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ABSTRACT

The pteridophytes include the fern and fern allies which jointly create the necessary environment for human life on earth with other green plants. Dipteris
wallichii (R.Br.) T. Moore is a rare and endemic pteridophyte of North East India. It is also facing severe threats due to its habitat destruction. Tribals destroy
the plant in large numbers for preparing their wine drinking pipes. An in vitro protocol for micropropagation of D.wallichii Moore was carried out using
standard Murashige and Skoog medium for spore germination and further cell proliferation. It was observed that supplementation of phytohormones mainly
auxins (Indole-3-Acetic Acid) were favourable for sporophyte development from prothallus. Further growth and differentiation of the prothallus and
sporophyte were recorded for various hormone concentrations and combinations and was observed to be best in 0.15 mg/L TAA + 0.20 mg/L KIN.
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INTRODUCTION
In vitro propagation or micropropagation has led to two
thrust areas of biotechnological application-

micropropagation of elite plants and production of plant
metabolites. It is estimated that there is a world market
potential of 15 billion US $ per annum for tissue culture
products'. Micropropagation is of specific importance in
conservation of depletion and valuable genotypes of
medicinal plants®.

The pteridophytes are the vascular plants that produce spores
rather than seeds. Most of the ferns grow as thick ground
cover and hence provide a good means to prevent soil erosion
and they invade easily into exposed areas. Pteridophytes by
virtue of their possessing great variety and fascinating foliage
have drawn the attention and admiration of horticulturists and
plant lovers for centuries. They are represented by about 305
genera, comprising more than 10,000 species all over the
world. About 191 genera and more than 1000 species are
reported from India. Medicinal value of pteridophytes is
known to man for more than 2000 years. Again, the North
East India has a rich vegetation of pteridophytes®*>*. It is
worth mentioning that the southern part of Assam (i.e. Barak
valley) also has a rich vegetation of ferns and fern-allies.

The rare and economically important pteridophyte species
should be treated as our natural heritage and properly
conserved by ex situ conservation for the endemic and rare
pteridophytes species by collecting live specimens from the
wild and grow them in pots for propagation in Fernery’.

Ferns have worldwide distribution growing in all continents
except Antarctica and most islands favouring moist temperate
and tropical regions®. Ferns have been cultured in vitro to
study their growth, development or differentiation and to
achieve their micropropagation due to their ornamental value.
Several species of ferns have successfully been propagated
by this method’. Application of in vitro culture methods
could contribute to increase sporophyte production of those
desirable species. At the present time, a high number of
individual researches are oriented towards the propagation of
pteridophytes with a view to conserve their diversity.

The culture of tissue in ferns has been utilized as research
instrument for the study of the developing potentialities of
the leaf primordia ever since the early 1960’s'’. The first
successes in the field of the intensive multiplication of plants
through in vitro techniques are cited around 1970, the fern
Nephrolepis exaltata bostoniensis being the first plant
micropropagated in vitro with a commercial purpose'’. 157
million plants, ie. 74% out of the total production of
micropropagated plants, have been ornamental species'”. Out
of these, approximately 40 million plants have been pot
plants. Top of the list, with 17.8 million plants, is the fern
Nephrolepis".

Dipteris wallichii (R. Br.) T. Moore belongs to the family
Dipteridaceae. The Dipteridaceae are a rather primitive
group of ferns related to the Gleicheniaceae and distant from
the Polypodiaceae, with the fossil record beginning in the
Upper Triassic. Dipteris is the only living genus of the family
Dipteridaceae while other genera, viz., Clatopteris,
Dictyophyllum and Camptopteris are now extinct'*. There are
twelve species in the genus Dipteris and only two in India-
Dipteris wallichii (R. Br. ex Hook et Grev) T. Moore'>'® and
Dipteris conjugata Reinw'". The species D.wallichii was first
reported from Assam in Luckipoor'®'?. Many works on the
systematic and distribution pattern of D.wallichii was
accomplished time to time with a mention of its distribution
from Barak valley in Assam'. D.wallichii is an endemic fern
to North Eastern region of Himalayas facing severe threats
due to its habitat destruction and has been categorized under
vulnerable category of the TUCN (2000). It survives in
extremely specialized habitat near the streams in small
isolated patches and is very distinct with its large, beautiful
bi-lobed fronds. The decoction of its rhizome is taken to cure
jaundice. Tribals destroy this plant in large numbers for
preparing their wine drinking pipes.

