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ABSTRACT
The present work is to analyze the effect of auxins and cytokinins to develop a standard protocol for in vitro
propagation of Ionidium suffruticosum Ging. Hormones like 2, 4-D, NAA, IBA, IAA, Kinetin, BAP and Zeatin were
used in different combinations and concentrations for callogenesis and indirect plant regeneration. The rapid and
maximum callus formation was achieved from leaf explant on MS medium supplemented with 2, 4-D (0.5mg/L).
MS with 2,4-D (0.5mg/L) was a prompted media to maintain the leaf callus for a long duration and to possess highly
regenerative potential referred to as “stock callus”. Different hormonal combinations often caused the transformation
of the calli from soft crystalloid and translucent to compact, hard, yellowish and greenish forms. Maximum (95%)
and highest number (40.67/explant) of multiple shoots were obtained from leaf callus in MS media containing
Kinetin (4.0mg/L). Among the auxins and cytokinins used the maximum (62%) root formation in the shoots of leaf
derived callus was achieved on the MS medium supplemented with NAA (2.0mg/L) and kinetin (0.2mg/L).
However, the thick and longest roots (6.3cms) from shoot lets were obtained on MS medium with Kinetin (4.0mg/L).
Seventy percent of the rooted plantlets were survived and successfully acclimatized in soil.
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INTRODUCTION
Ionidium suffruticosum, Ging Syn. Hybanthus
enneaspermus (L). F. Muell. belongs to the family
Violaceae, is a rare ethnomedicinal ephemeral herb1 or
under shrub (Resembling a shrub, especially in having
basal woody stems and branches. [Latin fruticosus, from
frutex, frutic-, shrub, bush). Distributed in the tropical
and subtropical regions of the world. It is an herb, found
in the warmer parts of India. The plant is popularly
called as Spade Flower (English), Purusharathna
(Kannada) and Ratan purush (Hindi). Spade Flower is a
perennial herb or small shrub to 60 cm high with a long
slender tap root. The leaves are linear, lanceolate, margin
serrate, apex acute and sub sessile, stipules acuminate, 14 mm long, pink-purple spade-shaped flowers occur
solitary. Sepals 3-4 mm long. Lower petal broad spadeshaped, pink-purple, with deep purple veins. Upper
petals linear-oblong, 3-4 mm long; lateral pair 4.5-5 mm
long. The fruits are capsules 4-9 mm long; ribbed seeds
5-12, pitted between ribs. Flowering is from June to
November in India. Plants are found along river banks,

open grasslands, sandy places and rocky regions. In
nature (in vivo) the plants are seasonal and appear for
few months. The roots and few basal stem stocks
retaining in the soil and are regenerating during rainy
season and soon after the rainy season the aerial part
dries up and the plants disappear.
The plant is considered to have highest medicinal value
and widely used by traditional healers to treat several
diseases like diabetes2, malaria (antiplasmodial
activities3), male sterility in Ivory Coast4, urinary tract
infections & water retention and is used as tonic5. The
tender leaf stalks are used as demulcent; the roots are
antigonorrhoeic, diuretic, bowel complaints and urinary
problems1.
Traditional healers and Pharmaceutical industries collect
primarily from wild stands resulting indiscriminate largescale exploitation of this natural resource. Moreover, no
significant endeavor is being made for the cultivation
and replenishment of the wild stock. Therefore, now
there is an urgency to conserve wild populations for
future uses and at the same time to produce enough
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planting materials by adopting improved and efficient
propagation approaches including mass cultivation of
their species. In nature I. suffruticosum is propagated by
seeds, but conventional methods of propagation cannot
meet the requirement, as the number of plants produced
are limited. Propagation through seed or any other
conventional methods have hampered its seasonal habitat
due to low germination rate and low viability of seeds.
