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ABSTRAC

Somatic embryos (=PLBs) are the most common micropropagule used for the encapsulation purposes in
production of artificial seeds. Artificial seed development is an effective and alternative method of clonal
propagation in recalcitrant species, its germplasm conservation and prolonged storage without losing
viability. The conversion frequency of artificial seeds shows inverse relationship with the period and storage
temperature. The artificial seeds stored at 4°C showed better re-growth and prolong preservation than those
stored at 25°c, attributed to low metabolic rate. Artificial seeds are easy to handle, ensure economy of
space, and also reliable for plant breeders for clonal germplasm conservation. An isodiametric, spherical,
firm beads are formed in a gelling matrix of 3% sodium alginate and 100 mM calcium chloride and these
artificial seeds stored at 4°c are inoculated on agar gelled nutrient medium (BM) after 0, 15, 30, 45, 60, 120,
150, 180 days, with conversion frequencies 84.38 + 3.12; 84.38 + 3.12; 78.13 + 3.12; 78.13 + 3.12; 75; 75; 59.4
+ 3.12; 31.25 respectively. However, at 25°C, the re-growth occurs in 81.25 *+ 6.25; 81.25 + 6.25; 75 + 6.25; 43
+6.25 & 37.5% respectively. When artificial seeds are coated with sterilized talcum powder, showed positive
effect on shelf-life, however, the conversion frequency is hampered at both temperature regime (4°c and
25°c). The regenerated plantlets are accilimatized and transferred to pots filled with moss, pinebark, brick
and charcoal pieces (1:1:1:1) mixture with 90% success.
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INTRODUCTION

The orchids constitute one of the largest & diverse family of flowering with 30,000-35,0000 species in 600-800
genera (Sarmah et al., 2017). Orchids are not only important in terms of economical and aesthetic aspects but
the ecological specialization contributed to the great species diversity. Despite the fact that orchids produce
large number of seeds and are bestowed with an inherent potential of vegetative reproduction ,they do not
form dominant vegetation anywhere in the world due to its reliance and complex ecological interaction on
insect pollination and suitable mycorrhizal association, hence orchids are the first biological indicators of
ecosystem decay and progressively losing its natural habitat and is getting rarer with every passage of time
due to poor regeneration and extensive anthropogenic pressures and figures prominently in the red data book
prepared by International Union for Conservation of Nature and Natural Resources (IUCN, 1991). Tissue
culture technique ias an alternative technology to propage recalcitrant species. Murashige (1978) pioneered
the concept of ‘artificial seeds’ for the clonal propagation by encapsulating embryoids in nutrient gel. Artificial
seeds, an analog to natural botanic seed, opened new avenue for multi-clone commercial production.
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Synseeds’ are easy to store and transport, cost effective and as a cheap alternative to cryopreservation; it
contributed in germplasm preservation of recalcitrant species. Earlier the concept of artificial seed production
is restricted to somatic embryogenetic plant species. Recently, various plant materials i.e. shoot tips, Axillary
buds, nodal segments. microshoots and embryogenic callus are used (Ara et al.,2000; Mandal et al., 2000; Rai
et al., 2008; Chand and Singh, 2004; Ahmad and Anis, 2010; Sharma and Shahzad, 2012; Rihan et al., 2011,
Rihan et al., 2017).

Rhynchostylis gigantean (Lindl.) Ridl., native of Thailand, distributed in the tropical climates from India
eastwards to Philippines. Its taxonomic identity is often mistaken with R. retusa from which it differs in having
robust morphology, hence also called giant orchid. R. gigantean (Chang Phueak orchids) is most valuable fox
tail orchid, which bears beautiful flowers with attractive citrus scent, is prodominatly used as ornamental
plant. R. gigantea has been used as progenitor of high profile inter specific to inter generic hybrids. Besides
being victim of its own beauty and utility R. gigantea is progressively losing its natural habitat and is getting
rarer with every passage of time and figures prominently in Appendixll of the Convention on International
Trade in Endangered species of Wild fauna and flora (CITES, 2012, 2017).The production of artificial seeds is
reported in several plant species (Rihan et al., 2017), however, in orchids the present study is the pioneer
attempt in the encapsulation of prtocorm like bodies(PLBs) in R. gigantea.

