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Abstract

Orthosiphon aristatus is a valuable medicinal plant and different parts of the plant are pharmaceurically used for the treatment
of various diseases. The present study was designed to develop an efficient protocol for micropropagation of O. aristatus from nodal
explants and to study the influence of additives on the enhancement of the number of shoots per explant. Among the different types of
additives used, 10% coconut water and 30 mg/L glutamine added to Murashige and Skoog’s (MS) medium supplemented with 1.0 mg/L
6-benzyl amino purine (BAP) and 0.5 mg/L kinetin (KIN) was found to be most effective. Maximum number of shoots (44.07 % 0.38)
with 100% shooting response and shoot length of 7.47 + 0.10 cm was recorded. I vitro rooting of the microshoots was achieved on half-
strength MS medium containing 0.5 mg/L indole-3-butyric acid (IBA), producing an average of 30.27 + 0.36 roots and 6.02 + 0.20 cm
root length. The rooted shoots were acclimatized with 100% survival rate on coco pith: soil (3:1) planting substrate and was successfully
transferred to field conditions. The hardened plants exhibited homogeneity and no morphological variations were observed among the
regenerants and the mother plants. Thus, the procedure described is a quick and reliable method which could be applied for eflicient

large-scale propagation, genetic transformation assays and secondary metabolite production.
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Introduction

Orthosiphon aristatus (Blume) Migq. is an erect, slender
and perennial shrub belonging to the Lamiaceae family. It
is popularly known as kidney tea plant or java tea. It is a
medicinal herb widely cultivated in temperate and tropical
regions, especially in South-East Asia and Australia. The
plant is also grown as an ornamental for its unique flow-
ers, white or purplish in colour, with far-exerted filaments
resembling a cat's whiskers (Indubala and Ng, 2000).

According to traditional ethnobotany, O. aristatus has
been widely used for the treatment of various kidney and
urinary bladder diseases because of its diuretic activity
(Englert and Harnischfeger, 1992). The presence of ortho-
siphonin and high percentage of potassium salts helps in
keeping uric acid and urate salts in solution, thus prevent-
ing calculi deposition. The plant has also been medically
implicated in the treatment of diabetes, eruptive fever,
epilepsy, gallstones, hepatitis, rheumatism, jaundice, hy-
pertension, gout and hepatitis (Wiart, 2002).

O. aristatus is mainly valued for its leaves and to fulfil
the ever-growing demand of the market for the produc-
tion of leaves, the plant has been commercially exploited.
The flowers are usually removed when they appear as they
are supposed to deprive the leaves of their active constitu-
ents. This subsequently hinders seed formation and plant
production (Anonymous, 1976). Cultivation of this spe-
cies on large scale is affected as the conventional propaga-
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tion method is beset with problems of scanty and delayed
rooting of seedlings and vegetative cuttings. Thus conser-
vation of this species is required to ensure its sustainable
utilization. Therefore, development of a rapid clonal mul-
tiplication procedure of this medicinally important herb
has become imperative in order to reduce the existing pres-
sure on natural populations and to supply constant plant
materials to pharmaceutical industries for the preparation
of herbal products.

Micropropagation methods, which strictly maintain
clonal fidelity, are particularly applicable to this plant. Very
few reports are available on the micropropagation of this
species (Elangomathavan e al., 2003; Leng and Lai-Keng,
2004). But, till date there are no reports on the influence
of additives to enhance shoot multiplication. Coconut
water (CW) contains growth hormones and is liberally
made use in tissue culture. Addition of CW into the media
enhanced the shoot growth and development of medici-
nal plants propagated iz vitro (Tefera and Wannakrairoj,
2004). Amino acids such as glutamine and asparagine
were frequently employed in the culture medium as an or-
ganic nitrogen source (Franklin and Dixon, 1994). Many
reports have claimed the use of exogenous glutamine to be
beneficial for i7 vitro culture, increasing the regeneration
rate and biomass of the explants (Ogita ez a/., 2001; Rao ez
al.,2001; Vasudevan ez al., 2004).

