0.5 mg l ) produced multiple bag to maintain high humidity. The plantlets were irrigated1 1

shoots (10 per explant) from shoot tip explants in Aloe with MS half strength solution on alternate days.
barbadensis [25] and similarly, maximum shoot Successful acclimatization and field transfer of in vitro
regeneration  from  young meristem explants of regenerated plantlets have also been reported in Sapindus
Saccharum officinarum on MS medium supplemented mukorossi [36], Bupleurum disticho-phyllum [37],
with 2.0 mg l  BAP + 0.5 mg l  NAA was also reported Iphigenia indica [38], Ipomoea obscura [39] and Emilia1 1

[26]. Fortification of IAA in place of NAA with BAP zeylanica [40].
resulted in the reduction of per cent bud break and Hardening and acclimatization of plantlets was done
number of shoots per explant (Table 3). because the plantlets raised under in vitro conditions on

In case of Kn + NAA supplemented media, the synthetic carbohydrate supplemented medium under
medium with 2.0 mg l  Kn + 0.5 mg l  NAA showed artificial light fail to acclimatize abruptly to rigor of natural1 1

slight  decrease  in  per  cent  bud break as compared to environments. So, a careful transfer of plantlets in the soil
2.0 mg l  BAP + 0.5 mg l  NAA supplemented medium after hardening and acclimatization is required.1 1

(Table 3). Combinations of BAP with NAA showed better Approximately seventy five per cent of the plantlets
response than that of BAP with IAA and Kn with NAA or survived  and  established  well  in the field conditions
IAA. (Fig 3-L). 

In vitro developed shoots were excised aseptically
and implanted on half and full strength MS media fortified CONCLUSIONS
with various concentrations (0.5, 1.0, 1.5 and 2.0 mg l ) of1

IBA and NAA individually and in combination in an The  current  study  shows  that  rhizome  segments
attempt to produce roots. Excised shoots failed to develop of  Acorus  calamus  L.  are a  good  starting  material  for
roots on half and full strength MS medium devoid of in  vitro propagation of this important, endangered
growth regulators (Table 4). Auxins play an important role medicinal    plant.    High    concentrations     of     BAP
in root initiation and development. Among all the (2.0  mg l ) in combination with NAA (0.5 mg l )
treatments of IBA (0.5, 1.0, 1.5 and 2.0 mg l ) and NAA showed maximum bud break. Best rooting was achieved1

(0.5, 1.0, 1.5 and 2.0 mg l ) in half strength MS medium, with IBA at 1.0 mg l . Indirect regeneration through1

1.0 mg l  IBA was found better with 50% root formation callus formation could not be achieved from rhizome1

after 15.0 days of implantation with a maximum number segments at all the concentrations of auxins and
(5.0) of roots per shoot (Table 4; Fig 3-I). The roots were cytokinins supplemented individually or in various
healthy and unbranched. The enhancing effect of IBA for combinations. In the present study, direct shoot
root formation was also observed in Gymnema elegans regeneration was successfully achieved  through  the
[27], Glycine max [28], Chlorophytum borivilianum [29], culture  of  rhizome   segments. The protocol, without
Caladium bicolor [30], Leucadendron laxum [31], callus formation is advantageous since callus may cause
Jatropha curcas [32] and Peganum harmala [17]. genetic variability.

1

1

1

1 1

1
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Thus, the present study has developed a reliable and 9. Murashige, T. and F. Skoog, 1962. A revised medium
reproducible protocol of this important medicinal plant
which could be used for mass multiplication of this plant
species to meet the increasing requirement of the
pharmaceutical industry as well as for the conservation of
germplasm.
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