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Abstract: Acorus calamus L. is a species of enormous medicinal and economic importance. In vitro propagation of this plant was 

achieved using axillary bud explant. In the present investigation, naturally grown axillary bud and rhizome explants were cultured 
on standard MS and B5 medium supplemented with different concentration and combination of cytokinines and auxines. The 
best shoot proliferation was observed in MS medium containing Kn (1.0mg/l) +IBA (0.5mg/l) with 3.33±0.58 nos. of Shoots, 
7.33±0.58 nos. of roots and 15.33±0.58 nos. leaves. In B5 medium best results found in Kn (1.5mg/) + NAA (1.0mg/l) with 
2.67±0.58 nos. shoots, 3.67±0.58 nos. of roots and11.67±0.58 nos. of leaves. They were then transplanted in soil: sand: cow 
dung mixture (1:1:2) and kept in shade for 4 to 5 weeks and then transferred to field for one month. Survival rate was found 80 
% in MS medium and 100 % in B5 medium. The present investigation was carried out with a view to standardize an in vitro culture 
technique for mass propagation of this important medicinal plant species and was found successful. 
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Introduction 

Acorus calumus is commonly known as sweet flag of the family 
Acoraceae. This plant is semi-aquatic, perennial, aromatic herb 
with creeping rhizomes, growing wild and also cultivated 
throughout India. In Ayurvedic system of medicine, the 
rhizomes are used for the treatment of epilepsy and other 
mental ailments, chronic diarrhoea and dysentery, bronchial 
catarrh, intermittent fevers and glandular and abdominal 
tumours, They are also employed for kidney, lever troubles, 
rheumatism and eczema. The rhizome may have poisonous 
effect under certain conditions causing disturbed digestion and 
gastro-enteritis.  
 
Sweet flag oil obtained from roots and leaves was found to 
possess anti-ulcer and cryoprotective properties. The oil is 
used in the preparation of aromatic cordials and liquors or 
flavouring beer and also perfumes (Guenther, 1952). Rhizomes 
are used for headache, cough asthma and strengthening of 
teeth and are also used as aphrodisiac (Maithani, 1973). It is 
also used as an antidote to croton poisoning. 
 
Systematic Position 

Kingdom : Plantae 
Division : Magnoliophyta 
Class   : Monocots 
Sub clas : Arecidae 
Order  : Acorales 
Family : Acoraceae 
Genus : Acorus L. 
Species : A. calamus L. 
Syn :Acorus griffithii Schott.,  

Acorus angustatus Raf.,  
Acorus belangeri Schott. 

 
Common Names and Vernacular Names 
(Sylvan and Alvin, 2009) 
Commonly known as - sweet flag, calamus, beewort, bitter 
pepper root, calamus root, flag root, gladdon, myrtle flag, 
myrtle grass, myrtle root etc. Vernacular name 
includesAssamese – Boch, Mandarin Chinese- Hangpu, 
Japanese– Shoubu, Korean –Changpo, Unani- Bacch, Hindi-
Bajai, Gora-Bach, Vasa Bach, Marathi -Vekhand, Tamil–
Vasambu, Telugu- adaja, Sanskrit –Jatila, Nepali –Bojho. 

 
Ethnobotanical and Medicinal Note  
The sweet flag (Acorus calamus) is extremely used in the Indian 
medicine. The herb is used both 
internally as well as externally. In rheumatism, rheumatic fever, 
inflamed joints, coughs, asthma, epilepsy the plant is highly 
used (Nadkarni, 2005; Dwivedi et al., 2012). Many workers 
globally reported many other medicinal activity like Anti-
seizures Activity (Prisilla et al., 2012), Anti diabetic activity 
(Gopalakrishna et al., 2010), Antihypertensive Effect (Patel et 
al., 2012), Anti HIV Activity (Mehrotra et al., 2003), Immuno 
suppressive Activity (Sandeep et al., 2010), Radio-protection 
and DNA Repair Activity (Wu et al., 2009), Wound-healing 
Activity (Jain et al., 2010), Anti-inflammatory Activity (Kim et 
al., 2009), Synergistic Anthelmintic Activity (Merekar et al., 
2011; Xin et al., 2013). The essential oil from rhizomes and its 
constituent compounds have potential for development into 
natural fumigants/insecticides (Bhuvaneswari and Chellam, 
2009). Anti - bacterial property was also reported by 
Bhuvaneswari and Balasundaram (2009). 
 