Thus the aim of the present investigation was to estab-
lish an efficient and improved protocol by enhancing iz
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vitro shoot multiplication of O. aristatus using various ad-
ditives. Subsequently the most effective hormonal concen-
tration for root induction and ex vitro hardening was also
determined.

Materials and methods

Medium and culture conditions

Murashige and Skoog (MS) medium (Murashige and
Skoog, 1962) used in this study was prepared by adding
3% (w/v) sucrose to MS basal salts and vitamins. Different
concentrations of plant growth regulators (PGRs) were
supplemented to the medium and the pH was adjusted to
5.7 before adding 0.8% (w/v) agar. MS medium devoid of
growth regulators served as control. Molten medium (10
mL) was dispensed into culture tubes and plugged with
non absorbent cotton plugs. Culture bottles containing
50 mL medium were tightly closed with polypropylene
caps. The tubes and bottles containing the media were au-
toclaved at 121°C for 15 min. The cultures were incubated
at 24 + 2°C in light with 16 h photoperiod supplied by
white fluorescent tube lights, with a light intensity of 50
umol m? s photosynthetic photon flux density (PPFD).

Plant material and explant preparation

Orthosiphon aristatus plants were collected from the
medicinal plant garden at Irula Tribal Women’s Welfare
Society, Chengalpattu, Chennai, India. Botanical identi-
fication was performed by Dr. D. Narashiman, Associate
Professor, Centre for Floristic Research, Department of
Plant Biology & Plant Biotechnology, Madras Christian
College, Chennai and a voucher specimen has been depos-
ited in the Loyola College Herbarium (LCH 64). Surface
sterilization of nodal explants was performed by washing
the explants under running tap water for 20 min. It was
then washed with 1% (v/v) non-ionic surfactant solution
and rinsed thoroughly with sterile water. The explants were
disinfected by soaking in 0.2% (w/v) bavistin (Carbendaz-
im 50% WP fungicide) for 5 min and washed five times
with sterile distilled water. Surface decontamination was
performed under aseptic conditions by immersing the ex-
plants in 0.1% (w/v) mercuric chloride for 3 min followed
by rinsing 4-5 times with sterile distilled water. Nodal ex-
plants were trimmed to 10-12 mm in size and they were
used as the explants for micropropagation.

Multiple shoot induction and proliferation

For multiple shoot induction, nodal explants were
inoculated on MS medium supplemented with different
hormones such as 6-benzyl amino purine (BAP) and kine-
tin (KIN) (0.5, 1.0, 2.0 and 4.0 mg/L) individually and in
combination with auxins such as a-naphthalene acetic acid
(NAA) and indole-3-butyric acid (IBA) (0.1, 0.25 and 0.5
mg/L). A combination of both the cytokinins (BAP - 1.0
mg/L and KIN - 0.25, 0.50, 0.75 and 1.0 mg/L) was also

339
used for this study. Subculturing was done twice onto their
respective medium after a 4-week interval. Total number
of shoots per explant and length of the shoots were mea-
sured after 8 weeks of culture.

Influence of additives on shoot multiplication

To study the influence of various additives on shoot
proliferation, explants were cultured on MS medium
supplemented with 1.0 mg/L BAP and 0.5 mg/L KIN
along with different concentrations and combinations of
peptone (50, 100, 150, 200 mg/L; w/v), asparagine and
glutamine (10, 20, 30 and 40 mg/L; w/v), watermelon
juice and coconut water (5, 10, 15 and 20%; v/v). MS me-
dium containing 1.0 mg/L BAP + 0.5 mg/L KIN, 10%
CW in combination with glutamine or asparagine (20 and
30 mg/L) was also used to study the efficiency on induc-
ing multiple shoots. Subculturing was done two times in
the same medium after a 4-week interval. The number and
length of the shoots per explant were recorded after eight
weeks of culture.