On the other hand, propagation through in vitro
approaches offers a scope to propagate plant with
desirable traits in larger quantities. At the same time,
very few reports are available on its micropropagation6
and no data are available concerning its biological
activities7, 8. It is a hard task to collect adequate
quantities of whole plants. Therefore, methods for rapid
in vitro micropropagation and genetic improvement are
urgently warranted for this important plant species. The
tissue culture methods have been successfully employed
for large scale multiplication of a number of medicinal
herbs and sub shrubs9 in general and particularly in this
species (present work).
The present communication reports the standardization
of leaf explants of Ionidium suffruticosum for callus
initiation, rapid massive callus growth and high
frequency of plantlet regeneration. The effect of auxins
and cytokinins on callogenesis, transformations of the
callus into different forms, root initiation and shoot
formation from leaf callus in different concentrations and
combinations in MS media were reported.
MATERIALS AND METHODS
Plants collected from their natural habitat were grown
and maintained in the garden of the P. C. Jabin Science
College, Hubli, Karnataka, India. Different parts like
shoot tips, nodal and internodal regions, petioles and
young healthy leaves were used as explants. Among the
different explants, leaf explants were well responded to
MS media with different hormones. The leaf explants
were washed thoroughly under running tap water for 45
minutes. The leaves were surface sterilized with a mildphototoxic liquid detergent (2% Labolene, Qualigens,
India) stirred for 2 minutes and then washed in tap water.
The leaves were dipped in a systemic fungicide solution
of 1% Bavistin (Carbendezim 50%WP) for 2 minutes.
Further they were rinsed in distilled & sterilized water
for 5 minutes. Then they were dipped in 70% ethanol for
1 minute and later rinsed in distilled & sterilized water
for 2 minutes. Leaves are then taken in Petri plates into
laminar air flow chamber and surface sterilized by 2%
Sodium hypochlorite solution for 1 minute and rinsed in
distilled & sterilized water for 2 minutes twice. Finally
leaves were cut into small pieces of ±1 square cm and
trimmed the margin of leaves as a small injury.

The sterilized and trimmed leaf explants were inoculated
on MS medium with 3% sucrose and various
combinations of growth regulators; pH was adjusted to
5.7 with 1N NaOH or 1N HCl and media was solidified
with 0.8% agar. The whole set up was autoclaved at
120ºC for 20 minutes. All the cultures were incubated at
23ºC ± 2ºC under 16 hours photoperiod by cool white
fluorescent light and 70± 5% relative humidity. Transfer
of explants as well as subculturing was done aseptically
in the laminar air flow chamber. One explant per culture
tube was used. Fresh weights of the callus at every five
days interval up to the cessation of callus growth were
measured. The mean of ten replications expressed with
standard deviation was considered to prepare the growth
curve.
The callus obtained on MS supplemented with 2, 4-D
(0.5 mg/l) was maintained on the same medium with 2,
4-D (0.5 mg/l) by subsequent subculture of leaf callus for
future use. About 200 to 250 mg of the leaf callus was
subcultured on fresh MS at 30 days interval for the future
use. The callus was tested for shoot regeneration
potential on MS supplemented with various
concentrations of Cytokinins (Kn, BAP and Zn from 0.1
to 12.0 mg/l) alone or in combination with IAA and
NAA at different concentrations. Regenerated shoots
were excised and cultured on MS fortified with IAA,
NAA (0.1 - 12.0 mg/l) alone or in combinations with
cytokinins for root induction. Rooted plantlets were
taken out from culture vessels. The roots were gently
washed with slightly warmed sterile distilled water to
remove the adhering agar. The regenerated plantlets
were transferred to plastic cups containing mixtures of
sterile vermiculate and sand (3:1). Initially high humidity
was maintained by covering the cups with punctured
polythene bags and during the first seven days plantlets
were irrigated three times with half-strength of MS
inorganic salts and subsequently with sterilized distilled
water. The polythene bags were removed and plants
were acclimatized for two weeks in aseptic culture room
with the same illumination but at higher temperature (16
hours photoperiod, 28 ± 2ºC day, 25 ± 2ºC night).
Further the plantlets were exposed gradually to sunlight
for acclimatization and maintained in departmental
garden.