MATERIAL AND METHODS

Explant Material

Somatic embryos (=PLBs) are the most common micropropagule used for the encapsulation purposes in
production of artificial seeds (=Synseeds) .Uniform size (5mm) organogenetic PLBs are harvested from the in
vitro inoculated foliar explants of R. gigantea Lindl. plants, which are collected in nature from Garhwal
Himalayas eastwards to Arunachal Pradesh(1000-1800m) and grown under greenhouse conditions at Punjab
University, Chandigarh.

Sterilization Method

The foliar explants harvested from stock plants are first washed in running tap water with 2% teepol for 15
minutes which is followed with sequentially sterilization with solutions of Streptomycin (0.1%, 20 min). Sodium
hypochlo--rite (4%, 15min) and ethanol (70%, 3sec) before rinsing thrice with sterilized distilled water.

Media and culture conditions

Excised foliar explants(<0.75 cm long ) are used as explants and inoculated on sucrose (2%) supplemented
and agar(0.9%) gelled basal medium(BM: Mitra et al 1976 ) and its various combinations with alone BAP (6-
Benzyl amino purine; 0.5-5mg/), KN (Kinetin; 0.5-5mg/l) or in combination with NAA (a-naphthalene acetic
acid; 1 mg/l) for production of protocorm like bodies (PLBs). The pre-inoculation medium pH was adjusted at
5.6.In parallel set of experiments 0.2% activated charcoal (AC) is used in the medium. Sixteen replicates for
each treatment and the experiments were repeated a four times. All experimental manipulations are done
under aseptic conditions and the cultures incubated at 25+2°C under 12 hr photoperiod of 3500 lux light
intensity.

Preparation of Artificial Seeds

The preparation of the artificial seeds initiated with the dispersion of uniform size (5mm) PLBs in the sodium
alginate (2, 2.5,3 and 4 %) solutions in the BM medium for 10 minute. The mixture is pipette dropped using
pasteur pipette individually into the different concentrations of calcium chloride (CaCl,2H,0: 50, 75, 100 mM)
solutions, which was constantly agitated with Teflon coated magnetic stirrer (Table 1). When sodium alginate
drops come in contact with calcium chloride solution, surface complexation begins and firm round beads are
formed with one PLB. The blobs are allowed to complex in solution for time period ranging between 10-40 min
(Table2). It is observed that the PLBs encapsulated with 2-2.5% alginate and exposed to 50-100mM CacCl, 2H,0
solution produced fragile, leaking and tailed beads. However, the spherical, isodiametric and non-leaky beads
are formed by using 3% sodium alginate and 100mM CaCl, 2H,0 with 40 minutes of complexation time
(Table2; Fig.1) and subsequently the beads are picked up with the help of spatula dried on a filter paper. After
encapsulation, the artificial seeds were preserved at 4°C and 25°c for 15, 30, 45, 60, 120, 150 and 180 days
respectively. Agar gelled nutrient (Mitra et al., 1976) medium and sterilized talcum powder are used as the
sowing substratum. The liquid medium pH is adjusted at 5.6. All the experimental manipulations are done
under aseptic conditions and the cultures incubated at 25+ 2°C under 12 hr photoperiod of 3500 lux light
intensity, are regularly observed.
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Data recording

The cultures are observed on every fifth day and the response of artificial seeds to different chemical stimuli
and temperature regime is recorded to study different parameters i.e. regeneration frequency, number of
proliferative loci/synseed and the time required for artificial seed initiation, organogenesis and subsequent
morphogenesis.

Acclimatization of the Plantlet

Plantlets (3cm) tall are transferred to semisolid medium containing only half strength macro and micro salts of
BM (Mitra et al, 1976 medium; Fig.5) and subsequently the sucrose and vitamins are elimated. The palntlets
are maintained till they are 4-5cm tall and after that washed acclimatized plantlets are transferred to moss,
pinebark, brick and charcoal pieces (1:1:1:1) mixture covered with poly bags. The holes of increasing size are
made at regular interval onto poly bags, to reduce the humidity level gradually. The bags were removed after 4
weeks and hardened plants are transferred from 90% shade to the sunlight. Fortnightly spray with Bavistin
(1%) is done to keep fungus off from the young plants& 90% survival rate is observed.Fig.6shows an
acclimatized plantlet.