Root induction

For root initiation, the proliferated shoots, 2-3 cm
in length were separated, excised and inoculated on root
induction medium. To determine the effect of MS salt
concentration on root induction, half-strength MS and
full-strength MS medium containing 3% sucrose (w/v)
was used. The medium was supplemented with various
concentrations (0.1, 0.5, 1.0, 2.0 and 3.0 mg/L) of indole-
3-acetic acid (IAA), IBA and NAA individually. After 4
weeks of culture, the total number of roots produced per
shoot and length of the roots were measured.

Acclimatization

Rooted plants (4-5 cm) were carefully removed from
the test tubes and washed with sterile water to remove any
agar medium adhering to the roots. The plantlets were
transferred to paper cups (6 cm in diameterand 11 cm high)
filled with mixtures of sterilized sand and soil (1:1), coco
pith and soil (3:1) and saw dust and soil (3:1) (v/v). They
were regularly supplied with 1/4 strength MS basal salt so-
lution devoid of sucrose to prevent any fungal contamina-
tion. To prevent desiccation and maintain high humidity,
the plants were covered with transparent polythene bags
(10 x 8 cm) and grown in the culture room at 24 + 2°C
with 16 h photoperiod, provided by cool white fluorescent
light with an intensity of 50 pmol m? s PPFD. The rela-
tive humidity was gradually reduced by opening the bags
and after 3 weeks, the plants were removed from the cups
and transferred to pots filled with 1:1 mixture of soil and
organic manure (w/w). These acclimatized plantlets were
transferred and established in the field. The survival per-
centage of ex vitro plants was evaluated after 6 weeks and
any variation in morphological characters was noted.
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Data collection and statistical analysis

All experiments were performed with a minimum of
ten explants per treatment and each experiment was re-
peated three times. The data were collected after 8 weeks
for shoot multiplication and 4 weeks for rooting experi-
ments. For shoot proliferation, the mean (%) of explants
responding, mean number of shoots per explant and av-
erage shoot length (cm) were measured. For root induc-
tion, mean number of roots and average root length (cm)
were calculated. The data were analysed statistically using
IBM SPSS statistics 19 (SPSS Inc., Chicago, USA) and the
mean values were expressed as mean + SE of three experi-
ments. The significance of differences among means was
carried out using Duncan’s Multiple Range Test (DMRT)
at a 5% probability level.

Results and discussion

Influence of plant growth regulators on multiple shoot

induction

Multiple shoots were successfully induced from nodal
explants of Orthosiphon aristatus. The morphogenetic

responses of nodal explants to various cytokinins alone
(BAP and KIN) and in combination with auxins (NAA
and IBA) are summarized in Tab. 1. Nodal explants (Fig.
1a) that were cultured on MS medium devoid of PGRs
(control) induced 2.40 + 0.26 shoots. However, the multi-
plication rate and shoot number were markedly increased
in cultures supplemented with PGRs. The percentage re-
sponse, average number of shoots per explant as well as
the mean length of shoots varied with the type of growth
regulator as well as its concentration.

Among the two cytokinins tested, BAP was found to
be more efficient than KIN with respect to initiation and
subsequent proliferation of shoots (Tab. 1). Of the various
concentrations of BAP used, 1.0 mg/L proved to be most
effective (86.67%) with an average of 22.33 + 0.32 shoots
and 4.60 £ 0.02 cm shoot length per culture. When KIN
alone (2.0 mg/L) was added, 80% shooting response was
recorded, producing an average of 19.40 + 0.45 shoots and
3.47 £ 0.02 cm shoot length. Upon increasing the concen-
tration of the PGRs, a reduction in the number of shoots
per culture was observed. Similar to our study, multiple
shoots have been induced from nodal explants of O. spi-

Tab. 1. Effect of different concentrations and combinations of PGRs on multiple shoot induction from nodal explants of O.

aristatus on MS medium after 8 weeks of culture

Combination and concentration of PGRs (mg/L)

Nodal explants

Cytokinins Ains % Response Average number of Average length
shoots per explant of shoots (cm)

