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Enhanced Zingiber officinale Shoot Multiplication in Liquid Culture
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Abstract. An efficient method of micropropagation of ginger (Zingiber officinale) that can produce 19-fold increase in
plantlets after every 12 weeks from a single shoot tip has been developed. Among the various growth regulators used, a
combination of 17.6 uM 6-benzylaminopurine (BA) with 2.46 uM indole butyric acid (IBA), 0.94 uM kinetin (Kin)
and/or 11.42 uM indole-3-acetic acid (IAA), with half and three quarter strength of Murashige and Skoog (MS) medium
proved as the best for morphogenesis. An appropriate combination of cytokinin and auxin gives better results as com-
pared to cytokinin or auxin alone. In addition to the chemical composition of the medium, its physical form can influence
the growth pattern and the multiplication rate of cultures. The liquid phase enhanced effectivity of media in case of shoot
multiplication. It was also noted that shoot number increased due to “agitation” factor. All the regenerated shoots had
functional roots in the same media of shoot multiplication.
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Introduction

Ginger (Zingiber officinale) is one of the oldest and widely
used spices. It is esteemed for its aroma, flavour and pun-
gency. It is an indispensable ingredient of continental dishes
and is used in food processing, confectionary and beverage
industries.

It is a vegetatively propagated crop. The multiplication rate
is very slow. In a growing season (8-10 months), only 10-15
lateral buds are produced (Bhagyalakshmi and Singh, 1988).
The ginger crop is also susceptible to many diseases i.e.
Rhizome-rot disease caused by many species of Pythium and
the Ginger Yellows caused by Fusarium oxysporum f. sp.
zingiberi, which results in heavy losses. Conventional method
of propagation (by rhizome sections) favours the spread of
diseases. Nearly 87% of the field infection of ginger is trans-
mitted through infected rhizomes (Dohroo, 1989). Because
of it, selection and rapid multiplication of high yielding and
locally adapted varieties, having preferred rhizome charac-
ters, can solve many of the problems faced by the ginger
SIOWers.

The clonal propagation of ginger was successfully under-
taken by inducing growth in axillary and apical buds as re-
ported by earliers (Nadgauda et al., 1980; Hosoki and Sagawa,
1977), shoot tips (Hoque et al., 1999; Inden et al., 1988; Sato
et al., 1987; Sakamura et al., 1986; Pillai and Kumar, 1982),
meristem (Bhagyalakshmi and Singh, 1988), leafy aerial
pseudostem and decapitated crown sections (Ikeda and
Tanabe, 1989), stem discs and axillary buds (Noguchi and
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Yamakawa, 1988a; 1988b), active buds (Sharma and Singh,
1997) and terminal buds (Prathanturarug et al., 2004) in vitro.

It is highly desirable to develop a method for the production
of healthy clones with high multiplication rates. Plant rege-
neration via organogenesis was reported by Malamug et al.
(1991), and rapid clonal multiplication of ginger through
shoot induction had been worked out by Hosoki and Sagawa
(1977). A maximum of six shoots per culture were obtained in
4 weeks, Nadgauda et al. (1980), also obtained similar results
by culturing large bud explants of local variety. The objective
of this study was to investigate rapid in vitro propagation
technique.

Materials and Methods

The rhizomes of Zingiber officinale Rosc. were procured from
local market and thoroughly washed with ample running tap
water, wrapped in newspaper sheets and kept them in a dry
closet. Within a week the quiescent buds sprouted. Bud stubs
(7-8 mm) were sliced, collected and dipped for 5 min in di-
luted 1:1 commercial bleach, and washed thoroughly with
sterile distilled water. Further sterilization was carried out in
laminar airflow cabinet. Explants were treated with 0.1%
mercuric chloride for 15 min and continuously swirled. Then
explants were washed three times with sterile double distilled
water. Using a sterilized sharp scalpel the explants were
retrimmed and transferred to MS culture medium (Murashige
and Skoog, 1962), gelled with 0.8% agar, and no growth regu-
lator. When the buds grew into 10-15 mm shoots, they were
aseptically dissected under dissecting microscope to cut away
0.1-0.5 mm size apical meristematic dome with one or two
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leaf primordia. Eventually, they were placed on the meristesm
culture media described by Bhagyalakshmi and Singh (1988).
For multiple shoot formation the shoots obtained from mer-
istems were subcultured on the media mentioned in Table 1.
In this experiment effect of mode of culturing was also deter-
mined. So, the explants were shaken in liquid state on gyra-
tory shaker at 80 rpm or kept static, on the media gelled with
0.8% agar. In all the cases the pH of the media was adjusted
5.8 prior to autoclaving for 15 min at 15 b psi. The cultures
were maintained at 25+2 °C under 16 h photoperiod main-
tained with cool white fluorescent light of 2000-4000 Lux in-
tensity. The shoots obtained from meristems were subcul-
tured once again on meristem culture media (Bhagyalakshmi
and Singh, 1988), to allow further development and then trans-
ferred to shoot multiplication media (Table 1). The first sub-
culture was after five weeks and subsequent ones at three
weeks interval. The number and lengths of shoots were recor-
ded. Plantlets with well-developed roots were thoroughly
washed in running tap water to remove adhering medium and
transplanted to the pots containing mixture of sand and soil
in equal proportions. The potted plants were covered with
polyethylene bags to maintain humidity. The plantlets were
regularly irrigated with 2 MS and/or Hoagland solution
(Hoagland and Arnon, 1950). After hardening plants were
shifted to the green house.