In spite of its critical status, no attempts for in vitro
conservation of the plant have been taken till date except the
studies on the spore germination, developmental pattern and
sexuality of gametophytes®. In the present paper, taking into
consideration its sporadic occurrence in specialized habitats
and its evolutionary importance, an attempt has been made to
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culture spores of D.wallichii Moore in vitro in order to save
the plant from expected extinction. Therefore, in vitro culture
and subsequent regeneration of sporophytes from the spore
culture of the ferns will be very much helpful for mass
cultivation as well as screening of phytochemicals present in
the plant.

MATERIALS AND METHODS

Source of explant and sterilization: Mature sporophylls of
D.wallichii Moore were collected from Baghbahar area of
Cachar district, Southern Assam and were authenticated by
the Department of Life Science and Bioinformatics, Assam
University, Silchar. The spores were separated from air dried
sporophylls and stored in a glass (reagent) bottle under
refrigeration. Surface sterilization of spores was done with
35% (v/v) solution of Sodium hypochlorite (4% active
chlorine) for 30 minutes before filtering through sterile
(autoclaved) filter paper and washing several times with
sterile double distilled water. The spores were then inoculated
in nutrient medium with wet condition.

Preparation of culture medium: The nutrient medium used
for inoculation of spores is Murashige and Skoog (MS)'
medium. The pH of the medium was adjusted to 5.8. After
adjusting the pH, agar powder (0.8%) was mixed with the
medium and boiled until a clear frothing solution was
obtained and then poured in culture tubes and culture bottles
respectively. Autoclave was done at 15 lbs/sq. inch of
pressure for 20 minutes to make the medium free of micro-

organisms. The culture bottles and tubes containing the
nutrient medium were then allowed to cool for 24 hours in
the culture laboratory. The surface sterilized spores were
inoculated in the culture tubes and bottles under Laminar Air
Flow Cabinet to maintain the aseptic conditions. The cultured
spores were incubated in Culture Room of the Tissue Culture
Laboratory at 25°C+ 1°C, under 16 hour photoperiod and 8
hour darkness.

Morphological characters studied

Prothallus structure, sporophyte length, fresh weight and dry
weight of sporophyte developed from the same prothallus
were studied. Germination percentage was also calculated
from the following formula for each observation.

Germination percentage (%) =
Total germinating spores ineach microscopicfield

X 100

Total spore

Effect of plant growth regulators

Auxins [Indole-3-acetic acid (IAA)] and Cytokinin [Kinetin
(KIN)] were the different plant growth regulators
(phytohormones) selected for study. Proportionate amount
from stock solutions of different growth regulators were
taken and the final volume of the medium was adjusted upto
the mark in the volumetric flask. Different concentration and
combinations of the growth regulators were tried and their
effect on the growth of sporophytes studied.

Table 1: Average Germination Percentage

Media no. Media Composition Germination percentage
MS 1 MS + 00 mg/L Sucrose + 0.0 mg/L TAA 50
MS 2 MS + 00 mg/L Sucrose + 0.1 mg/L IAA 11
MS 3 MS + 15 mg/L Sucrose + 0.1 mg/L TAA 17
MS 4 MS + 15 mg/L Sucrose + 0.2 mg/L IAA 12
MS 5 MS + 30 mg/L Sucrose + 0.1 mg/L TAA 15
MS 6 MS + 30 mg/L Sucrose + 0.2 mg/L IAA 10

Table 2: Growth of Gametophytes (Prothalli) in fresh weight after 3 Months (N =10)

Media no. Media composition Weight of prothallus (mg)
MS 7 (Control) MS +0.00 mg/L TAA 70.25
MS 8 MS +0.10 mg/L TAA 62.38
MS 9 MS +0.15 mg/L TAA 80.75
MS 10 MS +0.20 mg/L TAA 55.49
MS 11 MS +0.25 mg/L TAA 50.82
MS 12 MS +0.30 mg/L TAA 48.67

