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INTRODUCTION 

Synthetic seed technology is a technique of encapsulating somatic embryos, 

shoot buds, axillary buds, protocoms or any other meristematic tissue, with 

artificial endosperm and seed coat which results in production of a new plantlet1 

.It has advantages like ease of handling and transport, long term low cost storage, 

and low production cost than conventional techniques of subculture and 

maintenance2 .However, it has a major disadvantage of desiccation of propagule 

after a specific time interval. Desiccation may limit the growth of plant3, disturb 

metabolism and arrest photosynthesis4. Hence, imparting desiccation tolerance 

in the propagule is a prerequisite for effective storage of synthetic seeds. Kitto 

and Janick5 first proposed the use of desiccated embryos of carrot (Daucus carota 

L.) for production of synthetic seeds by a treatment of polyethylene oxide. 

Following this, various chemicals were tested to induce desiccation by different 

research groups. Ascorbic acid is one of the important chemical used to induce 

desiccation tolerance6. It helps in regenerating the α-tocopherol (vitamin E), a 
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lipophilic antioxidant from the α-chromanoxyl radical that has ability to quench 

hydroxyl radicals, superoxide and singlet oxygen7, 8. Quan ET al.9 showed that the 

desiccation tolerance of recalcitrant seeds was significantly increased by ascorbic 

acid. Its positive role in combating salt stress is also highlighted by Shalata and 

Neumann10. Proline, another chemical used for this purpose, protects 

macromolecules and sub cellular structures during osmotic stress11, 12 and 13. 

Proline acts as molecular chaperon, which is able to protect proteins during 

stress conditions and activate different enzymes to maintain cells integrity14 .In a 

report by Kim and Janik15, proline and abscisic acid increase the survival 

percentage of embryos. Hamid et al.,16 reported that proline induced expression 

of stress-responsive proteins. Manitol, a sugar alcohol, has also been reported to 

act as an osmolyte in salt or osmotic stress17, 18. In wheat embryos, rape seedlings 

and potato stem it has shown to promote plant growth under osmotic stress 

conditions19. 

Synthetic seed technology have proven to be an effective method for 

conservation of species which are on the verge of extinction and cannot be 

propagated vegetatively, or produce very low quantities of seeds.20, 21 

Development of artificial seeds is also considered as an effective method of mass 

propagation in horticulturally important plants.22 Surenciski et al.,23 suggested 

that cryopreservation of encapsulated PLBs, for long term storage enhances the 

efficiency of micropropagation. Desiccation tolerant synthetic seeds can further 

aid to long term storage. 

Orchids are subjected to high levels of threat, through natural, 

anthropogenic and commercial pressures24. Synthetic seed technology has 

proven very advantageous to orchid industry as an aid to conservation and 

propagation as these can be used as true seeds25. Encapsulating PLBs enables 

direct sowing and bypassing in vitro steps for production of plantlets which are 

costlier and labour intense26. Rhynchostylis retusa Bl. is commercially important 

epiphytic orchid, commonly known as ‘fox-tail orchid’ because of its brush-like 

spikes27.Due to its beautiful flowers and floriferous nature, it is widely used as the 

progenitor of hybrids28. It is an important medicinal orchid with properties to 

cure blood dysentery, tuberculosis, epilepsy, menstrual disorder, fever, gout, 

malaria, ear ache, throat inflammation, asthma, rheumatism and is also used as 

emollient29, 30, 31, and 32. 

Hence, the present study was undertaken to induce tolerance to desiccation 

to enhance the viability of encapsulated protocoms like bodies (PLBs) of 

Rhynchostylis retusa Bl. upon long term storage. PLBs were treated with 

desiccation protectants like ascorbic acid, proline and mannitol at different 

concentration and evaluated for desiccation tolerance upon encapsulation and 

storage. 
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MATERIAL AND METHODS: 

Plant Material 

A commercially important orchid species namely Rhynchostylis retusa Bl., 

was selected for the present study. Green capsules were collected from naturally 

growing population on Mangifera indica trees in DehraDun area, Uttaranchal, 

India. These were germinated asymbiotically following Kumar et al.33 to ensure 

regular supply of plant material. PLBs were produced by clonal propagation using 

juvenile leaf explants28.  

 

Culture Medium 

Murashige and Skoog34 medium (MS; Himedia Labs, Mumbai, India) was 

used as the basal nutrient mix in the present set of experiments.  The pH was set 

at 5.7, sucrose (20 gl-1) was employed as the carbon source while agar (8 gl-1) was 

the gelling agent. Ascorbic acid (5-15mM), proline (0.5-1.5µM), and mannitol (50-

100mM) was filter sterilized and then added to the medium as per the design of 

experiment.  

 

Pre-treatment 

Uniform sized PLBs were chosen for encapsulation in order to facilitate 

synchronous conversion. The PLBs were pre-treated with different concentration 

of ascorbic acid (5-15mM), proline (0.5-1.5µM), and mannitol (50-100mM) for five 

weeks, prior to their encapsulation. 

 

Encapsulation 

Synthetic seeds were prepared by the complexation reaction between 

sodium alginate (3.5 gl-1) and calcium chloride (100mM) to form calcium alginate. 