Results and Discussion

A combination of growth regulators 17.6 uM benzylamino-
purine (BA) with 2.46 uM indol butyric acid (IBA), 0.94 uM
kinetin (Kin) and or 11.42 uM indole-3-acetic acid (IAA)
proved to be the best for morphogenesis. The present study
utilized tissue culture techniques with a possibility of obtain-
ing more than 19-fold increase in shoot production every
8-12 weeks. A combination of BA and Kin has been recom-
mended for ginger bud cultures (Nadgauda et al., 1980;
Hosoki and Sagawa, 1977). Different chemical addenda such
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as activated charcoal, ascorbic acid, adenine sulphate, and
MS salts reduced to % or % level and a defined ratio of cyto-
kinin and auxin were required for the present study. The com-
bination of 17.6 uM BA, 2.46 uM IBA and 0.94 yM Kin with
% MS medium in M, and My media (Table 1), was found
optimum for sustained multiplication of ginger cultures. Rout
et al. (1995) achieved in vitro shoot multiplication of turmeric
with 4-fold increase with a combination of 17.75 uM BA with
5.70 uM IAA. In this study, 17.6 uM BA with 11.42 uM JAA
also proved better and yielded up to 17-fold increase in shoot
multiplication (Fig. 1). Presence of BA in the medium was
pivotal for enhancing the number of shoots per culture. As
the concentration of BA increased from 8.8 uM to 17.6 uM,
it also doubled (Table 1), irrespective of the physical condi-
tion of the medium. In contrary, when the concentration of
BA increased to 22.9 uM in the absence of other growth
regulators, the shoot number reduced to half as compared
to those in M, to My media, where the concentration of BA
was 17.6 uM (Table 1). Bhagyalakshmi and Singh (1988) also
reported about their study on ginger where average shoot
count was reduced by lowering the Kin concentration.

The present study also showed that 2.46 uM IBA 17.6 uM
BA +0.94 uM Kin in M,, M, and M, media (Table 1), found
to be an effective auxin and cytokinin combination for multi-
plication of shoots (Table 2). When BA was reduced to 8.8 uM
(Table 1) and used alone or with 2.46 uM IBA, the number of
shoots was less (Table 2). This shows an appropriate combi-
nation of cytokinin and auxin gives better results as compa-
red to auxin or cytokinin alone. Sharma and Singh (1995) also
obtained a good combination of 4.44 uM BA and 0.27 uM
IAA for shoot proliferation in ginger.

In addition to the chemical composition of the medium, its
physical form can influence the growth pattern and the multi-
plication rate of cultures (Table 2). As far as physical condi-
tion of the media is concerned, liquid phase enhanced effec-

Table 1. Modified MS media showing details of growth regulators, organic adjuvant and antioxidant

Media MS Growth regulators (uM) Adenine sulfate Ascorbic acid Activated charcoal
code strength BA IBA IAA Kin (M) (g/) (g/)
"M, 3/4 8.8 2.46 - 0.47 205 0.1 2.0
M, 3/4 8.8 2.46 - 0.94 205 0.1 0.1
M, 3/4 17.6 2.46 - 0.94 205 0.1 0.2
M, 172 17.6 2.46 - 0.94 205 0.1 0.2
M; 1/2 17.6 2.46 - 0.94 205 0.1 -
Mg 3/4 17.6 - 11.42 - 205 - -
M, 3/4 229 - - - - - -