Table 3: Growth of Sporophytes in terms of fresh and dry weight after 6 months

Media KIN IAA Fresh weight (g) Dry weight (g)
Number (mg/L) (mg/L) (Mean + SE) (Mean = SE)
MS 13(C) 0.00 0.00 0.998 + 0.20 0.325+0.19
MS 14 0.05 0.15 1.045 £ 0.26 0.279£0.16
MS 15 0.10 0.15 1.925+0.21 0.530 £ 0.20
MS 16 0.15 0.15 2.545+0.18 0.980 £ 0.27
MS 17 0.20 0.15 3.125+0.11* 1.002 £ 0.15*
MS 18 0.25 0.15 3.050+0.13 0.925+£0.24
MS 19 0.30 0.15 2.970+0.14 0.875+0.18

*indicates significant differences at p< 0.05. Each concentration consisted of mean value of 3 replications and each replication of 10 culture bottles or flasks.

Table 4: Length of the Sporophytes after 3, 6, 8, 10 and 12 months

Media number Months Length of Sporophytes (cm)
MS 17 3 2.5
MS 17 6 3.2
MS 17 8 6.5
MS 17 10 7.2
MS 17 12 7.0
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Figurel: Germinating spores and prothalli formation of D.wallichii
Moore in vitro from spores

Figure 2: Multiplication and differentiation of prothallus of D. wallichii
Moore to sporophytes in 3 months.

Figure 3: Developing sporophytes of D.wallichii Moore in MS 17 (4
months)

Figure 5: Sporophyte of D.wallichii Moore in MS 17 (8 month)

RESULTS

Germination of spores: Spores of D.wallichii Moore were
found to germinate after 45 days from the day of inoculation.
The germination percentage was found to be maximum
(50%) in the medium supplemented without sucrose and
growth regulators (MS 1). Of all the germinated spores,
sporophytic bodies did not develop. This may be due to short
viability of the spores wherein delayed onset of ambient
conditions compels spore degeneration in total and the
admixed gametangia expression, where they compete for

Figure 4: A 6 month old sporophyte of D.wallichii Moore in MS 17

N
\

Figure 6: A fully grown sporophyte of D.wallichii Moore in MS 17
(10 month)

their nutritional demands, failing which the developing
gametangia degenerate upto half of their numbers®.

Prothallus development: Spores germinate to produce
prothallus. After germination, the spores divide into
prothallial initial and rhizoidal initial. The prothallial initial
produce prothallus and rhizoidal initial produce unicellular
rhizoids. The prothallus is heart shaped structure and bears
antheridia (male sex organs) and archegonia (female sex
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organs). The prothalli are long lived and become more or less
elongated with age.

Effect of growth regulators on the development of
gametophytes: Five concentrations of Indole-3-acetic acid
(IAA) viz., 0.10 mg/L, 0.15 mg/L, 0.20 mg/L, 0.25 mg/L and
0.30 mg/L were selected for culture of prothallus in MS
medium. The fresh weight (in mg) of the prothallus were
recorded after a period of 3 (three) months. It was observed
that MS 9 gave the maximum average growth of the
prothallus bearing gametophytes. Hence 0.15 mg/L of IAA
was considered as the optimum dose of IAA for the culture of
prothallus with different combination of growth regulators in
MS medium.

Development of sporophyte: Young sporophytic bodies
were found to develop from the prothallus (bearing both

gametophytic  structures).  The  antheridia  produce
spermatozoids and each archegonium produce one egg. The
spermatozoids fertilize the egg to produce diploid

sporophyte. Maximum growth of sporophytes was observed
in MS 17 followed by MS 18 and MS 19. It was observed
that increase in KIN concentration (keeping IAA
concentration constant) result in increase of fresh and dry
weight of the sporophytes™.

Development of root-like rhizoids: The young sporophytic
bodies in the culture bottles were observed to develop root-
like rhizoids. The maximum increase of plant height was
found to be 7.2 cm in MS 17. It may be due to maximum
growth of root-like rhizoids.

