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Abstract

Efficient artificial seed protocol for the orchid Dendrobium friedericksianum
Rchb.f. was developed for in vitro conservation study. Dendrobium friedericksianum
Rchb.f. is a beautiful native Thai wild orchid found in the eastern provinces of
Thailand especially in Chanthaburi province. Currently, illegal forest harvests are
impacting this orchid. Meanwhile, environmental changes due to wood-cutting and
the decreasing rate of natural breeding cause decreasing numbers of this orchid and
lead to a higher risk of extinction. For the reasons mentioned, we have been trying to
either keep or preserve the orchid strains. The present study was to develop an
effective and applicable protocol for short term in vitro storage of protocorm-like
bodies (PLBs) of this orchid species. PLBs were encapsulated in 3% sodium alginate
(Na-alginate) and 100 mM calcium chloride (CaCl;.2H20). The efficiency of survival
declined with both increasing storage duration and storage temperature. The
encapsulated PLBs were stored at 4 and 25°C for 30, 60, 90, 150 and 180 days. After
storage, PLBs were transferred to modified VW medium to determine the time taken
for germination, the germination percentage, and the morphological categorization of
regenerated PLBs. Encapsulated PLBs stored at 4°C had rapid deterioration and
complete death within 150 days, while those stored at 25°C were more tolerant to
storage. Encapsulated PLBs survived longer when stored at 25°C compared to 4°C. All
plantlets survived after acclimatization when transferred to greenhouse.
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INTRODUCTION

“Leaung chanthaboon” is the name of local orchid that was found in the eastern region
of Thailand, especially Chanthaburi province. It is in the genus Dendrobium, from the family
Orchidaceae, and the scientific name is Dendrobium friedericksianum Rchb.f, (Boonkead et al,,
1982). The scientific name for the flower strain with a red brown spot at the lip is D,
friedericksianum Rchb.f. var. oculatum S&S. (Paireepairit, 1978). Nowadays, illegal forest
cutting has nearly wiped out this orchid. Meanwhile, the changes in the environment from
wood-cutting and the decreasing rate of natural breeding have resulted in decreasing
numbers of orchids, which leads to a much higher risk of extinction. For the reasons
mentioned, we have made an effort to keep and preserve the orchid strains,

Tissue culture techniques of great interest for the collecting, multiplication and
storage of plant germplasm are aseptic systems, the production of pathogen-free stocks, the
reduction of space requirements, genetic erosion reduced to zero under optimal, storage
conditions, and the reduction of the expenses in labor costs (Engelmann, 1991). There are
several in vitro conservation techniques such as reducing the growth, artificial seed
technique, or cryopreservation. Alginate-encapsulation of plant organs has been used to
produce artificial seeds or synthetic seeds which can serve as an efficient tool for storage,
germplasm conservation, and direct distribution of planting materials for propagation
(Germana et al, 2011). Germplasm conservation using alginate encapsulation techniques
has been reported for regeneration of low temperature stored encapsulated protocorms of
orchid, with most concluding 4°C to be optimum (Datta et al., 1999; Saiprasad and Polisetty,
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20037 Mohanraj et al;2009). However, the response of synihetic seeds to storage
temperature appears to be species specific. Interestingly, a few reports exist that
demonstrate success when stored at higher temperatures such as 22+2°C (Divakaran et al,,
2006} or 25°C (Bustam et al, 2013). The aim of this present study was to develop an
effective and dpplicable protocol for short term in vitro storage of protocorm-like bodies of
Dendrobium friedericksianum Rchb.f,

