
Introduction

Medicinal plants, as valuable natural resources, play an 
important role in the health and economy of any country. 
There are many reports about medicinal properties of 
Acorus calamus L. (sweet flag) in the traditional medicine 
of India, China and Iran. These medicinal properties 
include the treatment of appetite, digestive disorders, 
colic pain, fever, speech stammering, toothache, kidney 
and liver troubles, rheumatism, gout and rejuvenator of 
the brain and nervous system (Motley 1994; Imam et al. 
2013; Mozaffarian 2013; Kumar et al. 2014). On the other 
hand, this plant is used in perfumery, health, and food 
industries (Motley 1994; Kumar et al. 2014).

A. calamus has recently been rediscovered in Iran 
after about 50 years from Mazandaran province (Gho-
lipour and Sonboli 2013). It is a rhizomatous perennial 
semi-aquatic plant from the family Acoraceae which 
mainly grows around the ponds in Iran. According to 
the available information, sweet flag has been distributed 
in three localities with very restricted distribution in 
Mazandaran (North of Iran) and is considered as a rare 
plant in Iran (Gholipour and Sonboli 2013). At present, 

the raw materials of sweet flag for medicinal and other 
uses are provided from natural habitats. For this reason, 
harvesting this plant will probably lead to the extinction 
of the species in Iran. Due to the many usages of A. calamus 
and high demand, domestication and cultivation of this 
plant in Iran is necessary. Sweet flag often has vegetative 
reproduction through rhizome, and no seed is produced 
in the wild population of Iran. On the other hand, since 
this plant does not produce seed, the preparation of 
seedlings is one of the main problems in the cultivation 
of this plant. At present, in countries where this plant is 
cultivated, the rhizomes of the previous year's plant are 
kept under soil until the growing season and then used to 
prepare seedlings (Lokesh 2004; Imam et al. 2013). Keep-
ing the living rhizome underground for about 4 months 
is one of the major problems in cultivating of this plant.

Plant tissue culture is a suitable technique for solving 
problems in the field of cultivation, exploitation and con-
servation of medicinal and ornamental plants (Mohamed 
et al. 2007; Bhagat 2011; Imam et al. 2013; Chandana 
et al. 2018; Fallah et al. 2019). Some studies have suc-
cessfully propagated A. calamus through tissue culture 
technique, but there is some difference between them in 
the proper combination of the plant growth regulators 
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(Hettiarachchi et al. 1997; Rani et al. 2000; Anu et al. 
2001; Ahmed et al. 2007; Altaf et al. 2010; Sandhyarani 
et al. 2011; Devi et al. 2012; Verma and Singh 2012; Dixit 
et al. 2014; Babar et al. 2020). It seems that one of the 
reasons for these differences is due to the geographical 
distribution of the studied populations. Based on a review 
of scientific literature, no information is available on 
the micropropagation of A. calamus using native plants 
of Iran. This study was conducted to prepare a suitable 
protocol for micropropagation of this plant using tissue 
culture technique on plant samples of three populations 
and, selecting the appropriate population for large-scale 
cultivation and conservation purposes in Iran.

Materials and Methods

Plant materials and sterilization
Fresh plant materials (rhizomes, roots, and leaves) of three 
populations of A. calamus were collected from Arzefon, 
Pelesk, and Alandan (Sari- Mazandaran- North of Iran) 
ponds (Table 1). Herbarium vouchers are deposited in 
Sari Payame Noor University Herbarium (SPNH). The 
samples were cleaned and thoroughly washed in running 
tap water. The 0.5-1.5 cm segments of root, rhizome, and 
leaf were cut. All samples were washed in liquid detergent 

for 5 min. The explants were then washed several times 
in tap water, followed by washing with distilled water to 
remove detergent traces. Samples were sterilized with 
ethanol 70% for 3 min. Due to the fungal infection of 
rhizomes of this plant, we treated the rhizome explants 
in mercuric chloride solution (HgCl2) 0.1% (w/v) for 15 
min. Again, the explants were thoroughly washed several 
times in autoclaved distilled water.