BA = benzylaminiopurine; IBA = indole butyric acid; IAA = indole-3-acetic acid; Kin = kinetin
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Fig. 1. Multiple shoot formation on medium supplemen-
ted with 11.42 uM IAA and 17.6 pM BA after 8
weeks.

tivity of the media in case of shoot multiplication. Sharma
and Singh (1995), reported that liquid medium being more
effective than solid medium for Zingiber officinale and pro-
duced highest number of shoots. The data recorded during
the present study for shoot multiplication in liquid phase was
also promising as compared to that in solid phase (Table 2).
In case of media M, and M,, there was no significant shoot
multiplication on solid (S) media. Whereas, significant dif-
ference of shoot number was observed in static liquid (SL)
media (Table 2). In M, medium shoot number was more i.e.
8+1.08 as compared to that in M, i.e. 4+0.70. It was also
noted that shoot number increased due to agitation factor.
Average shoot count in M, and M; was more in SL phase.
Thus, it was concluded that besides physical condition,
influence of chemical constituents remains significant as
ever. However, in all the media employed, the average shoot
count was less in solid culture media. The findings of
Bhagyalakshami and Singh (1988) were otherwise i.e. solid
media being suitable for micropropagation of ginger. There
was no significant difference in composition of M, and M;
media. M; lacked activated charcoal too. It was observed that
the shoots produced in M, were more shiny and glossy as
compared to that in My medium. This may be due to antioxi-
dant activity of activated charcoal that adsorbed the phenolic
discharge of the culture. Adenine sulphate, a vitamin known
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Table 2. Effect of growth regulators, other addenda and
physical condition of the media on shoot multiplication and
shoot length of the in vitro ginger

Media  Physical Number of shoots Shoot length
code condition  per culture cmt S.E
SL 8.33 £1.08 13.00+0.07
M, AL 6.66 +2.26 10.66 £ 0.81
S 3.00 £ 141 9.33 +£1.08
SL 4.00+£0.70 8.66 + 1.08
M, AL 5.00 £ 1.41 9.66 £ 1.47
S 3.33+£0.40 6.33 £1.08
SL 12.66 £ 1.47 12 £0.40
M, AL 14.00 £ 0.70 12.33+£0.40
S 9.00+1.22 11.66+2.16
SL 15.66 £ 1.08 10.33+£0.40
M, AL 18.00 £ 0.70 12:33 +1.77
S 14.00 £2.54 10.00+1.41
SL 14.00 = 4.94 11.33+0.40
M; AL 19.66 + 4.49 11.66 +0.40
S 15.66 + 1.08 1233 £1.97
SL 14.00 + 4.35 12.00+0.70
M AL 17.66 £ 6.01 11.33+£1.08
S 7.00 £0.70 9.66 £ 0.40
SL 9.33+£0.40 12.66 £ 0.40
M, AL 8.33 £1.63 13.00+£0.70
S 7.66 £ 1.47 11.00 £ 1.41

SL = static liquid; AL = agitated liquid; S = solid

to act as a cytokinin, was added to promote shoot formation.
It is also reported to enhance embryogenesis (Halperin and
Wetherell, 1964). Ascorbic acid was added as antioxidant.

There is slight variation in shoot length (Table 2). In M,, M,,
M, and M, solid media shoot lengths are short, may be due
to composition of media, as in M5 medium the case is other-
wise and in M,, shoot length in solid medium is same as in
agitated liquid (AL) medium. In some cases, the shoots pro-
duced on AL and SL media were vitrified and did not with-
stand survival on transference to soil. All the regenerated
shoots had functional roots. But in M, and M;s media, root
growth was vigorous. This may be due to low salt concentra-
tion. In M, media, roots were less as compared to those in the
rest of the media. The previous studies conveyed that roots
were produced irrespective of the presence of BA in culture
media but roots were of the root hair type (Malamug e? al.,
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1991). The meristem-derived ginger plants showed no varia-
tion in phenotype and productivity an essential requirement
in micropropagation.

The present work confirmed that in vitro propagation of
ginger, can be effectively geared to multiple folds in AL
media containing an appropriate combination of cytokinin
and auxin; a reduced level of sucrose as a carbon source and
an adequate application of antioxidants. This efficient method
of micropropagation may provide opportunities for the
production of rhizomes as vegetative seed source under
controlled conditions.
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