
Introduction
Ginger (Zingiber officinale Rosc.) is herbaceous,

rhizomatous, perennial, and the rhizome of which
forms one of the important spices and medicines used
by people all over the world. Cultivation of ginger and
conservation of genetic resources are threatened by
various diseases and pests. None of the existing
cultivars is resistant to these diseases and it causes heavy
crop loss. Infected rhizome bits are the primary source
of inoculum, as rhizome is the planting unit in ginger
(Nirmal Babu et al., 1992). Use of disease-free planting
materials will help to keep the spread of diseases under
control. Biotechnological tools can be used to produce
disease-free nucleus planting materials. 

Being a monocotyledonous crop, ginger does not allow
much explant diversity for micropropagation. Rhizome

buds and shoot tips, which are often used as the explant
sources, have been the responsive explants. However,
rhizome explants often carry soil-borne pathogens and
they are not available during the crop season. Therefore,
in the present study, aerial stem explants were tried for
plantlet regeneration, as a novel source. 

Tissue culture propagated plants often require
extensive hardening treatments to prevent high
mortality after transfer to ex-vitro conditions.
Biological and physiological stresses adversely affect
the successful acclimatization of tissue cultured
plants. In order to harden the micropropagated
plantlets against such stresses Trichoderma harzianum
can be used as a biological hardening agent, which
helps in better establishment and survival, and faster
growth in the hardening stage and field condition. 
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Abstract: A protocol for direct plantlet regeneration from aerial stem explants of ginger (Zingiber officinale Rosc.) has
been developed. Adventitious shoots and roots were regenerated from in planta aerial stem explants of 2 ginger varieties
viz. var. ‘Jamaica’ and var. ‘Varada’. Maximum shoot and root regeneration were observed in the cultures containing TDZ
and IBA (1:1; 1:0.1 mg L-1) in both varieties. Cultures containing TDZ alone showed poor shoot and root formation.
Histological studies revealed that the shoot initials originated from the primary thickening meristem and apical meristem,
while the root primordial originated from the primary thickening meristem present in the aerial stem. The hardening of
in vitro plants was performed with different hardening media and successful acclimatization was obtained. The hardening
medium containing soil: sand: coir dust: cow dung + 5 g Trichoderma harzianum / cup gave good result in all aspects like
survival of hardened plants, plant height, number of leaves, and chlorophyll content.
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Micropropagation of ginger using vegetative bud
explants has been reported previously (Hosoki &
Sagawa, 1977; Pillai & Kumar, 1982; Sakamura et al.,
1986; Bhagyalakshmi & Singh, 1988; Inden et al., 1988;
Balachandran et al., 1990; Choi & Kim, 1991; Choi,
1991; Dogra et al., 1994; Huang, 1995; Oliver, 1996;
Pandey et al., 1997; Sharma & Singh, 1997; Palai et al.,
1997; Tyagi et al., 1998; Devi et al., 1999; Jasrai et al.,
2000; Adaniya & Shirai, 2001; Rout et al., 2001). Nirmal
Babu et al. (1992) reported direct regeneration of
plantlets from immature inflorescence of ginger. In vitro
propagation of ginger using in vitro aerial stem
(pseudostem) explants was reported by Ikeda and
Tanabe (1989). Lincy et al. (2004) also reported multiple
shoot induction from in vitro aerial stem of ginger. 

Though biological hardening in ginger has not
been reported, Miachir et al. (2004) reported
mycorrhizal treatment (Glomus etunicatum Becger &
Gerdemann) of in vitro raised Curcuma zedoaria
(Berg.) Rosc. Biological hardening using AM fungus
(Glomus mosseae (Nicol. & Gerd.) Gerdemann) and
PGPRs (Bacillus coagulans and Trichoderma
harzianum) was reported by Jayanthi et al. (2003) in
Ficus benjamina (Miq.) Corner. 

The present study is an attempt to develop
successful and reproducible protocol for direct
regeneration of plantlet from aerial stem explants and
its successful hardening using Trichoderma
harzianum. Direct regeneration protocol in ginger is
relevant for genetic transformation, purification of
germplasm, and in germplasm exchange.

Materials and methods
Abbrreviations
AM: Apical meristem, BAP: 6-Benzyl amino

purine, IBA: Indole 3-butyric acid, NAA: α–
Naphthalene acetic acid, PTM: Primary thickening
meristem, R: Root, SB: Shoot bud, TDZ: N-Phenyl-
N-1, 2, 3-thidiazol-5’–yl-urea.