Establishment of culture
In callus induction experiment, root, leaf and rhizome 
explants were cultured in MS medium supplemented 
with 0.5, 1 and 2 mg/l α-naphthalene acetic acid (NAA). 
In direct plant regeneration experiment, the explants 
were incubated on MS medium supplemented with four 
combined treatments of 1-2 mg/l 6-benzylaminopurine 
(BAP) and 0.5-1 mg/l α-naphthalene acetic acid (NAA) 
(Table 2). In both experiments; callus induction and direct 
plant regeneration, control samples were incubated on 
MS medium without any plant growth regulator. The 
experiments were performed in a completely random-
ized block design with 3 replications, and 3-4 explants 
were incubated in each replication. The cultures were 
incubated in a growth chamber at 25 ± 2 °C temperature, 
16 hours' photoperiod, and 75-85% humidity for 15 days. 
The time it takes for bud break of each explant, the num-

No. Locality/Time/Height/Collector Voucher number

1 Iran, Mazandaran, Sari, Arzefon village, Malepeshte Ab-bandan / 03. 11. 2017 / 331 m / Gholipour A SPNH-5919

2 Iran, Mazandaran, Sari, Shahid Rajaii dam road, Pelesk village, Ab-bandane Pelesk / 05.  07. 2018 / 660 m / Gholipour A SPNH-5991

3 Iran, Mazandaran, Sari to Kiasar road, before Kiasar, Alandan, Ab-bandane Alandan / 09. 06. 2018 / 1350 m / Gholipour A SPNH-5997

Table 1. Localities and vouchers information of the studied populations of A. calamus.

Mean days for
bud break

Grown explants
percentage (%)

Mean number of
regenerated plantlets

Average length of
plantlets (cm)

Populations Arzefon Pelesk Alandan Arzefon Pelesk Alandan Arzefon Pelesk Alandan Arzefon Pelesk Alandan

Treatments

Control 15 ±
0.35

7 ±
0.175

13 16.6 16.6 8.3 0.5 0.5 0.25 1 ±
0.062

2.5 ±
0.125

1.5

BAP 1 mg/l +
NAA 0.5 mg/l

2.5 ±
0.01

2.87 ±
0.01

4.25 ±
0.04

58.3 66.6 66.6 1.75 ±
0.25

2 3 ±
0.57

3.62 ±
0.31

4.81 ±
0.18

6.64 ±
1

BAP 1 mg/l +
NAA 1 mg/l

3.5 ±
0.016

3 ±
0.02

3.06 ±
0.01

75 58.3 91.6 2.25 ±
0.25

1.75 ±
0.25

3.75 ±
0.85

4.95 ±
0.21

3.87 ±
0.23

12.06 ±
0.32

BAP 2 mg/l +
NAA 0.5 mg/l

3.25 ±
0.02

5 ±
0.026

7.6 ±
0.44

66.6 83.3 25 2 ±
0.40

2.5 ±
0.28

1.5 ±
0.95

0.56 ± 0.15 3.12 ±
0.46

11.5 ±
0.03

BAP 2 mg/l +
NAA 1 mg/l

2.75 ±
0.007

3.5 ±
0.036

4 ±
0.023

66.6 75 83.3 2 ±
0.40

2.25 ±
0.25

3.5 ±
0.28

0.31 ±
0.06

3.31 ±
0.23

8.25 ±
0.32

Table 2. The effect of different plant growth regulators treatments on plant regeneration of rhizome explants in three Iranian populations of A. 
calamus (15 days after cultures). Values are mean ± standard error; all values are averaged except growing explant percentage.
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ber of grown explants, the number of plants regenerated 
per culture, and the length of regenerated plantlets were 
recorded after 15 days of culture.

Root induction
The regenerated plantlets (about 5-7 cm) were aseptically 
transferred to rooting medium containing MS medium 
supplemented with 0.5 and 1 mg/l indole-3-butyric acid 
(IBA). The cultures were incubated in the growth cham-
ber under the same conditions as the plant regeneration 
experiment. After 21 days, the number and the length of 
the initiated roots were measured per culture.

Evaluation of Biomass performance
The weight of 12 well-developed rooted plantlets from 
each population were measured, then planted in pots 
containing an autoclaved mixture of soil and sand (3:1). 
The pots, after being acclimatized were transferred to the 
greenhouse, and maintained in the same condition. After 
30 days, all plantlets were removed from the pots, washed 
thoroughly with tap water and the weight of each plantlet 
in each population was measured. Finally, all plantlets 
were planted in the field of Sari Payame Noor University.