Prior to incapsulation sodium alginate (3.5 gl-1) containing MS medium and 

calcium chloride (100 mM) was autoclaved at 15 psi, 121°C for 15 mins. The 

propagules were dispersed in the sodium alginate solution. The suspension was 

then added drop wise (each drop having a propagule) to stirred calcium chloride 

solution. The beads were complexed for 30 min. The resultant synthetic seeds 

were thoroughly washed with sterile distilled water and stored at 25°C in 100 ml 

glass conical flask plugged with cotton plug. The germination potential was 

evaluated after every 4 weeks up to 24 weeks.  

 

Data Recording and Analysis 

The germination potential was recorded periodically at four-week interval by 

inoculating the seeds in basal MS medium. The record was kept in the form of 

written explanations, tables and photographs. The data was collected in triplicate 

and represented as means and error bars with 5% value. 

 

RESULTS  

Studies were carried out to induce desiccation tolerance in encapsulated 

PLBs of Rhynchostylis retusa. Ascorbic acid (5, 10, 15mM), proline (0.5, 1, 1.5µM) 
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and mannitol (50, 75, 100mM) were used to pre-treat the PLBs to induce 

desiccation tolerance. The results are summarized in Graph 1-6 and Fig 1a-g, and 

are discussed below: 

 

Effect of Ascorbic acid 

The PLBs were treated with ascorbic acid at different concentration (5mM, 

10mM, and 15mM) prior to their encapsulation. The fresh biomass was recorded 

after five weeks (Fig 1). 

The fresh weight of the PLBs increased with an increase in the concentration 

of ascorbic acid up to 10mM. This was associated with the development of 

secondary PLBs. However, the fresh weight declined when the concentration of 

ascorbic acid was further increased to 15mM indicating thereby that the higher 

concentration of ascorbic acid was inhibitory for PLB multiplication. Chlorophyll 

content was inversely proportional to the level of ascorbic acid in the nutrient 

mix; lush green PLBs were observed in lower concentration of ascorbic acid 

(5mM) (Fig1a) and the chlorophyll content reduced with increase in ascorbic acid 

concentration. 

 

 
 

 

* Error bars with 5% value 

Graph 1. Effect of Ascorbic acid on fresh biomass of Rhynchostylis retusa after 5 weeks 

of pre-treatment 

 

The conversion frequency of the synthetic seeds after a treatment of the 

PLBs with ascorbic acid (5, 10, 15Mm) was evaluated (Graph 2).  
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* Error bars with 5% value 

Graph 2. Conversion frequency of synthetic seeds in Rhynchostylis retusa under the 

effect of ascorbic acid (5, 10, 15mM) up to 24 weeks 

 

 

In the control set of experiment, the synthetic seeds failed germination after 

20 weeks of storage at 25°C. The pre-treated encapsulated PLBs, however, 

converted with a frequency of 69-100%. Ascorbic acid at higher concentration 

(15mM) favoured best response as 90% synthetic seed germinated even after 24 

weeks of storage at 25°C (Fig. 1b). The conversion frequency, however, reduced 

with the decrease in concentration of ascorbic acid.  

 

Effect of Proline 

The PLBs that were treated with proline at different concentration (0.5µM, 1 

µM, 1.5 µM) for 5 weeks prior to their encapsulation. The fresh biomass was 

recorded after five weeks (Graph 3).  

Lower concentration of proline proved to be the best for germination and 

multiplication of synthetic seeds. Higher concentration of proline proved to be 

deleterious for multiplication, however, the fresh weight was observed to 

increase with increase in concentration of proline which could be attributed to 

extensive water retention leading to swelling of PLBs (Fig.1c). 
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* Error bars with 5% value 

Graph 3. Effect of Proline on fresh biomass of Rhynchostylis retusa after 5 weeks of pre-

treatment 

 

Somatic embryogenesis was observed at lower concentrations of proline but 

profuse development of rhizoidal hairs and early differentiation of leaf primordia 

was observed at higher concentrations 

The conversion frequency of the synthetic seeds after a treatment of the 

PLBs with proline at different concentration (0.5µM, 1µM, and 1.5µM) was 

evaluated (Graph 4).  

 

 

 
 

 

 

* Error bars with 5% value 
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Graph 4. Conversion frequency of synthetic seeds in Rhynchostylis retusa under the 

effect of Proline (0.5, 1, 1.5µM) after 24 weeks 

 

The pre-treated encapsulated PLBs, converted with a frequency of 48-100%. 

Proline at higher concentration (1.5µM) favoured best response as 92.6% 

synthetic seed germination was observed after 24 weeks. The conversion 

frequency, however, reduced with the decrease in concentration of proline. 

Differentiation of leaves and roots was observed (Fig. 1d). The regeneration 

response was associated with intensive rhizoidal hairs formation (Fig1e).  

 

Effect of Mannitol 

The PLBs that were treated with Mannitol at different concentration (50mM, 

75mM, 100mM) prior to their encapsulation. The change in fresh biomass was 

recorded after five weeks (Graph 5).  

