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Abstract

The present study was conducted to examine the effect of sucrose on the
reduction of in vitro preservation of Dendrobium friedericksianum Rchb.f. seedlings
after prolonged subculture in Vacin and Went (1949) (VW) medium supplemented with
different concentrations of sucrose. D. friedericksianum is a native Thai wild orchid
found in the eastern provinces of Thailand, especially in Chanthaburi Province.
Currently, it is a highly endangered species because of illegal forest collection,
‘decreasing rate of natural breeding, and environmental changes leading to a higher
risk of extinction. The aim of the present study was to develop an effective protocol for
in vitro storage of this species. Plantlets of D. friedericksianum were cultured on VW
‘media supplemented with 0, 2, 4, 6, 8, and 10% sucrose. Plant height decreased when
‘8 and 10% sucrose was applied (decrease of 2.25 and 1.97 cm, respectively), which was
significantly higher than the height decrease for those provided with 0, 2, 4, and 6%
sucrose (decrease of 2.85, 4.75, 3.27, and 2.75 cm, respectively). Plants treated with
10% sucrose could be preserved for 6 months without subculture and plant height was
‘decreased by only 2.78 cm. The pseudo-bulb diameter when treated with 10% sucrose
was 0.08 cm higher than that treated with the basal medium (2% sucrose). -

Keywords: Thai wild orchid, slow growth technique, Leaung chanthaboon, short-term
storage

INTRODUCTION

Dendrobium friedericksianum Rchb.f. is a native orchid found in the eastern region of
Thailand, especially in Chanthaburi Province, and the local name is “Leaung chanthaboon”. It
belongs to the family Orchidaceae, genus Dendrobium (Boonkead et al, 1982). D.
friedericksianum is one of the most beautiful and expensive orchids worldwide. Recently, there
has been great domestic and international demand for this orchid species. Therefore, this wild
orchid species has been stolen from its place of origin in the forest for sale on the black market
(Prasertsirivatna and Koolpluksee, 2011). Illegal forest cutting has nearly decimated this
orchid species population. Environmental changes from wood cutting and the decreasing rate
of natural breeding have resulted in decreasing numbers of orchids; therefore, there is a much
greater risk of extinction in Chanthaburi Province’s forest (Sukhumpinij and Chanasit, 2015).
This is the reason behind the efforts that have been undertaken to preserve this orchid
species. There are two approaches for germplasm conservation: ex situ or in situ. In situ
conservation of orchid species is very difficult because of their low germination rates and
relatively slow growth, which requires symbiotic relationships with mycorrhizal fungi in
natural habitats (Godo etal., 2010). Plant tissue culture techniques and molecular biology are
ideal for the collection, multiplication, and storage of plant germplasm, which involves the
maintenance of explants in a sterile, pathogen-free environment, reduction in space
requirements, and consequently lowering of labour cost for the maintenance of germplasm
collections (Engelmann, 1991). There are several in vitro conservation techniques such as
slow growth technique, artificial seed technique, and cryopreservation. The methods
employed are different, depending on the storage duration required. One alternative for
preventing irreparable loss of biodiversity is the use of in vitro conservation of plant
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germplasm using slow growth procedures or cryopreservation. Slow in vitro growth is usually
achieved using substances such as mannitol and sorbitol that reduce the medium osmotic
potential (Grout, 1991). Osmotic regulators, such as sucrose and mannitol, act as growth
retardants by causing osmotic stress to the material under conservation. When added to the
culture medium, these carbohydrates reduce the hydric potential and restrict water
availability to the explants (Fortes and Pereira, 2001; Shibli etal,, 2006). There was a study on
the micro-propagation of D. friedericksianum; however, no studies have been conducted on in
vitro conservation. Sugar alcohols such as mannitol and sorbitol have often been used as
metabolically inert osmoticum in plant cell cultures (Thompson et al, 1986) and in slow
growth media (Golmirzaie and Toledo, 1999). Sucrose has also been used for slow growth in
vitro storage in Epidendrum chlorocorymbos SCHLTR. (Lopez-Puc, 2013). The aim of the
present study was to examine the effect of sucrose on the growth of D. friedericksianum Rchb.f.
for in vitro germplasm preservation.

MATERIALS AND METHODS

Plant materials and sterilisation

Nine-month-old mature capsules were cleaned and washed with running tap water for
a few minutes. Subsequently, the pods were brought inside a laminar air-flow cabinet, soaked
in 95% ethyl alcohol, quickly passed through a flame, and the alcohol allowed to completely
burn off. The sterile capsule was cut in half longitudinally with a sterile scalpel. The seeds
extracted from the capsules were distributed and flamed over a lamp until the flame stopped.

Culture and germination conditions

Seeds were cultured in culture bottles containing 20 mL of modified Vacin and Went
(1949) (VW) media supplemented with coconut water (150 mL L-1), sucrose (20 g L), and
agar (8 g L1) without growth regulators. The pH of the medium was adjusted to 5.0 with 0.1
M NaOH and 0.1 M HCl and autoclaved at 121°C and 15 p.s.i. for 15 min. Cultures were kept
under a 16-h photoperiod provided by cool-white fluorescent lamps with a light intensity of
40 umol m2 st at 25°C.