Control 40.00 2.40+0.26° 1.25+0.04°

BAP KIN NAA IBA
0.5 - - - 66.67 1523 +£0.32¢ 3.40 £0.02"
1.0 - - - 86.67 2233+0.32m™ 4.60+0.02™
2.0 - - - 80.00 18.70 +0.33 M 415+0.014
4.0 - - - 63.33 1207 +£0.26¢ 2.81+0.02¢
- 0.5 - - 70.00 13.77 £0.294 255+0.02¢
- 1.0 - - 76.67 1627 +0.36 <% 3.18+0.028
- 2.0 - - 80.00 19.40 + 0.45 hik 3.47 £0.02"
- 4.0 - - 60.00 9.97 +0.38° 2.34+0.08¢
1.0 0.25 - - 100.0 2353+043° 4.63+0.05™
1.0 0.5 - - 100.0 2730 +0.54° 5.43 +0.06°
1.0 0.75 - - 90.00 20.03 + 0.44 3.72+0.02
1.0 1.0 - - 76.67 1520 £0.31¢ 249 +0.01¢
1.0 - 0.1 - 80.00 1857 +0.45*h 3.10+0.07¢
1.0 - 0.25 - 96.67 24.13+0.39° 479 £0.03"
1.0 - 0.5 - 90.00 19.90 + 0.38 ik 403 +0.02%
1.0 - - 0.1 86.67 2320+ 0.33 ™ 422 +0.04
1.0 - - 0.25 80.00 20.53£0.404 3.67£0.02
1.0 - - 0.5 66.67 1697 +0.45¢ 2.82+0.02¢
- 2.0 0.1 - 83.33 1570 +£0.33 < 1.76 +0.06"
- 2.0 0.25 - 73.33 2127 £0.33™™ 351+0.02"
- 2.0 0.5 - 70.00 18.80 + 0.36 " 271 +£0.05¢
- 2.0 - 0.1 76.67 17.43 £ 0.468 3.40 + 0.04"
- 2.0 - 0.25 86.67 19.47 + 0.48 Mk 3.92+0.09
- 2.0 - 0.5 73.33 16.83 +0.44 8 2.87+0.07°f

Note: Values represent mean values + standard error of 10 explants per treacment of three repeated experiments.% Response values represent mean percentage response.
Means followed by the same letter within columns are not significantly different at 5% probabilicy level using Duncan’s Multiple Range Test (DMRT)
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Fig. 1. Multiple shoot induction from nodal explants of Orthosiphon aristatus. a Initiation of nodal explant (Bar 0.5 cm); b Shoot
multiplication on MS medium supplemented with 1.0 mg/L BAP + 0.5 mg/L KIN, 10% coconut water and 30 mg/L glutamine, 2
weeks after initiation (Bar 0.5 cm); ¢ Proliferation of shoots on the same medium, after 4 weeks (Bar 1.0 cm), and d after 8 weeks of
culture (Bar 2.0 cm); e In vitro rooting of shoots on half-strength MS medium with IBA (0.5 mg/L) after 4 weeks (Bar 1.0 cm); f Ac-
climatization of plantlet in culture room using different planting substrates with 1/4 strength MS basal salt solution (w/o sucrose)
(Bar 5.0 em); g Hardening of plant in nursery (Bar 7.0 cm); h Plant in pot under natural sunlight (Bar 6.0 cm); i Ex vitro plant,
successfully established under field conditions after 3 months (Bar 12.5 cm)

ralis on MS medium containing BAP (Elangomathavan
et al., 2003; Leng and Lai-Keng, 2004). The superiority
of the cytokinin BAP, used for the induction of multiple
shoots, has been reported in several plants in the Lamiace-
ac family such as Pogostemon heyneanus (Hembrom et al.,
2006), Salvia brachyodon (Misic et al., 2006) and Melissa
officinalis (Tavares et al., 1996).

