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In-vitro shoot regeneration via caulogenesis in fern, Pteris vittata L.
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Abstract

An attempt was made to standardize the protocol for the shoot regeneration via caulogenesis in Pteris vittata
L. employing leaf primordium explants. Calli were induced on Murashige and Skoog’s (MS) and Parkers and
Thompson’s (P and T) media supplemented with different combinations of 2, 4-dichlorophenoxyaceticacid (2,
4-D), 6-benzylaminopurine (BAP), �-naphthalene acetic acid (NAA) and Indole - 3-acetic acid (IAA). A
combination of full strength MS medium with  2, 4-D (2.26 µM) and BAP (2.22 µM) was found to be ideal for
profuse callusing (80%) against other combinations. More shoot differentiation (2.8±0.06) was achieved from
the calli on one-fourth strength of  P and T media fortified with BAP (4.44 µM) and  NAA (2.68 µM) when

compared to other combinations but statistically not significant.
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Introduction

Pteris vittata L. (commonly known as brake fern), is a
homosporous fern species used in nursery as an ornamental house
plant belongs to the pteridaceae family and widely distributed in
India. Amongst the common ferns, Pteris is an almost exclusively
tropical fern genus with some 280 species reported. It is a terrestrial
plant, perennial in habit and occurs both in moist and xeric conditions.
Cytological investigations have revealed that this species having
five cytotypes i.e. diploid, triploid, tetraploid, pentaploid and hexaploid
(Srivastava et al., 2007). In India, about 45 species of Pteris have
been reported.

Recently, arsenic has received great attention as global
problem mostly in South-East Asia. Arsenic-contaminated soil
constitutes one of the major sources of arsenic in drinking water
(Welch et al., 2000) .The contamination of groundwater with
arsenic is a serious problem encountered in northern India.
Recent discovery of several arsenic hyperaccumulators makes
it possible to phytoremediate arsenic-contaminated soils (Komar
et al., 1998; Ma et al., 2001; Francesconi et al., 2002; Zhao,
2002;  Meharag, 2003). Among the known arsenic
hyperaccumulators, P. vittata L. is an efficient arsenic
hyperaccumulator plant because it can accumulate up to 22,630
mg As kg-1 in its above ground biomass (fronds), which indicates
its high tolerance to arsenic and efficient mechanism of arsenic
detoxification (Singh et al., 2010). It has also capabilities to

monitor the pollution and having antiviral and antibacterial
properties (Singh, 1999).Traditionally, remediation of polluted
areas relies on in situ chemical-physical extraction procedures
or on removal of the contaminated soil, both of them are costly
and labour intensive. Phytoremediation techniques gained
attention as an alternative low cost and affordable technology to
remove contaminants from soil and water (Khan et al., 2000).
Perennial nature of this taxa makes the phytoextraction process
more cost-effective since no replanting after harvest is needed
and it is proved that bioremediation is the most ecofriendly and
cheap method for the removal of arsenic from groundwater.

P. vittata L. is conventionally propagated by sexual method
i.e. through spores which require more time and a specific
microclimatic condition to grow. Conventional method of propagation
in nurseries is also facing risks with inherent moss and algal invasion
and contamination with other ferns, so the chance of true-to-type
production of plants is meagre. Vascular cryptogams, especially
ferns have not been very favorable material for tissue culture because
its vascular system made up of highly differentiated tissues that are
unlikely to proliferate into cell masses capable of growth in vitro and
lack of secondary activities. Earlier investigators have induced callus
using rhizome, spore and leaf primordium as explants (Shukla and
Khare, 2005). However, to the best of authors’s knowledge no
work has been reported on the induction of the shoots via callusing
through leaf primordium explant of this taxa. In this study an attempt
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has been made to induce the shoots via callus developed from leaf
primordium explants for the first time in P.vittata.

Materials and Methods

Leaf primordium (1 cm) were excised from tetraploid cytotype
of P. vittata L. growing in the Fernery of National Botanical Research
Institute, Lucknow.The explants were collected in a beaker containing
tap water and washed thoroughly with running tap water for 30 min
and for another 5 min with a 1% aqueous solution of teepol (a
detergent manufactured by International Chemical Industries,
Kolkata). The explants  were repeatedly washed with single distilled
water and disinfected with 70% ethanol for 20 sec. and subsequently
surface sterilized with HgCl

2
 solution (0.1% w/v) for 5 min followed

by repeated rinsing with sterile double distilled water.