Data analysis
In direct plant regeneration experiment, mean time of bud 
break, the percentage of grown explants, mean number 
and mean length of regenerated plantlets in each treatment 
were calculated in cultures of each population. In rooting 
induction culture, mean number of initiated roots, the 
percentage of root formation and mean length of root in 
each treatment were calculated for plant samples of each 
population. The plantlets survival rate and mean total 
final plantlets weight per population were calculated for 
viability and biomass yield evaluation. Analysis of variance 
(ANOVA) and Duncan multiple range test were performed 
at the 5% level of significance using SPSS ver. 19 software 
(IBM 2010) for data analysis of plant regeneration, root 
induction and biomass performance.

RESULTS

Callus induction and plant regeneration
Callus induction and indirect plant regeneration of sweet 
flag were not successful in leaf and root explants. Plant 
regeneration occurred only in the rhizome explants, while 
no callus was produced in its different treatments. The 
results of direct plant regeneration treatments of three 
Iranian populations of A. calamus samples are presented 
in Table 2. Regeneration of plantlets occurred in all treat-
ments, but various responses to different concentrations 
of plant growth regulators were observed in explants 
of three populations. The lowest mean time of explant 
bud break (2.5 ± 0.01 days) was found in 1 mg/l BAP in 
combination with 0.5 mg/l NAA treatment of Arzefon 
population, while the highest one (15 ± 0.35 days) was 
observed in control treatment of this population. Based 
on the analysis of variance (ANOVA), there was no sig-
nificant difference (Sig = 0.439) between the mean time 
of explant bud break in different treatments of three 
studied populations. As a result, different combinations 
of plant growth regulators have relatively similar effects 
on explant bud breaking time for plant regeneration. In 
all treatments, except control treatments and 2 mg/l BAP 
in combination with 0.5 mg/l NAA treatment of Alandan 
population, the first explant began to grow after 2 days.

The maximum percentage of grown explant (91.6%) 
was observed in 1 mg/l BAP combined with 1 mgl-1 NAA 
treatment of Alandan population and the least one (8.3%) 
was observed in control treatment of this population. 
Analysis of variance showed that there was a significant 
difference at 5% level in the grown explant percentage 
between populations (Sig = 0.011). Duncan's multiple 
range tests showed that there was a significant difference 
(Sig = 0.012) between Alandan and Pelesk populations 
plant samples in terms of grown explants percentage in 
1 mg/l BAP in combination with 1 mg/l NAA treatment 
and 2 mg/l BAP combined with 0.5 mg/l NAA treatment.

The highest mean number of the regenerated plantlet 
(3.75 ± 0.85) was found in 1 mg/l BAP in combination 
with 1 mg/l NAA treatment of Alandan population plant 
samples and the least one (0.5) was observed in control 
treatment of this population (Fig. 1A). In this investiga-

Mean number of roots Root formation (%) Average length of roots (cm)
Populations Arzefon Pelesk Alandan Arzefon Pelesk Alandan Arzefon Pelesk Alandan

Treatments

IBA 0.5 mg/l 1.6 ± 0.26 3 ± 0.09 5 ± 0.09 33.3 100 100 1.25 ± 0.02 3 ± 0.06 2.5 ± 0.06

IBA 1 mg/l 2 ± 0.15 2.3 ± 0.05 6.6 ± 0.1 66.6 100 100 0.5 ± 0.01 1.75 ± 0.06 3.75 ± 0.04

Table 3. The effects of IBA at different concentrations on the plantlets root production of three Iranian populations of A. calamus (21 days after 
cultures). Values are mean ± standard error.
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tion, the maximum number of regenerated plantlets (15) 
was found in 1 mg/l BAP and NAA treatment of Alandan 
population culture, and the maximum number of plant-
lets per explant (4 plantlets) was produced in an explant 
of Alandan population. Analysis of variance indicated 
that there was a significant difference at 5% level for the 
mean number of the regenerated plantlets between dif-
ferent populations (Sig = 0.016). Duncan multiple range 
test showed that there was a significant difference (Sig 
= 0.017) between Alandan and Pelesk, and Alandan and 
Arzefon populations cultures (Sig = 0.020) in terms of 
mean number of regenerated plantlets.

