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Abstract: In vitro microthizome was successfully produced in Curcuma zedoaria-a valuable but critically
threatened medicinal plant. Ten to twelve weeks old in vitro multiplied shoots were cultured in MS medium
supplemented with different level of BAP and NAA. Effect of different carbon sources has also been evaluated.
Microrhizome formation started within 7-9 weeks of culture. The best result was obtained in 4.0 mg 1.7 BAP
along with 6% sucrose in terms of frequency and number of thizome. Around 4 microrhizomes with an average
weight of 2.5 g were harvested after 11-12 weeks. Microrluzomes were readily germinated in the growth regulator
free MS medium. With the best of our knowledge this 15 the first report on in vitro microrhizome production in

Curcuma zedoaria.
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INTRODUCTION

Curcuma zedoaria (Christm. ) Roscoe
(Zingiberaceae), also known as ‘zedoary’ is a perenmal
herb with fleshy and branching rhizomes. The species 1s
native to Bangladesh, India and some other South East
Asian countries (Maciel and Criley, 2003). Tt has
traditionally been used as spice, tonic and perfume for
centuries in these regions. The constituents of Curcuma
zedoaria thizome oil has been investigated extensively
and recognized as a rich source of terpenoids (Haque and
Rashid, 1973, Shibuya et al,, 1986; Liu, 1996). Many herbal
drugs derived from this plant have attracted attention
because of their anti-inflammatory (Yoshioka et al., 1998),
antihepatotoxic (Matsuda et al., 1998), newoprotective
(Sasaki et al., 2002) antimicrobial and antimutagenic
activity against benzo(a)pyrene-induced mutations m the
Salmonella/microsomal system (Syu et al, 1998) and
cytotoxic effect against human ovarian cancer cells
(Syu et @l ,1998). Zedoary not only mnhibits cancer but
also helps to prevent leukopemia due to cancer therapies
(Minyi, 1992). Zedoary rhizome is a rich source of easily
digestible starch which is used for the preparation of baby
foods. Beautiful inflorescence and luxurious foliage that
has an immense commercial value in floriculture (Maciel
and Criley, 2003). Like many other medicinal plants,

injudicious use together with habitat destruction has

critically threatened C. zedoaria, especially m the densely
populated non hilly areas of plain and plateau lands of
Bangladesh and India where agricultural activities is more
intensive. The decreasing number of natural populations
and the rapid fragmentation of natural habitats have
a severe impact on genetic diversity of the genus
Curcuma (Paisookasantivatana et al., 2001). Accordingly,
C. zedoaria 13 now considered as a critically threatened
species in Bangladesh (Islam et al, 2005) and mn India
(Chhetri et al., 2005).

In vitro culture techmiques provide an alternative
means of propagation and a tool for crop improvement.
Advanced biotechnological methods of culturing plant
cells and tissues would provide new means of conserving
and rapidly propagating valuable, rare and endangered
medicinal plants (Nalawade et al., 2003). Conventionally,
zedoary rhizomes are used planting material which
encounter several disadvantages such as: low
multiplication rate by rhizome separation method
(annually 13 5-10-fold), requirement of large amount of
rhizome for propagation in the next season (10-20%) and
senescence and degeneration due to intrinsic pathogens
and disease incidence in field and storage. These common
disadvantages encourage scientist to develop in vitro
microrhizome in zingibers. Even though micropropagated
plantlets overcome some of these, application of in vitro
microrthizomes have a munber of advantages over in vitro
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multiplied plantlets. Microrhizomes can be planted directly
n the so1l without acclimatization. Storage and transport
of microrhizomes are also easier, facilitating germplasm
exchange across national borders. Besides these, in vitro
microrthizome can be a useful tool to understand the
fundamental physiological mechanism of rhizome
development. Moreover, transgene expression in rhizome
can be studied ir vitro using the system. There are few
reports are available on micropropagation of C. zedoaria
(Bharalee et al., 2005; Loc et al., 2005). Reports are
available on successful mduction of micrerhizome in
C. aromatica (Nayak, 2000), turmeric (Shirgukar et al.,
2001}, Curcuma amada (Nayak, 2002), Zinger (Rout et al.,
2001, Zheng et af, 2008), Zingiber cassumunar
(Chirangini and Sharma, 2005). However, with the best of
our knowledge, no reports have been published on the
induction of microrhizome of C. zedoaria. In this study, a
simple protocol has been described for inm vitro
microrhizome production 1 C. zedoaria.