MS medium supplemented with a combination of
BAP (1.0 mg/L) and KIN in different concentrations was
found to be effective in enhancing the number of shoots
and shoot length per explant (Tab. 1). Maximum response
(100%) was observed in medium supplemented with BAP
and KIN at 1.0 and 0.5 mg/L respectively, producing an
average of 27.30 + 0.54 shoots and 5.43 + 0.06 cm shoot
length per culture. Higher concentration of cytokinin
combinations reduced the number of shoots and shoot

length. The combined effect of BAP and KIN on efficient
shoot induction has been well documented and proved
in Capsicum chinense (Sanatombi and Sharma, 2008) and
Bambusa balcooa (Negi and Saxena, 2011).

The efficiency of the optimal concentration of BAP
and KIN with auxins (NAA and IBA) was also evaluated
for multiple shoot induction (Tab. 1). BAP with NAA was
found to be an effective combination for shoot regenera-
tion and multiplication. Nodal explants cultured on MS
medium supplemented with BAP (1.0 mg/L) and NAA
(0.25 mg/L) exhibited 96.67% shoot regeneration with a
maximum of 24.13 + 0.39 shoots and a mean length of
4.79 + 0.03 cm. A combination of KIN (2.0 mg/L) with
NAA (0.25 mg/L) induced 21.27 + 0.33 shootsand 3.51 +
0.02 cm shoot length. Shooting response was lower when
IBA was added along with BAP or KIN. The results cor-
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roborate with the earlier findings in plants such as Cenzella
asiatica (Tiwari et al., 2000) and Chlorophytum arundina-
ceum (Lattoo et al., 2006) where the addition of low-level
of auxin with cytokinin promoted shoot proliferation.

Influence of additives on multiple shoot induction

In vitro growth and development of O. aristatus were
highly influenced by additives and the results have been
presented in Tab. 2. The present study revealed that a com-
bination of CW with glutamine or asparagine positively
influenced multiple shooting in O. aristatus (Tab. 2). MS
medium supplemented with 1.0 mg/L BAP and 0.5 mg/L
KIN, 10% CW and glutamine or asparagine significantly
increased the number of shoots per explant (Tab. 2). Glu-
tamine at 30 mg/L produced an average of 44.04 + 0.38
shoots per explant with a mean length of 7.47 + 0.10 cm
(Fig. 1b, ¢, d) whereas 20 mg/L asparagine resulted in

40.43 + 0.38 shoots per explant and 6.89 + 0.05 cm shoot
length after 8 weeks of culture. Increasing the concentra-
tion of additives decreased the regeneration ability.
Several reports have confirmed the beneficial effects
of additives for micropropagation (Komalavalli and Rao,
2000; Baskaran and Jayabalan, 2005). Adding extra re-
duced nitrogen to the culture medium, in the form of
amino acids (glutamine and asparagine), is beneficial for
shoot development (Jain and Babbar, 2003). In the pres-
ent investigation, glutamine and asparagine significantly
improved shoot multiplication. Similar studies have been
reported for other plant species such as Syzygium cumini
(Jain and Babbar, 2003), Cuccumis sativus (Vasudevan et
al., 2004) and Embelia ribes (Annapurna and Rathore,
2010). The reduction of nitrate to ammonia is a limiting
factor in the cells (Gamborg, 1970). Thus, the enhance-

ment of growth rate in the presence of glutamine could

Tab. 2. Effect of different concentrations of additives on multiple shoot induction on MS medium supplemented with BAP (1.0

mg/L) + KIN (0.5 mg/L) after 8 weeks of culture

Concentration of additives % Response Average number of Average length of
shoots per explant shoots (cm)
Coconut Water (CW,%)

5 83.33 26.20 +£0.267 4.72 +0.08'

10 90.00 29.67 +0.29% 5.47 +£0.08

15 80.00 21.00 £ 0.23° 407 £0.10"

20 66.67 14.63 +0.27°¢ 324+0.18f

Watermelon Juice (%)