The highest average length of regenerated plantlets 
(12.06 ± 0.32 cm) was found in 1 mg/l BAP in combination 
with 1 mg/l NAA treatment of Alandan population after 
15 days. There was a significant difference in the mean 
length of the regenerated plantlets between Alandan with 
Arzefon and Pelesk populations (Sig = 0.001). In contrast, 
no significant difference was observed between Arzefon 
and Pelesk populations plant samples (Sig = 0.40) in 1 
mg/l BAP in combination with 1 mg/l NAA and 1 mg/l 
BAP combined with 0.5 mg/l NAA treatments.

Rooting of regenerated plants
The effects of different concentrations of IBA on root 
induction of the studied populations were presented in 
Table 3. In the control medium, no roots were developed. 
The percentage of root formation was recorded 100% 
in two treatments of Alandan and Pelesk population 
plantlets, while the lowest one (33.3%) was observed in 
0.5 mg/l IBA treatment of Arzefon population plantlets. 
The maximum mean number of the developed root (6.6 
± 0.1) and the highest mean length of root (3.75 ± 0.04 
cm) were observed in 1 mg/l IBA treatment of Alandan 
population plantlets (Fig. 1B). Based on the analysis of 
variance, there was a significant difference in terms of 
the mean number of produced roots (Sig = 0.005) and the 
mean length of roots (Sig = 0.01) between three popula-
tions plantlets. As a result, different growth regulator 
treatments had different effects on root production in 
regenerated plantlets of different populations.

Viability rate and biomass performance
All rooted plantlets of Arzefon and Pelesk populations 
grew in the greenhouse, while the survival rate was 83% 
in Alandan population plantlets (Table 4). Analysis of 
variance on biomass yield of the three studied populations 
showed a significant difference between the populations 
(Sig = 0.000). Duncan's multiple range tests showed that 
there was a significant difference (Sig = 0.017) between 
Pelesk with Alandan and Arzefon populations, and there 
was no significant difference between Arzefon and Alan-
dan populations (Sig = 0.061). As a result, the plantlets of 
Pelesk population, with about 400% increase in biomass 
after 30 days, showed better performance compared to 
other populations plantlets (Fig. 1C).

Populations Viability (%) Primary total weight (g) Final total weight (g) Average fi nal total weight (g)

Arzefon 100 22.35 55.25 4.6 ± 0.01a

Pelesk 100 22.5 102.3 8.5 ± 0.13b

Alandan 83.3 22.30 52.5 4.37 ± 0.19a

Table 4. Variation of viability and biomass production of plantlets in three Iranian populations of A. calamus (after 30 days).

Figure 1. Micropropagation of plant samples of Iranian populations of 
A. calamus from rhizome explants. A: Regenerated plantlets of Alandan 
population from 1 mg/l BAP + 1 mg/l NAA treatment. B: Root induction 
in 1 mg/l IBA treatment of Alandan population plantlet. C: Plantlets of 
Pelesk population in greenhouse. D: Developed regenerated plantlets 
of Arzefon, Pelesk and Alandan populations planted in the fi eld.
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Discussion

To achieve an effective micropropagation protocol and 
determine the appropriate population, the tissue culture 
of plant samples of three populations of A. calamus was 
performed for the first time in Iran. As other studies 
have reported (Rani et al. 2000; Ahmed et al. 2007; 
Sandhyarani et al. 2011; Verma and Singh 2012; Dixit et 
al. 2014), fungal contamination of the culture medium 
was the most important problem in this study. In accor-
dance with some studies, callus formation and indirect 
plant regeneration using rhizome, leaf and root explants 
at different concentrations of plant growth regulators 
were not successful (Rani et al. 2000; Ahmed et al. 2007; 
Sandhyarani et al. 2011; Verma and Singh 2012). Dixit 
et al. (2014) reported regeneration of this plant using 
leaf explant in combined treatment of BA and NAA (2.5 
mg/l + 1 mg/l). According to this study, only the lowest 
basal part of the leaf was effective in plant regeneration 
and the rest part of leaf was not useful. It seems that the 
small buds at the base of the leaf were probably effective 
in regenerating the plant.