RESULTS AND DISCUSSIONS
There was no sign of growth when different parts of the
plant were used as explants and cultured on MS media
without cytokinins and auxin. By contrast the callus
formation was observed within 28 days on leaf explants
cultured on MS medium supplemented with varying
concentrations of auxins and cytokinins (Fig.1&5).
Callus was initiated after 8-10 days of inoculation at the
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trimmed regions of the leaf explant. Various auxins viz.,
2, 4-D alone or IAA and NAA along with cytokinins
viz., Cytokinins, Zeatin and BAP in different
concentrations (0.1 mg/L to 8.0mg/L) to the MS basal
medium. It has been demonstrated in many cases that 2,
4-D is usually the choice of auxin for callus induction
and subculture of grasses and herbs10. Callus produced
on MS medium supplemented with IAA were yellowish,
pale green in colour and showed the limited growth.
Although IAA (2mg/L) with Kinetin (1.0mg/L) produces
a small amount of yellowish creamy callus but failed to
grow
further. For
successful
callus
initiation,
substantiation of the basal media (MS with 3% sucrose)
with 0.5mg/L of 2, 4-D was found to be more suitable
than other growth regulators like NAA, IAA, BAP,
cytokinin, kinetin and Zeatin separately and in different
concentrations and combinations. In Curculigo
orchioides Gaertn an anticarcinogenic herb a nodular
callus was obtained from leaf explant on MS with BA
(2.22-4.44 µM) 11. 2, 4-D was supplemented to MS
media in different concentrations to obtain better
responses. It was observed that 2, 4-D at 0.5mg/L
concentration is best for rapid callus induction and
subsequent growth (Fig.5A). In a rare Medicinal Plant
Ceropegia
candelabrum12
and
Saposhnikovia
13
divaricata a friable callus was developed from leaf
explants grown on MS medium supplemented with
4.52µM 2, 4-D. In present case the callus so produced
was translucent, crystallized mass turned to creamy to
pale green and then turned into hard compact green solid
mass of callus grown even up to 60 to 80 folds (times) in
45 days. Callus grown on MS with 2, 4-D (0.5mg/L)
grew profusely and possessed high regenerative
potential. This callus was referred to as “stock callus”
(Fig.5A).
Among the explants, young moderate sized leaf explants
were well responded for rapid callogenesis after
incubation period of about three weeks. A pale yellow
colored callus was observed on 8th day of inoculations at
the trimmed regions on MS media supplemented with 2,
4-D at 0.5 mg/L concentration. It has been demonstrated
in many cases that 2, 4-D is usually the choice of auxin
for callus induction and subculture of grasses and
herbs10. But in Tylophora indica optimal callus was
developed from leaf explants on MS basal medium
supplemented with 10 µM 2, 4, 5 –T14. Reports are
available for the seed-derived callus induction in
Hybanthus enneaspermus on MS medium supplemented
with NAA (2.6WPM) and BA (2.2WPM). The necessity
of medium containing half-strength MS medium with
5µM N -BA for callus formation was reported in
Hybanthus floribundus from seed explants9. In present

study the callus is growing enormously in many folds up
to 12-13 weeks on MS medium with 2, 4-D (0.5mg/L).
After 10 weeks the growth of the callus is decreasing.
The growth of the callus ceases after 14 weeks of
duration. It was found that the callus is remaining viable
even up to 18 to 20 weeks of time. In Justicia
gendarussa Burm.f reported the prolific callus formation
from leaf explant on MS medium supplemented with
NAA (1.0mg/L) and BAP (0.1mg/L)15. Subculturing of
leaf callus in the same medium with same hormone
proved to be ineffective for further callus growth. The
callus do not undergo organogenesis in the same media
(MS with 0.5mg/L to 1.0mg/L 2, 4-D). All the parts of
the plant used as explants failed to produce callus on half
strength and full strength MS media (plain). The
saturation point or the point at which the callus attain the
maximum growth in terms of fresh weight mass was
determined. After this point the calli ceased to grow,
perhaps medium does not permit the callus to grow
further. Fresh weight (FW) changes progressively with
8-12 days after inoculation (DAI) indicates that there are
three distinct growth phases, i.e. an initial slow growth
phase followed by a rapid phase of growth, after which at
about 80-135 DAI, the growth rate gradually becomes
slower and ultimately attain the stationary phase.