Standardization of protocol for direct
regeneration of plantlets from aerial stem

Two varieties of ginger, viz. var. ’Jamaica’ and var.
‘Varada’, were used in this study. In planta aerial stem
explants (taken from the middle portion containing the
apical meristem) collected from disease-free plants
were thoroughly washed in tap water and disinfected

by washing with 5% detergent solution (Teepol) for 20
min. Then the explants were washed in sterile distilled
water. The explants were cut into convenient sizes after
removing 3-4 leaf sheaths. The cut pieces were surface
sterilized with 0.1% HgCl2 for 10 min and rinsed 4-5
times in sterilized double distilled water, then trimmed
to 1.0-1.5 cm pieces. These explants were transferred
onto the half strength MS medium (Murashige and
Skoog, 1962) supplemented with TDZ (1.0 mg L-1),
TDZ:IBA (0.5:0.5; 1.0:0.5; 1.0:1.0 mg L-1), TDZ:BAP
(0.5:0.5 mg L-1), TDZ:IBA:BAP (1.0:0.5:1.0 mg L-1),
TDZ:IBA:GA3 (0.5:0.5:0.5 mg L-1), and TDZ:BAP:GA3
(0.5:0.5:0.5 mg L-1).

All the cultures were maintained in an air
conditioned room at 22 ± 2 °C and photoperiod
regime of 16 h light and 8 h dark with a light intensity
of 3000 lux, provided by Philips cool white fluorescent
tubes.  

The experiments were set to as a Completely
Randomized Design. Days taken for regeneration of
plantlets, percentage of explants regenerated, and the
number of shoots and roots regenerated from each
explant were recorded from 10 random culture tubes.

Shoot proliferation
In the case of the in planta aerial stem cultures, the

explants having first shoot bud initials were
transferred to liquid medium supplemented with
different concentrations of TDZ + IBA  (02:0.2,1.0:0.5
and 1.0:1.0 mg L-1) and BAP + NAA (0.2: 0.2, 1.0:0.5
and 1.0:1.0 mg L-1) and incubated on a shaker
(Cetronat) to hasten the shoot bud proliferation. Then
these cultures were again subcultured onto MS solid
medium supplemented with BAP and NAA (1.0:1.0
mg L-1).

Histological studies
Standard procedures (Johansen, 1940) were

followed to carry out histological studies. Specimens
at different developmental stages were fixed in FAA
(5 mL formalin: 5 mL glacial acetic acid: 90 mL 70%
alcohol) for 24 h, then washed under tap water for 5
h and dehydrated in an ethyl alcohol - tertiary butyl
alcohol (TBA) series. The specimens were processed
for gradual infiltration and embedded in melted
paraffin wax (56-58 °C, Qualigens, Mumbai). The
specimens were serially sectioned with ‘Ernst Leitz
Wetzlar GMBH’ (Germany) microtome at 10 μm

Enhanced adventitious shoot regeneration from aerial stem explants of ginger using TDZ and its histological studies

22



thickness and stained with Papanicolous staining
solution   (Harries hematoxyline solution, Qualigens)
for 20 min and washed in water. The slides were then
dehydrated through TBA – Xylene series.
Representative sections were photographed with an
Olympus BX 50 microscope.

Acclimatization and establishment of
regenerated plants

To standardize the best hardening medium, well
rooted plantlets of 3-4 months old were transplanted
onto different hardening media in disposable polythene
cups (250 mL). The hardening media tried in the study
were 1) coir dust, 2) coir dust + covering of plantlets
with polythene cover (25 × 15 cm and 250 gauge), 3)
coir dust + Trichoderma harzianum - 5 g/cup (CFU =
1014 g-1), 4) soil: sand: coir dust: cow dung, and 5) soil:
sand: coir dust: cow dung (sterilized): Trichoderma
harzianum - 5 g/cup. Hardening of the tissue cultured
plants was performed at room temperature and each
treatment was replicated 10 times.

Before use, soil, sand, coir dust, and cow dung
were sterilized by autoclaving at 120 °C for 1 h at 1.06
kg cm-2. 

The experiment was set as a randomized block
design (RBD). Observation on survival of plants,
plant height, number of leaves, and chlorophyll
content in leaf tissues were taken from 5 randomly
selected plants after 1 month. Standard procedures
were used for the chlorophyll estimation study
(Arnon, 1949; Witham et al., 1971). 

Results 
First shoot bud initiation from the explant was

observed in nearly 15-18 days after culturing. Root
regeneration was observed after 25-30 days of
culturing in both varieties. 