RESULT

In present investigation, an attempt have been made to produce synthetic seeds by encapsulating protocorm
like bodies(PLBs) in R. gigantea with a view to save propagules from stresses ,strains and injuries during long
distance transport. The synthetic seeds of sodium alginate(3%) and 100 mM calcium chloride was found to be
most suitable for formation of firm, clear and isodiametric ideal beads (Figl;Table 1), however, lower
concentrations of sodium alginate (2% ) and calcium chloride (50 -75 mM), beads were fragile and tailed
beads. The freshly formed ‘Synseeds’ shows 84.38 + 3.12 and 81.25 + 6.25 conversion frequency respectively
at 4°C and 25°c (Fig.2). However, with every 15 days passage they showed progressive decline i.e. after 0, 15,
30, 45, 60, 120, 150, 180 days of storage at 4°c in agar gelled nutrient medium(BM),the frequencies to plantlet
conversion are 84.38 + 3.12; 84.38 + 3.12; 78.13 + 3.12; 78.13 %3 .12; 75,75; 59.4 + 3.12; 31.25 respectively
(Table3). However, at 25°C, the re-growth occurs in 81.25 * 6.25; 81.25 + 6.25; 75 * 6.25; 43 * 6.25 and 37.5%
respectively at 0, 15, 30, 45 and 60 days and the regeneration id indirect somatic embryogenesis (Fig. 4). When
these artificial seeds are coated with sterilized talcum powder and inoculated on the agar gelled medium after
storage at different temperature regime (4°c and 25°c) showed positive effect on shelf-life, however, the
conversion frequency is hampered i.e. 84.38 + 3.12;78.13 + 3.12; 78.13 + 3.12; 75;75; 59.4 + 3.12; 31.25; 31.25
at 4°C, however, at 25°C, despite the fact that the conversion frequency hampered, the conversion ability of
‘artificial seeds’ is prolonged and showed 81.25 + 6.25; 75 + 6.25; 43 + 6.25; 37.5; 37.5; 25 respectively at 0,
15, 30, 45,60, 120, 150, 180 days, however, talcum treated ‘Synseeds’ retained viability after 120 days of
storage (Fig. 3; Table3).

Table 1. Effect of different concentration of sodium alginate and dihydrate Calcium chloride on beads
formation Sodium Alginate.

CaCl,.2H,0 (mM) 2.0% 2.5% 3%
50 + + ++
75 + +++ +++
100 + +++ +++

*observation taken after a 40 mins complexation period; + refers to bead quality in terms of shape, size and
firmness
Table 2. Effect of treatment time for synthetic seeds formation.

Medium Treatment Quality of Remarks
time (min) ‘seeds’
Na-Alginate (3%) 10 + Fragile, leaky and tailed seeds
+ CaCl, 2H,0 20 +++ Fragile, leaky and tailed seeds
(100Mm) 30 +++ Isodiametric soft
40 ++++ Isodiametric compact
DISCUSSION

The attempt to produce synthetic seeds have been done on several plant species, however, there were only
few reports in Orchids (Mohan raj et al, 2009, Sarmah et al., 2010, Gupta, 2016, Rihan et al.,
2017).
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Explants such as shoot tips, axillary buds and somatic embryos are encapsulated in cryoprotectant material like
hydrogel, sodium alginate, ethyleneglycol and chitosan. Although a variety of natural and synthetic polymers
are available for encapsulation, sodium alginate is the most commonly used gel-matrix because of its easy
gelling properties, non-toxicity, less viscosity and low cost (Redenbaugh et al., 1987, Nagananda et al., 2011,
Pradhan et al., 2014, Gupta, 2016, Magray, 2017, Rihan et al., 2017). The coating protects explants during
handling and allows conversion without inducing variations.