Subculturing of the fresh callus on MS medium with 2,
4-D (0.5mg/L) and measuring at the end of 98 DAI, the
callus nearly showed about 50±2 fold increase of Fresh
weight.
It was noted that leaf callus turned to light brownish
from 136 DAI onwards. Browning of calli was perhaps
due to the synthesis of phenolic compounds. The transfer
of calli to fresh medium was found to be effective in
reducing of browning was observed16. This practice was
used to control the blackening of the cultures in a
considerable number of species such as Euphorbia
lathyris17 and Pisonia alba18. This approach is used in
present study to prevent the browning and to maintain
the callus as a source of explant for future in vitro culture
and considered as ‘stock callus’. Reduction in growth is
because of stress imparted due to depletion of medium
leading to cessation of growth has been considered as
one of the physiological parameters for differentiation of
the callus as found in Cicer arietinum19. However, in the
present study no such differentiation was observed in MS
with 2, 4-D hormone during this phase. Variations in
hormonal combinations may be one of the effective
methods for embryoids initiation in undifferentiated
callus20,21. The experimental results in Lolium perenne L.
indicated that the addition of low concentration of
cytokinins in callus culture medium often enhances
callus regeneration22. Subculture of the callus on

International Journal of Research in Ayurveda & Pharmacy, 2(1), Jan-Feb 2011 198-203

Sonappanavar Arunkumar B et al / IJRAP 2011, 2 (1) 198-203
different combinations of hormones is also one of the
best effective methods for the differentiation of callus
into different organs (organogenesis).
Different morphological forms of the callus were
observed in media with various combinations of auxins
and cytokinins. Callus is potent to produce roots and
shoots. Leaf callus is potent to produce shoots on MS
medium amended with NAA (0.4mg/L) + Kinetin
(2.0mg/L)(Fig.2) and produce roots on MS containing
Kinetin (4.0mg/L)(Fig.4).
The stock callus was sub cultured on MS medium
containing various concentrations of auxins alone or in
combination with cytokinins showed various responses
with respect to the number of shoot buds obtained.
However, best results were obtained on MS medium
supplemented with kinetin (4.0mg/L) alone. More and
more experimental results indicated that the addition of
low concentration of cytokinins in callus culture medium
often enhances callus regeneration22.
The number of multiple shoots per explant varied from
0.2 to 15.2 at different combinations and concentrations
of hormones (Fig.3). Further, the MS medium with
Kinetin at 4.0mg/L was most effective for shoot
multiplication which developed a mean of 15 shoots per
leaf callus subculture after 5-6 weeks of inoculation.
Shoot bud initiations on leaf callus have been reported in
Justicia gendarussa15, 23. MS medium supplemented with
kinetin (4.0mg/L) induced more number of shoots at high
frequency (95%) compared to MS with NAA+ Kinetin,
NAA+BAP, NAA+Zeatin with Kinetin (Fig.3 &4).
Minimal cytokinins and auxins in culture media would
avoid somaclonal variations and efficiently produce true
type plantlets as in Hackelia ventusa.24.
The healthy and sturdy shoots were separated and
transferred on to rooting medium. Rooting was best on
MS medium supplemented with NAA 2.0mg/L and
Kinetin 0.2mg/L developed a mean of 68
roots/subculture of leaf callus after 40-45 days (Fig.4 &
5). Basal media supplemented with NAA was found to
be better for regeneration in Clitoria ternatea25. Further
more, in present study the maximum thick and long roots
with numerous root hairs were developed on the same
shoot initiation medium (MS with Kinetin 4.0mg/L) after
35-45 days of subculture of leaf callus. The roots
developed from the base of the shoots with intervening
callus. Rooting was always accompanied by some
amount of callus with the shoots. Rooting response was
poor on NAA, IAA and almost absent in 2, 4-D.