MATERIALS AND METHODS

Plant materials and culture conditions: We have

developed a protocol for rapid in wvitro shoot
multiplication of Curcuma  zedoaria in  Plant
Biotechnology  Laboratory, Rajshahi  Umversity,

Bangladesh (Alam et af., unpublished). Mature rhizomes
were collected from field grown healthy and disease-free
plants and cleaned thoroughly by repeated washings and
maintained in the laboratory for sprouting. Young buds
were used as explants for shoot multiplication. The
explants were surface sterilized with mercuric chloride and
cultured on MS medium (Murashige and Skoog, 1962)
contaimung different concentrations of TDZ for shoot
induction. The induced shoots were multiplied and
maintained by periodic subculturing on fresh nutrient
medium (Fig. 1a). For microrhizome induction, 4-6 months
old in vitro shoots were cultred in MS medium
contaiming different concentration of BAP alone or

Fig. 1: In vitro microrhizome induction in C. zedoaria (a) Twelve-week old ir vitro stock of C. zedoaria plant ready for
microrhizome induction (b) Microrhizome imtiation after 8 weeks of incubation on microrhizome induction
medium (¢, d) Development of the microthizome and (e) Harvested microrhizome after 15 weeks of culture taken

for germination
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Table 1: Effect of PGR on in vitre microrhizome induction of C. zedoaria. In all cases, MS basal medium contained 30 g ™! sucrose. Data were recorded

after 12 weeks of culture

Growth regulator Weeks to micro- In vitro microrhizome No. of microrhizome/ Weight of microrhizome/
(mg L7 rhizome induction formation (%) shoot (X +8E) shoot (g) (X + 8E)
2 89 35 1.5+£0.02 0.55+0.05
3 7-8 42 2.2+0.02 0.65+0.03
4 7-8 48 2.3+0.03 0.71+£0.06
5 8-9 40 2.1+0.04 0.60=0.03
3] 89 37 1.6£0.05 2.54+:0.04
7 9-10 30 1.2+0.03 0.42+0.05
BAP 3.0+0.5 89 37 1.2+0.05 0.37+£0.08
+ 3.04+1.0 8-9 35 1.0+0.04 0.34+0.02
NAA 4.04+0.5 89 39 1.4+£0.01 0.45+0.03
4.0+1.0 8-9 36 1.2+0.02 0.39+0.01
4.04+0.5 89 30 1.1+0.03 0.32+0.06
5.0+1.0 9-10 26 0.8+0.01 0.25+0.05
MS, 11-12 10 0.4+0.07 0.10+0.02

Table 2: Effect of PGR on in vitre microthizome induction of C. zedoaria. In addition of different saccharides, MS medium supplemented with 4.0 mg L™

BAP. Data were recorded after 12 weeks of culture

Sources of carbon (g L™1) Microrhizome induction (%)

Microrhizome No./shoot (X £ SE)

Weight of microhizome/shoot (g) (X £SE)

Commercial sugar 30 50
(L.ocal Origin) 40 52
50 55
60 58
70 60
80 05
Sucrose 30 63
(Phytotech) 40 64
50 67
60 70
70 64
80 60
Glucose 30 47
(Phytotech) 40 50
50 54
60 55
70 50
80 48
Maltose 30 46
(Phytotech) 40 18
50 50
60 51
70 52
80 50

2.3:0.02 0.90+0.03
2.4+0.03 1.0+0.05
2.9+0.02 1.240.01
2.550.04 1.540.03
3.2+0.01 1.540.03
3.0+0.02 1.7+0.04
2.8+0.03 1.7+0.04
3.4+0.03 2.0+0.04
3.8+:0.01 2.2+0.03
4.24+0.02 2.5+0.05
3.6+0.03 2.1£0.07
3.2+0.01 1.540.02
2.3£0.01 0.8+£0.02
24004 1.240.05
2.6+0.03 1.5+0.01
2.8+0.02 1.440.02
2.6+0.01 1.64:0.04
2.550.04 1.440.04
2.3£0.05 0.7+0.03
2.550.04 1.0+0.04
2.5£0.01 1.1+0.02
2.6+0.02 1.5+0.03
2.8+0.02 1.7+0.05
2.510.03 1.540.06

combined with NAA  along with different carbon sources,
such as sucrose, maltose, glucose and table sugar in
various concentrations (Table 1, 2).

In all cases, after adjusting the pH to 5.7+0.01 prior to
gelled with 0.8% agar (w/v) (BHD, England), the media
were sterilized by autoclaving at 121°C for 20 min
(1.06 kg cm™). All cultures were maintained in a growth
chamber at 25+1°C under a 16/8 h (light/dark)
photoperiod with a light intensity of 28-30 mol m ™ sec™
(supplied by cool-white fluorescent lamps).

Data recording: To test the efficiency of microrhizome
induction medium, data were collected for the followimng
parameters: percentage of cultures induced rhizome,
mumber of microrhizome per shoot and mean weight of
microrhizome. Mean end standard error was calculated for

the parameters. Each experiment contained at least 12
replications and the whole experiment was repeated three
times.