Hardening: The fully grown sporophytes were carefully
taken out from the culture bottles and washed gently with
sterile double distilled water to remove adhering agar
medium so that contamination does not occur. The
regenerated sporophytes were transferred to vermiculite (a
sterile inert medium) and hardened by covering them with a
thin perforated transparent polythene bag to maintain
humidity and sprayed with 1/10™ strength MS salts solution
and maintained in the culture condition for acclimatization.
Finally, the sporophytes were transplanted to earthen pots
containing sterile dried moss, sand and brick bats in the ratio
of 1:1:1.

DISCUSSION

The main problem for establishment of in vitro propagation
protocols in pteridophytes is the presence of micro-organisms
in the plants, hindering the process of disinfection and
affecting their survival”. Spores have been used as the
explant source for successful high frequency regeneration of
plants. Although the regeneration of plants from spores is
quite difficult in vitro, but optimization of every step from
initiation to acclimatization makes it more feasible to produce
plants from spores in vitro™.

Sterilization of spores of D.wallichii Moore with 0.1%
Mercuric chloride for 2 to 3 minutes results in very poor
germination. But when treated with 35% (v/v) Sodium
hypochlorite solution (4% active chlorine) for half an hour,
better germination percentage was observed. Lowering the
percentage of Sodium hypochlorite and time period leads to
contamination by fungus and bacteria. So standardization of
the explants sterilant and time period by trial and error
method is essential for better germination. Harvested spores
lose their viability if stored for more than 6 months and

exhibit less germination percentage™. So it is better to use
fresh spores for germination.

Fern spores grow in sugar deficient medium containing
macro and micro nutrients and differentiate sex organs. When
supplemented with sucrose, contamination occurs and growth
regulators supplementation did not make much difference
(Table No.1). It was reported that Dyer and MS medium
supplemented with sucrose resulted in lower germination and
early gametophyte development of endangered fern
Dicksonia sellowiana®. High sucrose level in the culture
medium might result in chlorophyll degradation and reflect
on the frond development®. In vitro plant regeneration had
been successful for Cyathea lepifera in half strength MS
medium without sucrose®’.

Germination percentage was found to be maximum (50%) for
spores of D.wallichii Moore in MS basal medium (MS 1). Of
all the germinated spores, sporophytic bodies did not
develop. This may be due to the fact that short viability of the
spores compels spore degeneration in total and the
developing admixed gametangia degenerate upto half of their
numbers because of nutritional demands. Also rhizomatous
propagation rather than spore germination (which is common
among most ferns) occurs in D.wallichii Moore and hence
localised in distribution.

After germination, all spores become green in colour and
were transferred to MS medium supplemented with growth
regulators. It was observed that MS medium supplemented
with 0.15 mg/L TAA (MS 9) supported best growth of
gametophytes in terms of fresh weight (80.75 mg) as shown
in Table No.2. Increasing concentration of IAA resulted in
decline of the fresh weight of the gametophytes.

Sporophytes developed from gametophytes in three months.
In order to study the combined action of IAA and KIN on the
developing sporophytes, six combinations were taken. Out of
which, 0.15 mg/L TAA + 0.20 mg/L KIN (MS 17) showed
better results in terms of fresh weight (3.125 g) of
sporophytes (Table No.3). Growth increased manifolds due to
combined action of IAA and KIN because auxins alone lead
to cell enlargement while KIN induces cell division in
presence of auxin®®. Cytokinin is also helpful in lipid
metabolism to increase growth®.

Height of sporophytes of D.wallichii Moore were measured
in random. Maximum average height of the sporophytes (7.2
cm) were observed in MS 17 i.e. 0.20 mg/L KIN + 0.15 mg/L
TAA. After the complete sporophyte regeneration, hardening
was done and the sporophytes were gradually exposed to the
natural environment, where they exhibited 80% survivability.
The present study describes the requirements for in vitro
spore germination and gametophyte development of this
highly endangered species - Dipteris wallichii Moore. The
results may promote large scale cultivation to compensate its
depletion in nature.
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