After 35-45 days of culture of shoots on rooting medium,
the rooted plantlets were transferred to plastic cups
containing vermiculate and sand (3:1) (Fig.5C). After
20-25 days the plantlets were transferred to pots

containing garden soil, vermiculate and sand (3:2:1) for
hardening and acclimatization (Fig.5D). To check fungal
growth, plants were sprayed with 0.1% Bavistin once a
week. Humidity was maintained by covering with
punctured, plastic cover and frequently spraying of
water. Similar process of maintaining humidity was
practiced for hardening of banana26 and Alpinia27. The
hardened plants were transferred to field after 35 days of
good growth. Almost 70% of the regenerated plants
survived and showed a vigorous growth of shoots and
roots with least morphological variations. However, the
height of the plantlets and size of the leaves were bigger
than in vivo plants (Fig.5D). Thus, a successful
regeneration system culminating in transplantation to
field has been accomplished. The tissue culture studies
of Ionidium suffruticosum showed that, the MS medium
supplemented with 2,4-D (0.5mg/L) was optimal for
callus induction whereas MS with Kinetin (4.0mg/L) was
best suited for both shoot and root induction in short
duration.
Of the three auxins assessed, 2, 4-D proved to be better
than IAA and NAA for the induction and subsequent
growth of callus from leaf explants (Fig.1). MS medium
supplemented with 0.5mg/L of 2, 4-D showed maximum
response as compared to its lower concentration
(<0.5mg/L) and higher concentration (>1.0mg/L). 2, 4-D
at 0.5mg/L concentrations showed 100% callus initiation
whereas in other two auxins it is 10 % (IAA) and 22 %(
NAA) (Fig.1).
The concentrations of cytokinins used significantly
affected the percentage of shoot regeneration, shoot
number and shoot length (Fig.3 & 4). Among the three
cytokinins assessed kinetin was more effective and
significant in both shoot initiation (95%) and also in
number of shoots per explant (15.2± 0.3) (Fig. 2).
Cytokinin concentration has been several times reported
to be decisive for shoot proliferation and elongation in
Psoralea corylifolia, Geoderum purpureum R. Br and
many medicinal plant species28,29,30.
CONCLUSIONS
In conclusion, in the present work, an efficient in vitro
protocol has been developed for inducing rapid callus
formation from leaf explant of an important medicinal
plant, Ionidium suffruticosum which is a readily available
source of explant material, as well as regeneration source
of the plant from leaf callus via organogenesis. The
effect of cytokinins and auxins were analysed and
confirmed that MS with 2, 4-D (0.5mg/L) is suitable for
rapid callogenesis (Fig.1) and subsequent growth. The
maximum number of longer and sturdy shoots can be
obtained from leaf callus in MS medium with kinetin
(4.0mg/L) and maximum number of roots can be
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achieved in MS with NAA 2.0mg/L and Kinetin
0.2mg/L)(Fig.4). The results will make the method of
conservation and propagation of the species much easier.
This can lead to the synthesis and extraction of active
compounds from its leaf callus and in vitro plantlets. The
leaf-based regeneration protocol is expected to useful for
genetic improvement of this herb through recombinant
DNA technology.
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Fig 2: Effect of growth regulators (Kinetin, NAA, NAA+Kinetin, NAA+BAP and
NAA+Zeatin) on callus differentiation (Shoot formation) from leaf callus of I.
suffruticosum after 40 days of culture.
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Figure 5: Effect of auxins and cytokinins on induction, proliferation of callus and
in vitro propagation of I. suffruticosum from leaf explant of I. suffruticosum. A.
compact, green callus after 6 weeks of inoculation on MS with Zeatin (1.0mg/L).
B. Multiple shoots from leaf callus produced in vitro roots. C. Well rooted shoots
transferred to cups containing vermiculate & sand. D. Three months old
hardened plant in pot containing soil+vermiculate +sand (3:1:1).
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Fig 3: Effect of Kinetin, BAP and Zeatin with NAA on formation of number of
shoots from leaf callus I. suffruticosum.
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