RESULTS AND DISCUSSION

Effect of PGR: BAP singly and BAP in six different
combmation with NAA were used m this experiment to
find out a sutable culture media for microrhizome
induction (Table 1). Thirty gram per litter sucrose was
used constantly in this experiment. The cultured shoots
induced microrhizome within 7-10 weeks upon culturing
on different media (Fig. 1¢). Highest frequency of rhizome
induction was recorded in 4.0 mg L.~ BAP containing
medium. The maximum number (2.32+0.03) of microrhizomes
per shoot was noticed on the same hormonal treatment.
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Increased level of BAP showed the lower percentage of
microrhizome induction. On the other hand, addition of
NAA increase neither induction rate nor the number of
microrthizome compared with the single use of BAP.
Rhizome induction in PGR-free medium is rare. The effects
of BAP as well as the NAA were tested as they were
described as effective growth regulators for the genus
Curcuma (Balachandran et al., 1990, Salvi et al., 2002,
Sunitibala et al., 2001). Present result is in agreement with
Nayak (2000) in C. aromatica, however, Shirgurkar et al.
(2001), found BAP as mhibitory to microrhizome induction
1n turmeric.

Effect of carbon sources: Four different kinds of carbon
sources viz.,, commercial sugar, sucrose, glucose and
maltose were used in different concentrations (30,
40, 50, 60, 70 and 80 g L") keeping constant BAP level
(4.0 mg L"), Among the four different kinds of carbon
sources, maximum parentage (70%) of shoot induced
microrhizome when it was cultured on 60 g T.™' sucrose
containing medium (Fig. 1¢, d), whereas maltose showed
the worst performance. From this investigation it could
concluded that sucrose was most suitable and
effective as a carbon sources and 60 g ™! concentration
with 4 mg L™' BAP was best for microhizome induction in
C. zedoaria. Being a sink organ, microrhizome formation
and growth 1s obviously mnfluenced by carbon sources.
Large body of literature support the requirement of high
sucrose level in inducing in vitro sink organ such as
potato microtuber (Alam et al., 2003) sweetpotato tuber
(Egnin et af., 2003) and zingiber microrhizomes (Sharma
and Singh, 1995; Nayak, 2000; Shirgurkar et al., 2001). In
the present study, the small difference between sucrose
and commercial table sugar offers the possibility of using
table sugar as a low cost alternative for large scale
microrthizome production, which is remained to be
explored.

Germination: Finally, the microrhizomes were transferred
to PGR-free germination medium for shoot bud induction
under aseptic conditions (Fig. 1e). About 45% rhizomes
were germinated in this condition regardless of size and
weight. Currently, we are evaluating the ex vitre
germination and survival of the germinated plantlets.

ACKNOWLEDGMENTS

We thank Mr. Tanvir-Ul-Hossain for photography
with great patience. Helpful discussion with Dr. Gour Pada
Ghosh is appreciated. SA Sharmin is supported by Prime
Minster’s Fellowship, Government of the People’s
Republic of Bangladesh. This research was financed by
the University Grants Commission, Bangladesh.

REFERENCES

Alam, MJF., N. Ahsan, M. Anisuzzaman, S. Parvez,
A M Swarazand M.R. Khan, 2003. Effect of different
kinds of carbon sources and concentrations on
in vitro tuberization in potato (Solanum tuberosum
L.) cv. diamant. Bangladesh I. Genet.
Biotechnol., 4: 45-48.

Balachandran, SM., S.R. Bhat and K.P.S. Chandel, 1990.
In vitro clonal multiplication of tuwmeric (Curcuma
spp.) and ginger (Z. officinale rosc.). Plant Cell Rep.,
8: 521-524.

Bharalee, R., A. Das and M.C. Kalita, 2005. In vitro clonal
propagation of Curcuma caesia Roxb and Curcuma
zedoaria Rose from Rhizome Bud Explants. J. Plant
Biochem. Biol., 14: 61-63.

Chhetri, D.R., D. Basnet, P.F. Chiu, S. Kalikotay, G. Chhetri
and 3. Parajuli, 2005, Cumrent status of
ethnomedicinal plants in the Darjeeling Himalaya.
Current Sci., 89: 264-268.

Chirangini, P. and G.J. Sharma, 2003. I vitro propagation
and microrhizome induction in Zingiber cassumunar
(Roxb.): An antioxidant rich medicinal plant. JFAE.,
3:139-142.

Egnin, M., L. Crawford and A. Sama, 2003. Development
of an in vitro tuberization system for sweet potato
micro-storage root formation. Abstract Congress
In Vitro Cell Dev. Biol., 39: 19-19.

Haque, S. and A. Rashid, 1973. Characterization of the
essential o1l of Curcuma zedoaria. Bangladesh
Pharm., 2: 19-23.