Percentage of shoot regeneration and the mean
number of shoots and roots were observed in the 2
varieties with different hormone combinations are
presented in Table 1. In all hormone combinations,
shoot regeneration was observed but the percentage
of shoot inducing cultures ranged between 70% and
100% in the var. ‘Jamaica’ and 60% and 100% in the
var. ‘Varada’ (Table 1). 
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Table 1. In vitro shoot regeneration from in planta aerial stem on MS medium fortified with different growth hormones.

Growth regulators in basal medium (mg L-1) Jamaica Varada Mean 

% of shoot No. No. % of shoot No. No. No. No.
TDZ : IBA  : BAP : GA3 inducing of of inducing of of of of

culture shoots roots culture shoots roots shoots roots

0.5   : 0.5 : 0.0   : 0.0 80 3.8 7.1 90 9.8 5.4 6.8 6.3
1.0   : 0.5 : 0.0   : 0.0 100 7.6 7.5 90 9.9 6.1 8.8 6.8
1.0   : 1.0 : 0.0   : 0.0 90 11.1 11.0 100 14.6 4.8 12.9 8.1
1.0   : 0.5 : 1.0   : 0.0 90 7.9 4 90 6.9 6.0 7.4 5.05
0.5   : 0.5 : 0.0   : 0.5 90 6.0 4.1 90 3.9 3.2 5.0 3.2
0.5   : 0.0 : 0.5   : 0.0 80 1.9 3.2 70 2.2 1.5 2.05 1.4
0.5   : 0.0 : 0.5   : 0.5 90 4.1 1.2 80 4.2 2.0 4.15 1.9
1.0   : 0.0 : 0.0   : 0.0 70 1.1 1.7 60 0.9 0.4 1.0 0.2
Mean 5.4 0.0 6.6 3.7
CD (P = 0.05) 4.5
Variety 0.99 0.69
Hormone 1.99 1.38
Variety × Hormone 2.81 1.95



Among the 8 growth hormone combinations tried,
TDZ + IBA (1:1 mg L-1) gave the maximum number
of shoots and roots in both varieties. In this medium,
the var. ‘Jamaica’ produced 8-19 shoots (with a mean
number of 11.1) and the var. ‘Varada’ produced 11-22
shoots (mean number 14.6) after 60 days of culture
(Figure 1a and 1b). In the case of root regeneration,
MS medium supplemented with TDZ + IBA (1:1 mg
L-1) was the most suitable medium in var. ‘Jamaica’. In
the var. ‘Varada’, the highest number of roots was
observed in MS medium supplemented with TDZ +
IBA (1:0.5 mg L-1) (Table 1). The effects of variety,
hormone, and variety × hormone interaction were
significant for both shoot and root regeneration. 

Cultures containing TDZ and IBA alone or in
combination with other hormones showed high
multiple shoot induction as compared to other
combinations. However, explants inoculated onto
medium supplemented with TDZ (1 mg L-1) alone
showed poor shoot and root regeneration (Table 1). 

Nature of the growth regulators affects not only the
number of shoots but also the morphology of
plantlets. Shoots regenerated form cultures containing
GA3 showed long shoots (visual observations) as
compared to other hormone combinations. 

Shoot proliferation
Since the TDZ treatments (solid media) resulted

in retarded and abnormal growth to hasten the shoot
proliferation, the in planta explants with shoot and
root initials were transferred onto liquid medium
supplemented with different concentrations of TDZ
+ IBA and BAP + NAA. Shoot proliferation started
after 7 days of culturing in the medium containing
TDZ + IBA (1.0:0.5 and 1.0:1.0 mg L-1). After 20 to 25
days, the shoots multiplied and formed a clump. The
length of the shoot buds increased considerably but
turned white in colour. The rest of the combinations
had no effect on shoot proliferation.

For further shoot and root proliferation, the
excised plantlets were transferred onto the MS solid
medium with BAP and NAA (1:1 mg L-1). These
shoots turned green after 12 days of culturing. Well-
developed plantlets could be obtained by 45 days of
culturing in this medium. Profuse rooting was also
observed (Figure 1c). No varietal variation was
observed in this case. 

Histology
The longitudinal sections of the in planta aerial

stem revealed the presence of 2 distinct regions, inner
zone and outer zone. These 2 zones contain numerous
meristamatic regions called primary thickening
meristem (PTM) (Figure 1d). 

The first change, i.e. the onset of active cell division
of PTM/apical meristem, observed after 5-10 days on
regeneration medium. Continuous meristamatic
activity in these cells resulted in the formation of
adventitious shoot primordia that ruptured the
explant surface. 