Materials and Methods 
Axillary bud and rhizome was used as explants in case of 
Acorus calamus. At first collected plant materials were 
thoroughly washed in running tap water for 10 minutes, and 
soaked in 1%( v/v) commercial detergent (Sodium 
hypochlorite) with a few drops of extran to remove the dust 
particles and other surface disinfectants. Then it was washed 
with sterile double distilled water, rinsed with 70 per cent 
ethanol. After sterilization the explants were transferred to 
laminar air flow cabinet under aseptic conditions. The explants 
were then cut to required sizes and the cut explants (3-5 mm in 
length) were carefully placed in tubes containing semisolid 
nutrient medium. All these explants were subcultured at 
regular intervals of time and their growth and development 
were recorded. After inoculating the tissue onto the culture 
medium, culture flasks were arranged on culture racks. The 
temperature of the room was maintained at 25±1ºC. The light 
period (16 hrs.) was maintained with the help of an automatic 
timer. The intensity of light was maintained at 2,500 – 4,000 
Lux. The room was sterilized by running an Ozone Generating 
machine fitted with UV light before keeping the explants. 
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Cultures were examined daily and from the original ones 
subcultures were made into fresh medium. 

 
The regenerated plantlets with well-developed leaves and roots 
were transferred to soil in the earthen pots and kept under 
light and temperature controlled room in an aseptic 
environment. Rooting media consisted of soil, sand and cow 
dung (1:1:1) mixture which were sterilized by autoclaving. 
Before planting to the pot, the plantlets were washed well with 
sterile distilled water under aseptic conditions and treated with 
fungicide (0.1 % Dithane-M- Soln) for 1-2 min. The plants 
were initially irrigated two times a week, with tap water and 
sprinkled with MS mineral solution from which they were 
transferred. After one month of acclimatization they were 
transferred to glass house where they grew luxuriantly. Then 
the potted plants were transferred to the field.  
 

Results and Discussion 

In vitro culture of Acorus calamus was carried out with axillary 
bud explants. Explants were cultured in MS and B5 media, 
each supplemented with nine different combinations of plant 
growth regulator with 100mg/L of CH. Axillary bud showed 
better results. Because rhizomatous explants required more 
time and proved to be more prone to contaminations. In case 
of medium also, MS medium showed better results than B5 

medium. Lower concentrations of kinetin with IBA were 
effective for regeneration. With kinetin 0.1 and 1.0 mg/l, 
number of shoots increased and roots started developing 
gradually with IBA concentrations 0.1 and 0.5mg/l in MS 
medium (Table. 1, Fig. 1A, B, C). The ability of IBA at low 
concentration in inducing rooting on in vitro culture of plant 
tissues was also reported (Jawanda et al., 1980; Evaldsson, 
1985; Attifield and Evans, 1991; Ahmed et al., 2010).  

 
Table 1: Regeneration of shoots and roots from axillary bud of Acorus calamus on MS medium and B5 medium with different 
PGRs (Mean 3±SE) and rate of survival. 

PGRs (mg/l) 
Observation after 120 days in   MS 

medium Rate of 
survival 

Observation after 120 days in   B5 medium 
Rate of 
survival 

Kn IBA NAA BA 
No. of 
shoots 

No. of 
roots 

No. of 
leaves 

No. of 
shoots 

No. of 
roots 

No. of 
leaves 

0.1 0.1 - - 3.0±1.0 5.0±1.0 13.0±1.0      
1.0 0.5 - - 3.33±0.58 7.33±0.58 15.33±0.58 80 1.33±0.58 3.67±1.15 7.67±1.15 100 
1.0 0.1 - - 3.0±1.0 7.0±1.0 13.0±1.0 50 1.67±1.15 3.33±0.58 7.67±0.58 50 
1.5 0.5 - - - - -  2.33±0.58 3.67±0.58 10.67±1.15 40 
1.5 0.1 - - - - -  2.67±0.58 3.67±0.58 11.33±1.15 100 
0.1 - 0.1 - 2.0±1.0 5.0±1.0 8.0±1.0 80 - -- -  
0.5 - 0.5 - 1.67±0.58 4.0±1.0 4.43±0.58 40 - - -  
1.0 - 0.5 - 2.33±0.58 4.33±0.58 7.33±0.58 50 - - -  
1.5 - 0.1 - - - -  1.33±0.58 3.33±0.58 6.33±0.58 100 
1.5 - 0.5 - 2.67±0.58 2.23±0.58 11.33±1.15 70 - - -  
1.5 - 1.0 - 4.33±0.58 6.0±1.0 15.0±1.0 80 2.67±0.58 3.67±0.58 11.67±0.58 100 
2.0 - 0.1  - - -  1.33±0.58 2.33±0.58 6.67±0.58 30 
2.0 - 0.5 - 2.0 ±1.0 3.0±1.0 11.0±1.0 50 1.67±1.15 2.33±0.58 8.33±0.58 20 
- - 0.5 1.0 1.67±1.15 2.67±0.58 14.0±2.0 40 - - -  
- - 0.1 1.5 2.67±0.58 2.67±0.58 14.0±1.73 40 - -- -  
- - 0.5 1.5 3.0±1.0 6.0±1.0 17.0±1.0 70 - - -  
- - 2.0 4.0 4.0±1.0 5.0±1.0 21.0±1.0 70 - - -  
- - 2.6 4.4 2.0±1.0 2.33±0.58 10.67±1.15 70 - - -  