Table 3. Effect of temperature, storage period on the conversion frequency of artificial seeds in R. gigantea.
Substratum Storage 0 15 30 45 60 120 150 180
Tempera
ture

Agar-gelled 4oc 8438+ | 84.38 | 78.13+ | 78.13 75 75 59.4+ | 31.25

nutrient 3.12 +3.12 3.12 +3.12 3.12

(Mitra et 250c 81.25+ | 875+ 75+ 43 + 37.5 - - -
al.,1976)me 6.25 6.25 6.25 6.25

dium

Talcum 4oc 84.38+ | 78.13 | 78.13% 75 75 59.4 | 31.25 | 31.25

powder 3.12 +3.12 3.12 +3.12

coated 250¢c 81.25+ 75+ 43 + 37.5 37.5 25 - -
‘Synseeds” 6.25 6.25 6.25

Figure 1. Encapsulation PLBs with 3% Na-alginate in 100mM Cacl2 solution and complexed for 40 min,
Figure 2. Different stages of germination of encapsulated PLBs in BM medium,
Figure 3. Talcum coated ‘Synseed’ on BM+AC medium,
Figure 4. ‘Synseed’ showing indirect somatic embryogenesis mediated proliferation,
Figure 5. Acclimatization in half strength BM medium,
Figure 6. Acclimatized plantlet.

In present study, a gelling matrix of 3% sodium alginate and 100 mM calcium chloride was found to be most
suitable for formation of firm, clear and isodiametric ideal beads .A similar result have been observed in the
encapsulation of PLBs in Cymbidium giganteum and Dendrobium’ Sonia’, Flickingeria Stevia (Sai Prasad and
Polisetty, 2003, Naganada et al., 2011, Ali et al., 2012, Gantait et al., 2017, Magray et al., 2017).

e
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At lower concentrations of sodium alginate (2%) and calcium chloride (50 -75 mM), beads were fragile and
tailed beads, too soft to handle and failed to form isodiametric and defined shaped as it did not support the
proper ion exchange due to improper ion exchange in compliance with earlier reports (Singh et al., 2006,
Sarmah et al., 2010, Nagananda et al., 2011, Asmah et al., 2011, however, at higher concentrations of sodium
alginate ( 4% to 5%) and calcium chloride (150 to 200 mM), beads are iso-diametric but were hard enough to
cause considerable delay in seed germination, hence not only the concentrations of gelling agents but also
complexing duration plays an important role on rigidity and conversion frequency of artificial seeds in
compliance with earlier reports ( Singh et al.,2006,Sarmah et al., 2010, Nagananda et al., 2011, Asmah et al.,
2011, Magray et al., 2017). The conversion frequency of such ‘Synseeds’ is observed to vary with the passage
of time and their storage i.e. inversely proportional to the period and temperature of storage. The artificial
seeds stored at 4°C A showed better re-growth than to those stored at 25°c, attributed to low metabolic rate
and ‘Synseeds’ remained in a quiescent state that prolonged preservation of nutritive reservoir, on contrary
artificial seeds stored at room temperature (25°c), showed higher metabolic activities, hence deplete the
nutritive endosperm &results in low germination frequency (Table3), in compliance with earlier reports (Bapat
and Rao, 1990; Redenbaugh et al., 1991; Nieves et al., 2001; Ikhaq et al., 2010; Rihan et al., 2017). In present
study, a gelling matrix of 3% sodium alginate and 100 mM calcium chloride was found to be most suitable for
formation of firm, clear and isodiametric ideal beads .A similar result have been observed in the encapsulation
of PLBs in Dendrobium’ Sonia’, Flickingeria, Grammatop--hyllum scriptum, Spathoglottis plicata, Stevia,
Tylophora indica (Sai Prasad and Polisetty, 2003, Nagananda et al., 2011, Ali et al., 2012, Gantait et al., 2017,
Haque et al., 2017, Pitoya et al., 2017), however, in contrary the higher conversion frequency observed in 4%
Sodium Alginate and 75mM dihydrate calcium chloride in Cymbidium giganteum, pointed Gourd (Magray et
al.,2017). Use of talcum powder though pronounced shelf life of ‘seeds’ but adversely affect the conversion
frequency of synthetic seeds (Dave et al., 2004; Table3).

CONCLUSION

The encapsulation technique has opened up new avenues in the field of floriculture and became an asset to
micropropagation and germplasm conservation of recalcitrant and elite genotypes. The conversion frequency
of such ‘Synseeds’ is observed to vary with the passage of time and their storage i.e. inversely proportional to
the period and temperature of storage. An optimal concentration of 3% sodium alginate coated with100 mM
calcium chloride dihydrate is essential for formation of firm, clear and isodiametric beads which showed
maximum germination 84.38 + 3.12 after 15 days of storage at 4°c.
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