The longitudinal and transverse sections of the
multiple shoot induced aerial stem showed that the
shoots regenerated from apical meristem and PTM of
the explant (Figure 1e and 1f). The root primordia
were regenerated from the cells present in the PTM
(Figure 1g).

Acclimatization and establishment of
regenerated plants

In the case of plant survival, all the treatments
except treatment 2 (coir dust + polythene covering)
gave good result (90%–100%). Plants grown in this
treatment resulted in only 70% survival.
Micropropagated plants hardened in the treatments
containing Trichoderma harzianum showed 100%
survival as compared to other treatments. 

Among the 5 treatments, treatment 5 (soil: sand:
coir dust: cow dung + 5 g Trichoderma harzianum /
cup) gave good results in terms of plant height, the
number of leaves, and total chlorophyll content in
both varieties studied (Table 2).  Treatment 4 (soil:
sand: coir dust: cow dung) also showed good results.
Poor results were observed in treatment 2 (sterilized
coir dust + polythene covering) (Figure 1h). Through
this biological hardening method, the tissue cultured
plants could be hardened within 14 days and the
plantlets could be transferred to the field condition. 

Discussion
Shoots were regenerated directly from explants in

numerous species; plants that are conventionally
propagated adventitiously may be proliferated rapidly
in vitro using not only the conventional organs as a
source of explants, but also the other tissues not
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Figure 1. a. Multiple shoot induction from in planta explants of var. Jamaica; b.  var. Varada (1 mg L-1 TDZ + 1 mg L-1 IBA); c. Well developed
plantlets with profuse rooting (1 mg L-1 BAP + 1 mg L-1 NAA); d. Primary thickening meristem (PTM); e. Shoots regenerated from
apical meristem; f. PTM of the explant; g. Root regeneration from PTM; h. Acclimatisation of plantlets.
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normally associated with vegetative reproduction
(Meins, 1986).

In the present study, we have used aerial stem of
ginger, an unconventional explant. Genotypic
differences were observed for shoot regeneration from
this explant.  Palai et al. (2000) reported that the rate
of shoot bud regeneration varied with different
genotypes of ginger using conventional explants like
rhizome buds.

Planta aerial stem of ginger produced shoots only
in the presence of TDZ. TDZ has been shown to
exhibit stronger effect than other conventionally used
cytokinins in a wide range of species (Iram & Anis,
2007; Li et al., 2002). Effective axillary shoot
proliferation and adventitious shoot organogenesis
have been reported to be caused by TDZ (Huetteman
& Preece, 1993). TDZ may be involved in the
synthesis or in accumulation of cytokinins in plant
tissues (Capelle et al., 1983; Carvalho et al., 2000).
This may be the reason for the high multiple shoot
induction observed.

However, it was also observed that the plantlets
grown in the solid medium containing TDZ showed
stunted appearance. Even though the shoot
multiplication was observed, the plant growth was
retarded. The inhibition of shoot elongation may be
due to the high cytokinin activity of TDZ. Cytokinins

commonly stimulate shoot proliferation while
inhibiting their elongation (Huetteman & Preece,
1993). TDZ is known to inhibit shoot proliferation
especially in the solid cultures (Amutha et al., 2006).

The adverse effect of TDZ on shoot proliferation
could be manipulated by changing the medium from
solid to liquid. The subculture of the explant in the
liquid medium supplemented with TDZ or BAP
increased the organogenic potential and it helps to
improve the regeneration efficiency in Centaurium
erythrace Rafn and Phaseolus vulgaris L. (Piatczak et
al., 2005; Veltcheva & Svetleva, 2005). According to
Mohamed et al. (2006) the liquid culture changes the
physiological nature of explants. The explants are
completely submerged in the liquid medium, where
they apparently uptake nutrients and growth
hormones that favour the development of
organogenesis. Similar results were observed in the
present study.

Plantlets grown in the medium containing GA3
showed long shoots compared to the other. Arous et
al. (2001) observed that the role of GA3 in
differentiation and elongation of shoot buds is well
acknowledged and it is fundamental for the good
continuous growth of in vitro regenerated buds.
Mohamed et al. (2006) reported that medium
supplemented with GA3 in combination with IBA and
AgNO3 was suitable for shoot elongation.
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Table 2. Mean plant height, no. of leaves, and chlorophyll content of the plantlets hardened in different medium.