5 83.33 18.03 £ 0.31¢ 3.78 +0.068

10 76.67 15.40 +£0.20° 3.08+£0.11¢

15 70.00 11.07 +0.28< 2.67 +0.50¢

20 60.00 757 +0.11° 1.91£0.03°

Asparagine (mg/L)

10 90.00 1923 +0.22h 312+0.11¢

20 96.67 31.20 +0.25! 5.83+0.10%

30 86.67 25.87 +£0.42 447 £0.05"

40 66.67 10.80 + 0.31¢ 2.89 +0.06%

Glutamine (mg/L)

10 96.67 21.23 +0.24' 458 +0.05"

20 96.67 29.30 + 0.24* 5.40 +0.06/

30 100.0 3570+ 0.22™ 6.35+0.07™

40 80.00 1327 +0.21¢ 3.02+0.10¢

Peptone (mg/L)

50 70.00 11.73 +0.38¢ 1.30 + 0.04°

100 76.67 15.10 +0.30° 1.86 + 0.04°

150 83.33 18.03 £0.25¢ 271 +0.04¢

200 63.33 8.40 + 0.32° 1.11 £ 0.05*

CW (10%) + Glutamine (mg/L)

20 100.0 36.93 +0.24" 647 +0.08™

30 100.0 44.07 +0.38? 7.47 +0.10°

CW (10%) + Asparagine (mg/L)

20 100.0 40.43 +£0.38° 6.89 +£0.05"

30 100.0 31.43 +0.24! 6.06+0.08!

Note: Values represent mean values + standard error of 10 explants per treacment of three repeated experiments. % Response values represent mean percentage response.

Means followed by the same leccer within columns are not significantly different at 5% probability level using Duncan’s Multiple Range Test (DMRT)
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be explained on the basis that it provides a readily avail-
able source of nitrogen to the plant cells. Also, glutamine
is relatively non-toxic, hence it helps in enabling the cells
to maintain high growth rate for a longer period (Gam-
borg e al., 1968). A maximum of 32.25 + 1.06 shoots
when cultured on MS medium supplemented with 2.22
uM BAP alone has been reported (Elangomathavan ez 4/,
2003). But in the current study, glutamine was found to
be a suitable nitrogen source for markedly enhancing the
number of shoots, thus establishing an improved procotol
for rapid iz vitro shoot multiplication.

Rooting of regenerated shoots

The presence of auxins at low concentration in half-
strength MS medium was found to be more efficient in in-
ducing better rooting response when compared with full-
strength MS. Of the three auxins (NAA, IBA and IAA)
tested, IBA (0.5 mg/L) was found to be more effective for
rooting by producing an average of 30.27 + 0.36 roots and
6.02 + 0.20 cm root length per culture (Fig. le; Tab. 3).
Successful rooting (28.83 + 0.93 roots per explant) of O.
aristatus shoots on half-strength MS medium supplement-
ed with 4.9 uM IBA has been reported (Elangomathavan
et al., 2003). I vitro rooting was noticeably influenced by
the concentration of the auxins as well the strength of the
MS medium. Similar to our current study, rooting in MS
medium supplemented with IBA has been reported to be
efficient in several plants belonging to the Lamiaceae fam-
ily such as Isodon wightii (Thirugnanasampandan ez al.,
2009), Ocimum basilicum (Siddique and Anis, 2008) and
Coleus blumei (Rani et al., 2006).

343
100
~—~ 100
<
E 80 86.67
E 76.67
= 60
70}
)
zﬁ 40
=
3 20
1=
o
=5
0
Sand + Soil  Cocopith+  Saw dust +
(1.1 Soil (3:1) Soil (3:1)
Planting Substrates

Fig. 2. Effect of different planting substrates used during acclima-
tization of iz vitro grown plantlets, 6 weeks after establishment
under field conditions. Percentage of survival values represents
mean percentage response of 10 plantlets per treatment of three
repeated experiments