1.0 - - - 2.33±0.38 3.33±0.58 8.33±0.58 60 - - -  
1.5 - - - 2.33±0.58 4.33±0.58 8.33±0.58 70 - - -  
2.0 - - - 1.33±0.58 3.33±0.58 7.33±0.58 20 - - -  
2.5 - - - 2.33±0.58 4.33±0.58 7.33±0.58 30 - - -  
- - 0.3 - 2.67±0.58 3.67±0.58 11.67±0.58 50 2.33±0.58 3.67±1.15 10.33±0.58 100 
- - 0.5 - 2.33±0.58 3.33±0.58 3.33±0.58 30 2.33±0.58 3.33±0.58 8.33±0.58 80 
- - 1.0 - 1.33±0.58 2.33±0.58 4.67±0.58 70 1.33±0.58 2.33±0.58 5.33±0.58 30 
- - 1.5 - - - -  1.33±0.58 2.33±0.58 5.33±0.58 40 
- - 2.0 - - - -  1.33±0.58 3.33±0.58 6.67±0.58 20 
- - 2.5 - - - -  2.33±0.58 2.33±0.58 5.53±0.58 20 
- - 3.0 - - - -  1.33±0.58 - 5.53±0.58 20 
- - 3.5 - - - -  1.33±0.58 2.33±0.58 10.67±1.15 20 

 
The highest percentage of shoot proliferation was recorded at 
1/4th MS+5.7mg/l IAA+2.4mg/l IBA (Patnaik and Debata, 
1996). Combination of IAA and IBA showed better results. 
Best rooting was observed with 1.5mg/l IBA+1.0 mg/l NAA. 
In B5 medium higher concentration of kinetin 1.5 mg/l with 
0.5 mg/l IBA, 2 shoots per bud developed. In 1.5 +0.1 mg/l 
kinetin plus IBA, 3 shoots developed with a few rooting 
(Table. 1, Fig. 1D). In MS, medium Single shoot regenerated in 
0.5 +0.5 mg/l kinetin +NAA. Only small callus developed in 
1.0 +0.1 mg/l of kinetin and NAA. Multiple shoots developed 
from axillary buds with 1.5 +1.0 mg/l of kinetin and NAA an 
average 5 numbers of shoots with root developed from each 
bud. In other concentrations 2 to 3 shoots were developed. It 
was also obtained rapid in vitro propagation of Hemidesmus 
indicus (L) R.Br. on MS medium with kinetin 1.15μM and lower 
concentration of NAA (0.054 μM) (Castillo and Jordan,1997).  
 

 
Figure 1. A. Shoot initiations B. shoot development C. shoot 
multiplications D. Root development E. After hardening 
transferred to field. 
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In B5 medium kinetin+ NAA (1.5+1.0 mg/l) concentration 3 
shoots per bud developed. Good results were obtained 
showing well developed shoots with rooting in kinetin 1.5mg/l 
and NAA 1.0mg/l. Again, explants were tried in the both MS 
and B5 medium supplemented with kinetin and 2,4-D in 
various concentrations. The growth of the plantlets was not 
satisfactory. Hard compact calluses were observed only in B5 

medium in the concentration (0.1 +1.0, 1.5+0.1 mg/l). 
 
The medium with 4.0 mg/l of BA with 2.0 mg/l of NAA, 5 
numbers of shoots with roots developed in MS media whereas 
in B5 medium no development of shoot was observed. 
Multiple shoots also resulted with a few rooting in some 
concentrations of 1.0 +0.5, 1.5 +0.1, 1.5 +0.5 and 4.4 +2.6 
mg/l of BA and NAA in MS medium. In MS, medium callus 
formation was recorded in BA (3.0 mg/l) +NAA (0.5 mg/l). It 
was reported that shoot growth in MS medium supplemented 
with higher concentration of BA and lower concentration of 
NAA on axillary bud culture of Minthostachys andina, a member 
of mint family (Das et al., 2004). Best response for shoot 
multiplication was also obtained on MS basal medium 
supplemented with 4 mg/l BAP and 1.5 mg/l NAA for 
Curcuma caesia and 1 mg/l BAP + 0.5 mg/l NAA for Curcuma 
zedoaria (Burger et al., 1985). Also, BA (1mg/l) with NAA (0.1 
mg/l) gave best results in axillary bud culture of Paulownia 
tomentosa (Gangaprasad et al., 2003). However, MS medium 
containing BAP (1.0mg/l) and NAA (0.01mg/l) induced 
formation of maximum number (1.4 per plant) frequency (90 
per cent) of axillary shoots of 8.7 cm having 5-7 nodes from 
nodal segments of Utleria salicifolia (Lilien-Kipnis and Kachba, 
1987). Repeated proliferation of apical and lateral buds excised 
from corms and cormels of six mature Gladiolus hybrids by 
culturing in MS medium with low levels of NAA and BA or 
kinetin (Sonmai et al., 1989). The growth of the plantlets was 
satisfactory on the medium supplemented with BA and NAA. 
More number of shoots was observed in the concentration BA 
(4.0 mg/l) and NAA (2.0 mg/l) with excellent growth after 120 
days. Rooting was also good (Table. 1). Satisfactory results 
were not observed, when the explants were cultured on B5 
medium supplemented with different concentrations of BA 
and NAA. Responses were very poor throughout the whole 
experiment. Only small callus development was seen in very 
lower concentrations of BA and NAA. 
 