In vitro preservation using osmotic active agents

For the experiment, plantlets derived from seeds were cultured in culture bottles
containing 20 mL of modified VW media supplemented with coconut water (150 mL L),
banana (50 g L-1), potato (50 g L-1), and agar (8 g L-1) with different concentrations of sucrose
(0,2, 4, 6,8,and 10%). The pH of the medium was adjusted to 5.0 with 0.1 M NaOH and 0.1 M
HCl and autoclaved at 121°C and 15 p.s.i. for 15 min. Cultures were maintained in a culture
room at 25°C under a 16-h photoperiod provided by cool-white fluorescent lamps with a light
intensity of 40 umol m-2 s-1,

Data collection and statistical analysis

Data of conservation in slow growth treatments were recorded monthly. Each
experiment consisted of ten replicates, with four plantlets in each bottle. All data were
analysed in a completely randomised design using analysis of variance and least significant
difference tests at P<0.05 to determine differences among treatments.

RESULTS AND DISCUSSION

In vitro seed cultures of D. friedericksianum were well developed on modified VW
medium supplemented with coconut water (150 mL L), sucrose (20 g L1), and agar (8 g L1)
without growth regulators. The different sucrose concentrations added to the modified VW
medium showed significant (P<0.05) effects on plantlet growth. The higher sucrose
concentration added to the medium resulted in a higher decrease of plant height. After 6
months of storage, plant height had decreased in the 8 and 10% sucrose treatments (by 2.25
and 1.97 cm, respectively), which was significantly higher than those applied with 0, 2, 4, and
6% sucrose (2.85, 4.75, 3.27, and 2.75 cm, respectively). The plantlets showed an average
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plant height of 1.97 to 4.75 cm. The 10% sucrose treatment reduced plant height by 2.78 cm
compared to the basal medium (2% sucrose treatment) (Table 1) and increased the pseudo-
bulb diameter by 0.08 cm (from 0.26 to 0.34 cm), which was higher than those for the 0, 2, 4,
6, and 8% sucrose treatments (0.23, 0.26, 0.28, 0.29, and 0.32 cm, respectively) (Table 2). After
6 months storage, plantlet growth was quite stable, after which the storage time was
prolonged to 12 months. After prolonging storage, the plantlets were transferred to non-
aseptic conditions and acclimatised by progressively reducing humidity for one week. The
acclimatised plantlets were transferred to the greenhouse and showed no morphological
abnormalities.

Table 1. Effect of different concentration of sucrose on plant height of Dendrobium
friedericksianum Rchb.f.

SUtross Plant height (cm)
(%) After storage (months)

; 1 2 3 4 5 6
0 0.980 1.32b 1.700 207 241 2850
2 1.332 2.062 2.762 3752 428 4,75
4 149 1470 1.83b 2.380 2,790 3.27°
6 1.342 1.61b 1.79 212 238 275
8 0.98b 1.24p 1.460 1.67¢ 1.764 2.00c
10 1.07° 1.31b 1.52b 1.75¢ 1.83¢ 1.97¢

Means with different letters within column are significantly different at P<0.05.

Table 2. Effect of different concentration of sucrose on pseudo-bulb diameter of Dendrobium
friedericksianum Rchb.f.

Pseudo-bulb diameter (cm)

(SD}")C L After storage (months)

- 1 2 3 4 5 6

0 0.20 0.252 0.302 0,312 0312 0.23¢
2 0.21 0.252 0.292 0.33 0.34a 0.26°
4 0.21 0.21° 0.24b 0.25¢ 0.26¢ 0.28°
6 0.23 (0.242b 0,250 0.27% 0.270 .29
8 0.22 023  (0.25b 0.26° 0.26¢ 0.32
10 0.20 0.21b 0.220 0.222 0.22¢ 0.342

Means with different letters within column are significantly different at P<0.05.

Osmotic agents act as growth retardants by causing osmotic stress to the material under
conservation. When added to the culture medium, these carbohydrates reduce the hydric
potential and restrict water availability to the plants (Fortes and Pereira, 2001; Shibli et al,,
2006). Osmoticum such as sucrose, mannitol, or sorbitol decrease mineral uptake by cells by
differences in osmotic pressures, thereby retarding plant growth (Golmirzaie and Toledo,
1999). In the present study, sucrose was reported as an osmotic agent for the storage of in
vitro D. friedericksianum Rchb.f. plantlets. High sucrose concentration added to the media
produced an osmotic effect that resulted in the reduction of growth of D. friedericksianum
plantlets.

CONCLUSIONS

The present study revealed that different sucrose concentrations supplemented in
culture media could reduce the growth of D. friedericksianum Rchb.f. plantlets, especially for
plant height. The 10% sucrose treatment added to the culture medium reduced the growth of
plantlets and prolonged the subculture time to 6 months without any appearance of dead
plantlets. Moreover, after prolonging the storage time by up to 12 months, all surviving
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plantlets grew after being transferred to the greenhouse.
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