Plant height (cm) No. of leaves Total chlorophyll (mg)
Treatments*

Jam. Var. Mean Jam. Var. Mean Jam. Var. Mean

1 10.8 9.30 10.1 8.00 8.40 8.2 0.78 0.95 0.87
2 6.40 8.00 7.2 7.40 9.20 8.3 0.77 0.81 0.79
3 15.0 11.5 13.3 11.2 9.00 10.1 0.97 1.00 0.99
4 15.7 12.9 14.3 12.0 10.0 11 1.40 1.16 1.28
5 22.6 19.0 20.8 13.2 15.2 14.2 1.73 1.67 1.70

Mean CD (P = 0.05) 14.1 12.1 10.4 10.4 1.13 1.12
Variety 0.86 NS NS
Treatment 1.36 1.03 0.05
Variety  × Treatment NS 1.46 0.07
CV (%) 16.00 15.42 6.75



Root induction from in planta aerial stem explants
of ginger was observed only in the presence of IBA.
Bhagyalakshmi and Singh (1988) have reported that
IBA was more effective than NAA for root
regeneration in meristem culture of ginger. Successful
shoot and root regeneration using TDZ and IBA in
Stachys sieboldii Miq. and Cassia angustifolia Vahl.
were also reported (Iram & Anis, 2007; Li et al., 2002).  

The longitudinal sections of in vitro aerial stem
revealed the presence of 2 distinct regions, inner zone
and outer zone (Lincy et al., 2004). Gifford and Bayer
(1995) reported that PTM may be responsible for the
stem thickening and production of shoots and roots
in monocotyledons. Tomlinson (1969) reported that
aerial stem of monocotyledons consists of nodes and
internodes. In the present study, it was observed that
the aerial stem of ginger also involves nodes and
internodes.

In vitro adventitious shoot development from
aerial stem of ginger and ontogeny of shoot/root were
reported by Lincy et al. (2004). Mc Kinless and
Alderson (1991) reported the similar results in
Lapageria rosea Ruiz & Pav., a rhizomatous plant.
Anatomical study of in vitro shoot cultures of L. rosea
revealed the presence of axillary buds in the leaf axis
of the aerial stem and presence of vascular traces.
Adventitious shoot formation from the leaf axillary
buds of aerial stem of stressed field grown ginger plant
is also reported (Sasikumar, 2005).

Development of adventitious shoot primordial
continued under the influence of cytokinin activity
and produced multiple shoots and resulted in a rosette
appearance. A similar result was observed in
Lapageria rosea (Mc Kinless & Alderson, 1991).
Though aerial stem branching is not a general feature
in ginger, stressed ginger plants are reported to
produce adventitious shoots from the aerial stem
possibly due to the change in the endogenous level of
hormones caused by the stress (Sasikumar, 2005).

The hardening medium containing soil: sand: coir
dust: cow dung + 5 g Trichoderma harzianum / cup
gave good result in all aspects, such as the survival of
hardened plants, plant height, number of leaves, and
chlorophyll content. Earlier studies indicated that
inoculation of in vitro raised plantlets with

Piriformospora indica during acclimatization reduced
the stress of acclimatization, providing faster growth,
and better establishment (more than 90%) in
Nicotiana tobacum L. and Bacopa monniera L. (Singh
et al., 2000). Sahay and Varma (2000) observed that
the plant – microbe interaction results in the synthesis
and expression of defence related proteins and
enzymes in a controlled manner. When a pathogen
comes in contact with these plants, it is capable of
boosting the production of defence mechanism
related secondary metabolites and these chemicals
provide protection, which results in higher plant
survival. Treatments with endomycorrhizal (Glomus
etunicatum) at the ex vitro transferring stage was
beneficial for acclimatization, improving plant
growth, and development of Curcuma zedoaria Rosc.
(Miachir et al., 2004). Krishna et al. (2005) reported
that the mycorrhizal inoculation at an early stage
resulted in the accumulation of different biochemicals
in the plant system, such as chlorophyll, carotenoids,
proline, phenol, and enzymes like polyphenol oxidase
and nitrate reductase. These plantlets showed
enhanced survival and improved tolerance against
stresses experienced during the weaning phase. The
mycorrhizal plants also exhibited improved
physiological and nutritional status and had higher
relative water content and photosynthetic rate.

Through this protocol, large number of disease-
free plants could be produced from aerial stem
explants without passing through a callus phase and
thus minimizing the probability of somaclonal
variation. The biological hardening method using
Trichoderma harzianum is viable and useful to tackle
the survival and establishment problem associated
with tissue cultured ginger plants.
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