Regeneration was also observed in MS medium supplemented 
with higher concentration of kinetin alone (1.0, 1.5, 2.0, and 
2.5mg/l) where one and two shoots developed respectively. In 
B5 medium too response was not good compared to that of 
MS medium. Regeneration of shoots in kinetin supplemented 
medium at higher concentration (2-4mg/L) was induced on 
Gloriosa superba (Furuya et al., 1986). In Panax ginseng plantlet 
formation was promoted by kinetin (1 ppm) from callus (Mao 
et al., 2002).  
 
The explants exhibited poor respond when cultured on B5 
medium with supplementation of kinetin alone. When the MS 
medium was supplemented with BAP alone in various 
concentrations, the explants did not show good results. The 
highest percentage of shoot proliferation was recorded at the 
treatment of BAP at 3.0 mg lG1 which was 95.86% (Ahmed et 
al., 2007). B5 medium when supplemented with BAP alone in 
various concentrations, there was not any satisfactory response 
in the whole experiment. 
 
Regeneration was possible in both the media supplemented 
with lower to higher concentrations of NAA alone. Single, 
double and three shoots with rooting were developed in both 
the media in concentrations of NAA (0.1, 0.3, 0.5, 1.0 mg/l). 

Lilium mackliniae, a rare endemic and endangered plant 
produced best bulblets and leaf growth with different type of 
explants in MS medium supplemented with NAA alone 
(0.5μM) than in combination with any cytokinin (Lee and Park, 
1980).  
 
Transplantation of the plantlets 
After achieving well developed plantlets from the best media 
(MS and B5 in different concentrations) they were directly 
transplanted into earthen pots containing sterilized sand and 
cow dung. Required numbers of earthen pots (Fig. 1E) were 
prepared and plantlets were transplanted in each pot. The 
potting media were moistened with the respective mineral 
media without sugar and agar. For acclimatization, plantlets 
were kept inside the laboratory for one month with 70 per cent 
humidity, 25±10C temperature and higher light intensity 
regimes (3000-4000 lux). Then the plantlets were sprayed with 
water twice a week. 
 
Percentage of survival of the plantlets 
After 120 days from the time of culture, plantlets were taken 
out of flasks and transferred to soil. Best culture obtained in 
MS medium with suitable regenerating medium concentrations 
were 1.0 + 0.5 mg/l Kn + IBA and 0.1+0.1 mg/l Kn and 
NAA, showed 80 % survival rate. B5 medium with favourable 
regenerating medium concentrations were 1.0+ 0.5, 1.5+0.1 
mg/l Kn +IBA, 1.5 +0.1mg/l, 1.5+1.0 mg/l Kn + NAA and 
0.3 mg/l NAA alone respectively (Table. 1). The plantlets 
derived from these concentrations are high in number and 
showed 100 per cent of survival in soil.  
 

Conclusion  

From the note, it is crystal clear that Acorus calamus has 
enormous ethnobotanical value. Considering its importance 
multiplication through in vitro process was very impressive 
from commercial and medicinal point of view and was found 
very successful. After successful experiments with lots of 
combinations of plant growth regulators with MS and B5 

media, it has been found that MS medium supplemented with 
Kn (1.0mg/l) +IBA (0.5mg/l) resulted 80% survival rate in 
field and In B5 medium best results found in Kn (1.5mg/l) + 
NAA (1.0mg/l) with 100% survival rate. 
 
Abbreviations 
MS: Murashige and Skoog (1962) medium, B5: (Gamborg et al. 
1968) BA: N6 Benzyladenine, IBA: Indole-3-Butyric Acid, 
IAA: Indole-3-Acetic Acid, NAA: Naphthelene Acetic Acid, 
Kn: Kinetin. 
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