Islam, MLA., K. Kloppstech and E. Esch, 2005. Population
genetic diversity of Curcuma zedoaria (Christm.)
Roscoe. A conservation prioritized medicinal plant in
Bangladesh. Conserv. Genet., 6: 1027-1033.

L, 1Y, 1996. A neoplasm inhibitor from traditional
Chinese drug Curcuma zedoaria. Zhongcaoyao,
27: 572-572.

Loc, NH, D.T. Duc, T.H. Kwon and M.S. Yang, 2005.
Micropropagation of zedoary (Curcum zedoaria
Roscoe) a valuable medicinal plant. Plant Cell Tissue
Org. Cult., 81: 119-122.

Maciel, N. and R.A. Criley, 2003. Morphology growth and
flowering behavior of Curcuma zedoaria. Acta.
Hortic. (ISHS), 624: 111-116.

Matsuda, H., K. Nmomiya, T. Morkawa and
M. Yoshikawa, 1998. Inhibitory effect and action
mechanism of sesquiterpebes for zedoaria rhizome on
D-galactosamine/Lipopolysaccharide induced liver
iyjury. Bioory. Med. Chem. Lett., 8 339-344.

Minyi, C., 1992, Anticancer Medicinal Herbs. 1st Edn.,,
Human Science and Technology Publishing House,
Changsha.

1219



J. Biol. Sci., 8 (7): 1216-1220, 2008

Murashige, T. and F. Skoog, 1962. A revised medium for
rapid growth and biocassays with tobacco tissue
cultures. Plant Physiol., 15: 473-497.

Nalawade, S.M., AP. Sagare, C.Y. Lee, CL. Kac and
H.S. Tsay, 2003. Studies on tissue culture of Chinese
medicinal plant resowces in Taiwan and their
sustainable utilization. Bot. Bull. Acad. Sin., 44: 79-9%.

Nayak, 3., 2000. Ir vitro multiplication and microrhizome
induction in Curcuma aromatica salisb. J. Plant
Growth Regul., 32: 41-47.

Nayak, S., 2002. High frequency in vitre production of
microrhizomes of Curcuma amada. Indian J. Exp.
Biol,, 40: 230-232.

Paiscokasantivatana, Y., 8. Kake, H. Seko, 2001. Genetic
diversity of Curcuma alismaitfolia
(Zmgiberaceae) in Thailand as revealed by allozyme
polymorphism. Genet. Res. Crop. Evol., 48: 459-465.

Rout, GR., S.K. Palai and P. Das, 2001. Onset of in vitro
rhizogenesis response and peroxidase activity in
Zingiber officinale (Zingiberaceae). Rev. Biol. Trop.,
49: 965-971.

Salvi, N., L. Grorge and S. Hapen, 2002. Micropropagation
and field evaluation of micropropagated plants of
turmeric. Plant Cell Tiss. Org. Cult., 68: 143-151.

Sasaki, Y., H. Fushimi, H. Cao, S.Q. Cai and K. Komatsu,
2002. Sequence analysis of Chinese and Japanese
Curcum drugs on the 185 tRNA gene and tmK gene
the application of amplification refractory mutation
system analysis for their authentication. Biol. Pharm.
Bull,, 25: 1593-1599.

Gagenp.

Sharma, T.R. and B.M. Singh, 1995. I vitro microrhizome
production in Zingiber officinale Rosc. Plant Cell
Rep., 15: 274-277.

Shibuya, H., M. Yoshihara, E. Kitano, M. Nagasawa and
I. Kitagawa, 1986. Quantitative and qualitative
analysis of essential oil constituents in various
zedoaria thizomes by GC/MS. Yakugaku Zasshi.,
106: 212-216.

Shirgwkar, M., C. John and R. Nadgauda, 2001. Factor
affecting in vitro microthizome production in
turmeric. Plant Cell Tissue Org. Cult., 64: 5-11.

Sumtibala, H, M. Damayanti and G.J. Sharma, 2001.
In vitro propagation and rhizome formation in
Curuma longa Linn. Cytobios., 105: 71-82.

Syu, W.J., C.C. Shen, M.I. Don, J.C. Ou, G.H. Lee and
C.M. Sun, 1998. Cytotoxicity of curcurninoids and
some novel compounds from Curcuma zedoaria.
Nat. Prod., 61: 1531-1534,

Yoshioka, T., E. Fujii, Endo, M. Wada, Y. Tokunaga and
N. Shiba et af., 1998. Antunflammatory potency of
dehydrocurdione a zedoary- derived sesquiterpene.
Inflamm. Res., 47: 467-481.

Zheng, Y., Y. Ly, M. Ma and K. Xu, 2008. Increasing
in  vitro microrhizome production of ginger
(Zingiber officinale Roscoe).  Acta  Physiol.
Plantaruni., 30: 513-519.

1220



	JBS.pdf
	JBS.pdf
	JBS.pdf
	Page 1