After trimming at the base (~0.5 cm) explants were
inoculated on the full strength Murashige and Skoog’s (MS) and
full, half and one-fourth strength of Parkers and Thompson’s (P &
T) media supplemented with 2, 4-D (2.26 µM), BAP (2.22-8.88
µM), NAA (2.68 and 2.85 µM) and IAA (2.85 µM) alone and in
combinations with 4% sucrose for callus induction and mass of
calli transferred on full, half and one-fourth strength of MS and P
& T media fortified with BAP (2.22-8.88 µM), NAA (2.68 and 5.36
µM) and IAA (2.85 and 5.70 µM) for shoot differentiation. Calli
were maintained by subculture at an interval of four weeks in the
same medium and during each subculture one set of calli was
transferred to shoot differentiation medium. Callus induction and
shoot differentiation were analyzed at regular time intervals and
photographs were taken using a Nikon camera UF-II.

Each treatment consisted of three replicates, each with 20
explants and were repeated thrice. All experiments were carried
out in culture tubes (150×25 mm) containing 20 ml medium. The pH
of the media was adjusted to 5.8 before gelling with 0.8%agar (w/v)

(Hi-media, India). Cultures were incubated under 16hr/8hr light
dark cycles (artificial light of 75.7 µmol m-2 s-1) at 24±2oC.

Standard error (SE) is given to indicate the variation in
means of experiments based on triplicates for each treatment. Means
of shoot number and shoot length in different treatments were
compared using analysis of variance (ANOVA). Computations were
carried out using SPSS, Chicago Inc.

Results and Discussion

MS medium devoid of plant growth regulator (PGR)
produced no callus, the explants maintained on this media remained
fresh for 1-2 weeks and then turned necrotic. Equimolar
concentrations of 2.22 or 2.85 µM each of BAP and IAA induced
calli in 40-50% of explants in full and half strength MS and P &
T,while best response of green and compact callus induction was
obtained from 80% explants in full strength MS with 2, 4-D 2.26 µM
and BAP 2.22 µM after two weeks of culture (Table 1). Remarkably,
only 70% explants responded to callusing on full strength of P & T
media with same concentrations of  2, 4-D (2.26 µM) and BAP
(2.22 µM). Synergism between auxin and cytokinin has been found
to be functioning in the majority of cases in tissue culture in
organogenesis and caulogenesis and 2, 4-D particularly has been
reported an ideal auxin for callus induction in ferns and woody
species (Byrene and Caponetti, 1992; Kwa et al.,1995,1997; Malik
et al.,2004; Maridass et al., 2010; Zibbu and Batra, 2010; Khalafalla
et al., 2010; Kondamudi et al., 2010; Vinoth Kumar et al., 2010).But
in the present study 2, 4-D with BAP was found more effective
combination for callus induction.

It was evident from the present study that salt concentrations
of the media played an important role in the induction of organogenic
calli from the explants. Full strength MS salts with most of the used
combinations of PGRs found to be best suited for callusing than the

Table - 1: Effect of plant growth regulators (PGR) as P & T and MS supplements on profuse callus induction from the leaf primordium explants of P. vittata
L. after two weeks

Media fortified with different concentration Average percentage Type of callus No. of explants No. of explants
(����M) and combinations of PGRs of response inoculated showed callus and

% response

P&T+BAP2.22 +2,4-D 2.26 64.8±0.4 P 20 13 (70)
P&T+BAP2.22 +IAA 2.85 69.8±0.4 G 20 09 (45)
P&T+BAP2.22 +NAA 2.68 67.8±0.1 G 20 04 (20)
$P&T+BAP2.22 +2,4-D 2.26 70.8±0.4 P 20 14 (65)
$P&T+BAP2.22 +IAA 2.85 75.6±0.3 G 20 10 (50)
$P&T+BAP4.44 +NAA 2.68 78.4±0.2 G,C 20 11 (55)
$P&T+BAP8.88 +NAA 2.68 66.8±0.3 C 20 11 (55)
$P&T+BAP2.22 +NAA 2.68 77.8±0.4 C 20 07 (35)
$$P&T+BAP2.22 + NAA 2.68 67.5±0.4 G,GGBs 20 06 (30)
MS 00 — 20 00 (00)
MS+BAP 2.22 +2,4-D 2.26 80.8±0.2 G,C 20 16 (80)
MS+BAP2.22 +IAA 2.85 77.6±0.4 G 20 08 (40)
MS+BAP2.22 +NAA 2.85 75.5±0.4 G,C 20 12 (60)