The results of the present research, like previous 
studies, showed that rhizome is suitable organ for mi-
cropropagation of sweet flag (Hettiarachchi et al. 1997; 
Rani et al. 2000; Ahmed et al. 2007; Sandhyarani et al. 
2011; Verma and Singh, 2012; Dixit et al. 2014). Various 
plant growth regulators, including cytokinins (Kin and 
BAP) and auxins (IBA, IAA, and NAA), have been used 
alone or in combination for callus induction, plant regen-
eration, and root formation in this plant. The results of 
the present study, as in other studies, showed that BAP 
(among the cytokinins) and IBA and NAA (among the 
auxins) are the most suitable plant growth regulators for 
A. calamus micropropagation (Rani et al. 2000; Ahmed et 
al. 2007; Sandhyarani et al. 2011; Verma and Singh, 2012; 
Dixit et al. 2014).

1 mg/l BAP and NAA treatment is the most suitable 
treatment in comparison with other treatments, in direct 
plant regeneration of Iranian populations of sweet flag. 
In the study of Hettiarachchi et al. (1997), the combined 
treatment of 0.5 mg/l BAP with 0.2 mg/l NAA showed 
the best performance in plant regeneration. On the other 
hand, the highest number of regenerated plants was 
found in combined treatment of BAP and NAA (Anu et 
al. 2001). The maximum number of regenerated plants 
was observed in combined treatment of BAP and NAA (2 
mg/l and 0.5 mg/l) (Ahmed et al. 2007; Verma and Singh 
2012). The maximum number of proliferated shoots was 
observed in MS medium supplemented with 4 mg/l BAP 
and 0.5 mg/l IAA (Rani et al. 2000). The results of the 
present study are in accordance with other studies in 
terms of the type of plant growth regulators (BAP and 

NAA), but there are differences in the concentration of 
plant growth regulators (Hettiarachchi et al. 1997; Anu 
et al. 2001; Ahmed et al. 2007; Verma and Singh, 2012). 
Since most of the mentioned studies have been done on 
plant samples of Indian populations, one of the possible 
reasons for this discrepancy is related to the geographi-
cal distribution differences of the studied populations.

The regenerated plantlets of Arzefon, Pelesk, and Al-
andan populations showed different responses in rooting 
treatments. The plantlets of Alandan population, with the 
highest mean number (6.6 ± 0.1) and average length of 
root (3.75 ± 0.04 cm) in 1 mg/l IBA treatment, showed the 
best performance among root induction treatments. The 
results of this study are completely in accordance with 
the studies of Ahmed et al. (2007), Altaf et al. (2010) and 
Verma and Singh (2012) in terms of type and concentra-
tion of plant growth regulators. The maximum number 
of the roots was observed in 9.8 µM concentration of 
IBA (Anu et al. 2001), and 2 mg/l IBA (Sandhyarani et al. 
2011). Based on the results of this study, Alandan popula-
tion plantlets showed better response in root induction 
experiment than other populations.

The regenerated plantlets of Iranian populations 
showed significant viability in the greenhouse. Plants 
of Arzefon and Pelesk populations had 100% viability, 
whereas plant samples of Alandan showed 83% viability. 
On the other hand, all the plantlets transferred to the field 
also survived until the end of growing season (Fig. 1D). 
The rooted plants showed about 90-95% viability in the 
greenhouse (Rani et al. 2000; Anu et al. 2001; Altaf et al. 
2010), while Verma and Singh (2012) reported that about 
75% of the plants survived in the field. In terms of survival 
rate of the regenerated plantlets in greenhouse and field, 
the results of this study are in accordance with some of 
the findings. According to the results of this study, plants 
of Alandan population of A. calamus are recommended 
for micpropagation and cultivation in Iran.

Conclusion

Due to the increasing demand for A. calamus products, 
it is necessary that this rare plant be propagated and 
cultivated in Iran. Because of vegetative reproduction, 
and no seed production in the Iranian wild populations 
of the species, the providing of plantlets for planting in 
suitable season is a great problem in the cultivation of 
this plant. This study presented an efficient protocol for 
sweet flag micropropagation to providing large-scale 
plantlets without any time limitation, and suggested plants 
of Alandan population of A. calamus as suitable accession 
for cultivation in Iran. This protocol can also be used for 
the conservation purposes of this plant.
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