The fresh weight of the PLBs increased with an increase in the concentration 

of mannitol up to 75mM. This was due to development of secondary PLBs. 

However, the fresh weight declined when the concentration of mannitol was 

further increased to 100mM.  Early differentiation was observed in higher 

concentration of mannitol (100mM).  However higher concentration was not 

congenial for multiplication of PLBs. 

 

 

 
 

* Error bars with 5% value 

Graph 5. Effect of Mannitol on fresh biomass of Rhynchostylis retusa after 5 weeks of 

pre-treatment 

Mannitol at lower concentration 50mM favoured best response as 94.66% 

synthetic seed germination was observed even after 24 weeks (Graph 6, Fig. 1f).  
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* Error bars with 5% value 

Graph 6. Conversion frequency of synthetic seeds in Rhynchostylis retusa under 

the effect of mannitol (50, 75, 100mM) after 24 weeks 

 

Profuse development of leaves was also observed (Fig. 1g). Higher 

concentrations of mannitol proved to be inhibitory for the growth and 

multiplication and resulted into exudation of phenolic compounds in the 

medium.  

 

DISCUSSION: 

Desiccation tolerance is a characteristic which can be induced by following 

pre-treatment or stress35 .Our results suggested that ascorbic acid increases 

fresh biomass weight with increase in concentration up to 10mM, this process of 

increase in weight can be related with various studies suggesting ascorbic acid 

role in active cell division36,37,38 .A significant decrease in activity of ascorbic acid 

free radicals reeducates take place at time of cell division and increase in 

dehydroascorbic acid (DHA) content39 .DHA at certain level can slow down or 

even block the cell division depending on the plant material40,41,42 ,which explains 

decrease in fresh biomass weight on increase in ascorbic acid concentration 

(15mM) in present study. Desiccation tolerance induction was more efficient at 

higher concentration (15mM) as germination potential decreased gradually at 

lower concentrations which can be related to the previous study of Stasolla and 

Yeung38 who reported beneficial effect of ascorbic acid during germination of 

white spruce somatic embryos. Quan et al., 4 showed that 5mM is the optimum 
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concentration of ascorbic acid for increase in desiccation tolerance and 

concentrations higher than 15mM proved to have negative impact. Shalata and 

Neumann10 also reported that 0.05mM concentration showed remarkable effect 

on salt stress in tomato seedling. The key role of ascorbic acid in photosynthesis 

has been highlighted by many workers43,44,45,46,47,48 .Our studies are also in 

accordance, as increase in chlorophyll content was observed in PLBs under the 

treatment of up to 5mM ascorbic acid.  

Proline accumulation in response to drought stress is a well-known 

phenomenon11, 16, 49, 50 ,observed that the presence of proline in the medium 

decreases stress condition by producing water potential in plant cell culture 

medium. It increases the nutritional accumulation in the cells which results in 

somatic embryogenesis. In a report on Guizotia abyssinica, plant growth 

regulators such as ABA and indole-3-butyric acid (IBA), imitates proline 

accumulation in seedlings51. Proline at lower concentrations showed best 

multiplication and somatic embryogenesis which is in line with previous reports 

by Mattioli et al.52, 53 who highlighted that it plays an important role in embryo 

and seed development. It has also been found to be effective in embryo 

formation in maize54, and kodo millet55. In our results, proline at higher 

concentration also facilitated early differentiation into leaf primordia.  

PLBs treated with mannitol (50, 75mM), show improved desiccation 

tolerance with 94.6% and 86.6% conversion after 24 weeks. The addition of 

mannitol in the medium produces osmotic stress which activates an adaptive 

mechanism in the embryo that makes it tolerant to more severe responses. It 

also acts as a scavenger of hydroxyl radical and improves the tolerance to 

stress56. But in a report by Raheem et al., 57 decrease in regeneration capacity of 

tomato plant was observed on addition of mannitol in medium. Solute 

accumulation either by exogenous or transgenic approach does not induce 

salinity and drought tolerance58.  

Our results and those of related studies suggest that desiccation tolerance 

can be effectively induced in PLBs by supplementation of ascorbic acid, proline 
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and mannitol. 

 
Figure Captions 

Fig. 1. Effect of Ascorbic acid, Proline and Mannitol on the Desiccation Tolerance of 

Synthetic Seeds in Rhynchostylis retusa Bl.: a, Lush green PLBs were observed at lower 

concentration of ascorbic acid (5mM); b, Ascorbic acid (15mM) pre-treatment favoured 

90% germination response after 24 weeks of storage; c, Swollen PLBs with increase in 

fresh weight due to high concentration of proline supplementation indicating extensive 

water retention; d, Differentiation of leaves and roots due to proline pre-treatment; e, 
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Intensive rhizoidal hairs formation; f-g, Mannitol (50mM) pre-treatment favoured 94.66% 

germination response followed by profuse development of leaves. 

 

 

CONCLUSIONS 

The present study highlighted that these osmoprotectants could play a 

pivotal role in imparting desiccation tolerance and in turn increasing the viability 

upon long term storage of synthetic seeds. The above protocol can serve as an 

aid to germplasm conservation and multiplication of Rhynchostylis retusa. 
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