C=Compact, G=green, P=Pale green, F=Friable, GGBs=Green globular bodies, * = Parenthesis indicates % response, $ = 50% strength, $$ = 25% strength
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Table - 2: Effect of plant growth regulators (PGRs) on differentiation of the shoot from leaf primordium calli of P. vittata L.

Media fortified with different concentration
Average no. of shoots

Average length of shoots
(����M) and combinations of PGRs developed (cm ±SE)

$$P&T+BAP2.22 µM + NAA 5.36 1.7±0.08 1.5±0.12
$$P&T+BAP4.44 + NAA 2.68 2.8±0.06 2.0±0.18
$$P&T+BAP8.88 + NAA 2.68 1.3±0.01 1.4±0.11
MS+BAP4.44 + IAA 2.85 0.9±0.05 1.0±0.03
MS+BAP8.88 + IAA 2.85 1.7±0.03 0.9±0.02
$MS+BAP2.22 + IAA 2.85 1.2±0.04 0.8±0.04
$MS+BAP2.22 + NAA 2.68 1.0±0.02 0.9±0.06
$MS+BAP2.22 + IAA 5.70 1.2±0.08 0.9±0.03
$$MS+BAP2.22 + IAA 5.70 1.0±0.02 1.0±0.04

$ = 50% strength,  $$ = 25% strength. Values are mean of three triplicates ± standard error

A B

Fig. 1: In vitro shoot regeneration via caulogenesis in fern, Pteris vittata L. A =  Callus induction after two weeks of culture,  B =  Profuse callusing after
two weeks on MS+2.26 µM 2, 4-D +2.22 µM BAP, C&D = Regeneration of shoots on $$P&T+4.44 µM BAP+ 2.68 µM NAA   after 30 days of the cultures

C D
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full and half- strength  P & T salts with similar PGR combinations. Calli
produced on full strength of MS and P & T media of same concentrations
of PGRs were green, yellow and compact, while on 25 and 50%
strength of P & T, they were pale green in colour and appeared as
green globular bodies. Similar response of the reduced concentrations
of macro-and micro- salts was also obtained during micropropagation
of Roasmarinus officianalis L. (Mishra and Chaturvedi, 1993) and
Helminthostachys zeylanica (Mazumder et al., 2010).

On subculture, more shoot differentiation were observed on
the calli exposed to 50% strength of P & T media fortified with BAP4.44
µM and NAA2.68 µM with an average number of 2.8± 0.06 shoots
and 2.0± 0.18 cm. length within 30 days compared to those exposed
to other treatments (Table 2). In P.vittata 2, 4-D and NAA served as
a better auxin supplement than IAA for callus induction and shoot
differentiation. BAP is considered to be  one of the most useful cytokinin
for achieving the multiplication and differentiation of shoots in plants
(Stfaan et al., 1994) but in the present study, an optimized combination
of NAA with BAP gave the best response in shoot differentiation as
reported earlier in bermuda grass (Jain et al., 2005) and Vigna
unguiculata (Muhammad et al., 2008). During the study statistically
significant difference was not observed in the mean length of shoots
induced by using of different combinations of plant hormones with
media. Regeneration of plantlets via caulogenesis through rhizome
reported in P.vittata (Kshirsagar and Mehta, 1978) but rhizome
explants has the risk of destroying the whole plant.In addition, chances
of contamination, reduced viability, long propagation time associated
with the in vitro culture of rhizome and spore and advantages of
getting sufficient material and high rate of multiplication with leaf
primordium made the choice of the author for callus induction and
shoot regeneration in the study. The results of the present study
suggest that application of leaf primordium may be better option in
contrast to rhizome for micropropagation of this species.

Higher mean number of shoots and shoot length were
observed on calli under the influence of P & T media in combination
with BAP +NAA when compared to other combinations but statistically
no significant difference was observed when the means were
compared in one way analysis of variance.
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