Acclimatization and establishment of plantlets

The rooted microshoots were successfully hardened
in the culture room (24 + 2°C) in paper cups containing
sterilized planting substrates (Fig. 1f). After 3 weeks, these
plantlets were transferred into pots containing natural gar-
den soil and organic manure and maintained in the nurs-

Tab. 3. Effect of MS salt concentration and different auxins on root induction from 77 vitro raised microshoots after 4 weeks of

culture

Half-strength MS

Full-strength MS

Concentration of

. Average number of Average length Average number Average length
auxins (mg/L)
roots per shoot of roots (cm) of roots per shoot of roots (cm)

Control 1.00+0.47° 048 +£0.11* 0.60 +0.16* 0.26+0.05*

IBA [AA NAA
0.1 - - 24.80£0.22° 412+0.07" 16.77 +0.25! 3.46+0.09™
0.5 - - 30.27 + 0.36" 6.02+0.20" 21.10 £ 0.38" 409+0.11"
1.0 - - 27.00 + 0.349 517+0.19¢ 23.87 £0.30° 4.87 +0.14%
2.0 - - 18.47 £0.25™ 3.07 £0.15 ik 1250+ 0.22 3.01 £0.069
3.0 - - 14.47 +0.20 229+0.09% 9.03+0.27% 259 +0.07 &
- 0.1 - 823 +0.28 243 +0.11 " 417 +0.31°¢ 143 +£0.16%
- 0.5 - 13.10+0.31" 3.04+0.127% 9.23 +0.43¢ 228+0.11%
- 1.0 - 17.40 +0.29" 3.67+0.06™ 11.07 +0.38" 3.08 £0.13
- 2.0 - 5.03+0.33¢ 220+0.06< 7.60 +0.43°¢ 1.83+020%
- 3.0 - 2.60+0.17° 1.66 +0.07 < 220+0.18° 1.10+£0.10°
- - 0.1 15.40 +0.18* 2.18+0.17¢ 10.30 +0.37" 332+ 0.06M
- - 0.5 19.27 £ 0.29™ 3.40 + 0.04 Km 17.43 +0.42! 433 +0.07 ™
- - 1.0 25.07 £0.23° 4.63+0.06 15.60 + 0.46* 370+£0.05™
- - 2.0 10.67 +0.17" 278 +0.17H 833 +0.31¢% 213+0.16¢
- - 3.0 5.87 £0.22¢ 1.86+0.14% 4.87 +0.25¢ 127 +0.14°

Note: Values represent mean values + standard error of 10 shoots per treatment of three repeated experiments
Means followed by the same letter are not significantly different at 5% probability level using Duncan’s Multiple Range Test (DMRT)
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ery (Fig. 1g). After six weeks, the plants were transplanted
and established in field conditions under natural sunlight
(Fig. 1h, 1i). Of the three different types of planting sub-
strates examined, the percentage survival (100%) of the
plantlets was highest in coir pith: soil (3:1; v:v) (Fig. 2).
The regenerants grew well and all the plants transferred
for hardening showed homogeneity. No morphological
variation was observed among the ex vitro plants and the
mother plants.

Conclusions

The study demonstrates a promising and cost effec-
tive protocol that will help in the rapid multiplication,
large-scale production and conservation of O. aristatus,
a valuable medicinal plant. Influence of additives on en-
hanced shoot multiplication has been established for the
first time using nodal explants. MS medium supplemented
with BAP (1.0 mg/L) and KIN (0.5 mg/L) in combina-
tion with 10% coconut water and 30 mg/L glutamine was
found to be most effective in inducing multiple shoots
when compared to other additives. Half-strength MS
medium with 0.5 mg/L IBA produced maximum rooting
response and the complete plantlets were successfully es-
tablished under field conditions with 100% survival rate.
Axillary bud proliferation, without any intervening callus
phase, supposedly leads to the production of genetically
stable, true-to-type plantlets. Thus, the described proce-
dure could be used for ez masse propagation, which will
be helpful for the study of phytomedicine production and

genetic transformation.
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