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Abstract: The advantage of producing synthetic seeds of Ficus carica L. gives a new perspective to plant breeders 

to see that biotechnology is actually facilitating in improving the quality and productivity of the crops. Ficus carica 

L.  is one of the first crop that have been grown by humans for economical purposes. Conventional propagation 

methods of Ficus carica L. through cuttings, grafting, and air-layering have been used since the beginning until 

now. Another alternative of propagating Ficus carica L. is through the production of synthetic seeds. The 

advantages of synthetic seeds production include various aspects such as production through aseptic tissue culture 

producing pathogen-free seeds, providing protection to enhance growth effectiveness in the external environment, 

and cloning that aimed for conservation and preservation as well as its in small size, easy to handle, to transport 

and also stored for specific purposes. The formation of consistent, uniformed and roundly shaped bead is 

influenced by the concentration of sodium alginate and the concentration of hydrated calcium chloride solution 

used. In this study, the optimal synthetic seeds of Ficus carica L. with consistent, strong, round and uniform size 

were successfully produced when 4% sodium alginate containing 1.0 mg/L Benzylaminopurine (BAP) was used as 

the explants’ encapsulation matrix. The synthetic seeds were germinated and new plantlets obtained were grown. 
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I.   INTRODUCTION 

Synthetic seed technology proposes an alternative system for propagation of transgenic plants, non-seed producing plants, 

polyploids with elite traits and plants with problems in seed propagation [1]. A synthetic seed is defined as artificially 

encapsulated somatic embryos, shoot buds, cell aggregates, or any other tissue that can be used for sowing as a seed and 

that possess the ability to convert into a plant under in vitro or ex vitro conditions and that retains this potential also after 

storage [2]. There are several types of synthetic seed such as somatic embryos encapsulated in a water gel, dried and 

coated somatic embryos. Dried and uncoated somatic embryos, somatic embryos suspend in a fluid carrier, and shoot 

buds encapsulated in water gel [3]. The technology may also be of interest for storage of germplasm and transportation of 

selected genotypes [4]. Thus, the synthetic seed technology is best suited for the preservation of genetic structure of 

regenerated plants and can be stored for a long time [1]. 

Conventional methods in propagating Ficus carica L. such as cuttings, grafting and air layering are mainly and widely 

used even in the beginning of this plants have introduced to market for economically consumption. However, according to 

a previous study [5], the conventional methods yield production is low, limited and results in poor rooting which only 20 

– 30% of cuttings were survived. The demand of Ficus carica L. fruit is increasing from time to time. The fruit of Ficus 

carica L. have a very high safety profile which contain numerous of nutrients including calcium, iron, magnesium, 

phosphorus, potassium, sodium, zinc, thiamin, riboflavin, niacin, vitamin B6, vitamin B12, vitamin A, vitamin C, and 

Folate [6]. The benefits and high nutritious in this fruit have caused the demand from consumers to increase despite of 

their low productivity per year [7]. In addition, this was in line with Malaysian Third National Agriculture Policy (DPN 3) 
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objectives to promote commodities which have high added values and good export potential in maximizing agriculture’s 

contribution to national Gross Domestic Product (GDP), export earnings as well as maximizing income of the farmers [8]. 

Thus, this study seeks for an alternative way in help for boosting the production of Ficus carica L. through synthetic seed 

production. 

II.   MATERIAL AND METHODS 

A. Induction of Micro Stems as Encapsulation Explant 

Micro stems of Ficus carica L. were induced from stem explants cultured on MS medium. The cultures were maintained 

in the culture room at 25 ± 2 °C for 16 hours light and 8 hours dark photoperiod. Illumination will at 1000 lux and relative 

humidity was 90 – 100%. The standard method for preparation of encapsulation matrix is followed [9].  

B. Preparation of MS - Sodium Alginate Solution 

To prepare MS [12] - sodium alginate solution, 100 ml MS basal medium without calcium chloride dihydrate 

(CaCl2.2H2O) and sodium alginate powder were dissolved steadily. Three grams of sucrose and hormones (optimum for 

shoot regeneration) were added. The pH of the media was adjusted to 6.0. The concentration of sodium alginate used in 

this study were 3.0 g/L, 4.0 g/L and 5.0 g/L. This solution was autoclaved for 20 minutes at 121°C [9]. 

C. Preparation of Calcium Chloride Dihydrate Solution 

Calcium chloride dihydrate solution was used as a complexion agent. To prepare 0.1M of calcium chloride dihydrate 

solution 2.94 grams of calcium chloride dihydrate (CaCl2.2H2O) was weighed and dissolved in 200 ml of distilled water 

gradually. This solution was autoclaved for 20 minutes at 121 °C [9]. 

D. Preparation of MS Rinsing Solution 

Distilled water was filled up into 1000 ml of Schott bottle to dissolve 4.4 g of MS powder. The solution was stirred 

constantly on a magnetic-hot-plate stirrer. The solution was autoclaved for 20 minutes at 121 °C prior to obtain sterilized 

MS rinsing solution. 