MATERIALS AND METHODS

Protocorm-like bodies (PLBs) of Dendrobium friedericksianum Rchb.f, were induced
from seed-derived protocorms. These PLBs were used as the starting material for
multiplication on meodified Vacin and Went {1949) medium supplemented with coconut
water (150 mL L1}, sucrose (20 g L'} and agar (8 g L1). The pH of the medium was adjusted
at 5.0 with 0.1 M NaOH and 0.1 M HCI and autoclaved at 121°C and 15 p.s.i. for 15 min.
Cultures were kept under a 16-h photoperiod provides by cool-white fluorescent lamps with
a light intensity of 40 pmol m2 s-1 at 25°C. PLBs of Dendrobium friedericksianum Rchb.f. were
encapsulated with 3% sodium alginate and 100 mM CaCl».2Hz0 (Sarmah et al, 2010). The
alginate beads containing the PLBs were held for 30 min with continuous shaking to
complete polymerization of sodium alginate. The calcium chioride solution was decanted
and encapsulated PLBs were retrieved by washing with sterilized distilled water for 3 times,
and surface dried with sterilized filter paper in petri dishes for 5 min. Encapsulated PLBs
were transferred to screw capped air-tight containers. Ten beads were kept in a single
container and were replicated four times for all storage temperature and storage period, The
containers were stored for 30, 60, 90, 150 and 180 days at 4 and 25°C. After storage period,
encapsulated PLBs were cultured into culture bottles containing 20 mL of modified Vacin
and Went (1949) medium supplemented with coconut water (150 mL L1}, banana (50 g L-1),
potato (50 g L1}, sucrose {20 g L'') and agar (8 g L-1). The pH of the medium was adjusted at
5.0. PLB growth was observed to determine the time taken for germination, germination
percentage, and morphological categorization of regenerated PLBs,

Each experiment consisted of four replicates, with ten encapsulated PLBs in each tube.
All data were analyzed as factorial in completely randomized design which used analysis of
variance {ANOVA) and least significant difference (LSD) tests at P<0.05 to determine
differences among treatments.

RESULTS AND DISCUSSION

Germination of stored encapsulated PLBs and their subsequent conversion into
plantlets occurred sequentially on modified Vacin and Went (1949) medium. Initially,
encapsulated PLBs were observed on the surface of the beads in all treatments, PLBs were
considered to have survived upon emergence from the encapsulation matrix on regeneration
medium. The present study has revealed that encapsulated PLBs storage at 25°C survived
longer when compared to PLBs stored at 4°C, Encapsulated PLBs stored at 25°C maintained
100% of germination percentage without loss of viability up to 180 days of storage whereas
when stored at 4°C decreased in germination percentage with 75, 62.5 and 40% after
storage for 30, 60 and 90 days, respectively. The conversion percentage after 90 days of
storage at 4°C was lower when compared to storage at 25°C (Table 1). Similar results were
found in Aranda Wan Chark Kuan ‘Blue’ x Vanda coerulea Grifft. ex. Lindl; a monopodial
orchid was achieved at 25°C for 180 days (Gantait et al., 2012).

After 8 weeks of culture all of the encapsulated PLBs stored at 4°C for more than 90
days turned white when cultured and were not able to germinate. An earlier observation of
Dendrobium ‘Shavin White' reported that the decline in the viability of the long-stored
encapsulated PLBs at 4°C may be due to chilling injury inside the cell when stored long in
low temperature (Bustam et al,, 2013). PLB has high moisture content and could not tolerate
below a critical level to assure post-storage viability. Thus, storage at low temperature was
not possible because it requires low moisture content which could not be achieved without
losing the viability. Stored at 25°C, encapsulated PLBs converted to plantlets at 85 to 95%
(Table 2j. The time required for encapsulated PLBs to germinate and produce plantlets at
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duration, at each storage temperature treatment, the number of PLBs that survived declined;
and the time taken to produce both leaves and roots increased. Similar results were found
with encapsulated PLBs of Cymbidium devonianum (Das et al,, 2011} and Dendrobium ‘White
Fairy' (Siew et al, 2014). The regenerated plantlets were transferred to non-aseptic
conditions and acclimatized by progressively reducing humidity. The acclimatized plantlets
were transferred to the greenhouse, and showed no morphological abnormalities.

Table 1. The effect of different storage temperatures and duration on germination and
conversion percentage of encapsulated PLBs,
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Table 2. The effect of different storage temperature and duration on morphological
categorization of encapsulated PLBs of Dendrobium friedericksianum Rechb.f. after
culture on modified Vacin and Went (1949) supplemented media.
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CONCLUSIONS

In conclusion, this study determined the suitable short-term storage for
protocorm-like bodies of Dendrobium friedericksianum Rchb.f. Encapsulated PLBs can be
stored up to 180 days at 25°C with 100% of germination.
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