E. Encapsulation Techniques and Bead Formation 

The fragments of micro stem were drawn up with some of sodium alginate solution and then dropped one by one into 

calcium chloride dihydrate (CaCl2.2H2O) solution using micropipette. Each drop must contain only one micro stem. The 

stems were allowed to be encapsulated or hardened by allowing them to remain in CaCl2.2H2O solution for 30 minutes. 

These beads were taken out and transferred into MS rinsing solution to wash out the excess CaCl2.2H2O solution and 

were blotted with sterilized tissue paper before being placed onto new culture medium [9]. 

F. Storage of Synthetic Seeds 

All synthetic seeds produced were incubated for 8 weeks in the culture room with a temperature of 25 ± 2 °C with 16 

hours of light and 8 hours dark photoperiod. Thirty explants were used in each treatment. 

III.   STATISTICAL ANALYSIS 

Each treatment consisted of 30 samples and each culture tube contained three explants. Experiments were triplicated. 

Visual observations of the cultures were made every week and data related to frequency of organogenesis (synthetic seeds 

germination and shoots induction) were recorded. Data obtained was analysed using ANOVA and Duncan’s Multiple 

Range Test (DMRT) was performed. Mean with different letters in the same column differ significantly at p = 0.05. 

IV.   RESULTS AND DISCUSSION 

Three concentrations of sodium alginate used in this study were 3%, 4% and 5% and constant concentration of 0.1M 

calcium chloride dehydration as complexing solution to harden the encapsulated matrix. The sodium alginate solution was 

supplemented with 1.0 mg/L of BAP. Table 1 shows the percentage of germination and survival rate of encapsulated seed 

in different concentration of sodium alginate. Sodium alginate solution at 4% formed optimum, firm, uniform and round 

shaped beads (Fig. 1) when the beads were left to be hardened in 0.1M calcium chloride dehydration compared to 3% and 

5% concentration of sodium alginate solution after 10 days of cultured on MS medium without hormones (Fig. 2) with 

40% of the seeds were germinated followed by 3% and 5% of sodium alginate with 6% and 3% of seeds germinated 

respectively. 
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According to previous studies [9][10], the most suitable concentration of sodium alginate was 3%. However, in this study 

most of the seeds encapsulated in 3% of sodium alginate were contaminated and the frequency of germination was lower. 

Meanwhile, 5% of sodium alginate produced very firm and rigid encapsulated matrix causing difficulties for the seeds to 

germinate. The germination process was continuously observed until week 8 (Fig. 3) of culture to determine the 

percentage of survivability of the seeds. It was observed that 4% of sodium alginate has the highest rate with 60% of 

survival rate. Through observation, more seeds were geminated after 10 days of culture. 

TABLE 1. The percentage of germination and survival rate of encapsulated seed in different concentration of 

sodium alginate 

Concentration of 

sodium alginate (%) 

Percentage of 

germination rate of 

encapsulated seeds (10 

days) 

Percentage of survival 

rate of encapsulated 

seeds (8 weeks) 

No of shoots   (Mean ± 

SE) 

3 6.0 ± 0.04 b 3.0 ± 0.03 b 0.13 ± 0.09 b 

4 40.0 ± 0.09 a 60.0 ± 0.09 a 1.20 ± 0.17 a 

5 3.0 ± 0.03 b 0.0 ± 0.00 b 0.07 ± 0.07 b 

Means ± SE, n=30. Mean with different letters in the same column differ significantly at p=0.05 

In addition, the present study was in line with [11] where the concentration of sodium alginate 4% produced highest 

germinated seeds in pointed gourd with 95% compared with 3% of sodium alginate with 40% germinated seeds. A study 

on synthetic seeds production of Carica papaya L. also reported that optimum synthetic seeds were produced when 4% of 

sodium alginate was used as the encapsulation matrix solution [13].  In conclusion, this study showed that Ficus carica L. 

was able to be propagated through synthetic seed and as an alternative way in a mass scale production. Furthermore, the 

synthetic seeds of Ficus carica L. produced could be stored under low temperature for a long period of time and 

germinated whenever necessary. 

 

Fig 1. Bead was roundly formed, firm and in a good shape after 4% of sadium alginate left hardened in 0.1M 

calcium chloride dehydration for 30 – 45 minutes 
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Fig 2. Bead supplemented with 1.0 mg/L BAP started to germinate on day 10 of culture on MS basal medium 

.  

Fig 3. Emerging of shoots from synthetic seeds of Ficus carica L. after 10 days culture. 

V.   CONCLUSION 

Succinctly, synthetic seeds of Ficus carica L. were successfully produced when a small segment of micro stem was 

encapsulated with 4% sodium alginate solution with addition of 1.0 mg/L BAP. The result showed highest rate of 

survivability was 60% after 8 weeks cultured. Accordingly, this study recommends the production of synthetic seeds of 

Ficus carica L. as a promising future in agriculture field and particularly useful for commercial purposes for mass 

production and cloning of crops.  
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