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Abstract. Semi-sterile culture is an initial maintenance stage that is essential to be optimized to get sterile seaweed explants 
(axenic explants). The purpose of this study is to determine the effect of using culture media on the weight gainand survival rate 
of the Gracilaria salicornia seaweed (parental) in semi-sterile culture. This research was conducted at Tissue Culture Laboratory 
of Lombok Marine Aquaculture Center, Sekotong, West Nusa Tenggara. The study was carried out using three different media 
treatments such as Provasoli Enriched Seawater (PES), hydroponic, and Steril Sea Water (SSW) as controls. The results showed 
that hydroponic media have the highest average weight and survival rate of G. salicornia (48.76 g and 99.75%). The results were 
not significantly different from SSW media but were significantly different from PES media. 

INTRODUCTION 
Gracilaria salicornia is one of the various types of seaweed that can be commercialized because it is a producer 

of agar-agar and has the potential as an antioxidant due to its high chlorophyll-a pigment [1]. Vimala and 
Poonghuzhali [2] wrote that, naturally, G. salicornia seaweed has relatively high chlorophyll a content (7.03 μg/l) 
with an 80% of acetone extraction compared to Amphiroa sp. and Champia parvula in the red algae group. Besides 
that, G. salicornia has the potential as a source of protein for human and animal due to its aromatic amino acid 
content that is quite high in the form of threonine [3]. 

The development of G. salicornia cultivation that is done through the technique of tissue culture is still very early 
and has not been done much compared to Kappaphycus alvarezii seaweed. In seaweed tissue culture, semi-sterile 
culture is an initial maintenance stage which is very important to be optimized to obtain sterile seaweed explants 
(axenic explants). In addition, the callus induction rate will be higher if using talus explants from the parental 
seaweeds that were initially acclimatized in the laboratory. This happens because there is regeneration on the explant 
cells where new talus has formed. Physiologically, the explant cells have a young network of talus cells. 

The problem faced in semi-sterile culture is the presence of different responses of parental seaweeds survival rate 
to the type of media used as a growing medium. The differences are assumed due to the different nutrients contained 
in the maintenance media. Therefore, this study aims to determine the effect of using culture media on the weight 
gain and survival rate of G. salicornia seaweed (parental) in semi-sterile culture.   

 

METHODS AND MATERIALS 

The material used in this research was G. Salicornia seaweed originating from the waters of Molok, Gerupuk, 
West Nusa Tenggara. The fertilizers used as treatments were PES fertilizers and hydroponic fertilizers obtained from 
the Tissue Culture Laboratory of Lombok Marine Aquaculture Center, Sekotong.  

Sampling 

The sampling of G. salicornia seaweed took place on the coast of Molok, Central Lombok when the coastal water 
conditions were in a receding state (Figure 1). The samples were taken fresh and put in a plastic polybag which then 
placed in a cool box with ice inside. Because the way to the laboratory takes ±3 hours, the samples were stored with 
a semi-dry method where in the bottom of the cool box was arranged with several blocks of ice neatly wrapped in 
plastic bags. Moreover, a layer of a newspaper was placed on top of the plastic bags. The samples were kept in the 
cool box with a not too wet condition and then taken immediately to the laboratory.  
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FIGURE 1. G. salicornia seaweed (parental). 

 
 

Acclimatization in Greenhouse 

Before a semi-sterile culture was done, the samples of G. salicornia were acclimatized in a greenhouse for three 
weeks to adapt the seaweeds as well as clean the mucus and dirt attached to the seaweeds. The samples of G. 
salicornia were placed in an aquarium filled with seawater and equipped with a recirculation system. The change of 
seawater in the first week of maintenance was performed every day. During the change of water, the white parts of 
the talus were cut and removed. The average salinity and seawater temperature in the maintenance were 33 - 35 ppt 
and 27.2˚C -27.4˚C. 

 

Acclimatization in Laboratory 
The G. salicornia which has been kept for three weeks in the aquarium was then transferred to be acclimatized in 

the laboratory in semi-sterile conditions. The selected parental seaweeds must be young, green and clean from dirt 
and epiphytes. The selected parental seaweeds were weighed about 50 g then cleaned with sterile seawater and put 
into a 10 L glass jar containing 4 L sterile liquid culture media. In this study, three different media treatments were 
used, namely the Provasoli Enriched Seawater (PES), hydroponic, and Steril Sea Water (SSW) as controls.  

The culture was given aeration using an aerator and then stored on a culture rack by irradiating TL lights at a 
light intensity of 1500 lux. By using a timer, the irradiation time was set to 12 hours on and 12 hours off. The room 
temperature set was around 22oC and regulated by means of AC. This semi-sterile culture took place for 4 weeks (1 
month) by changing the water every week and measuring the weight of the seaweeds as well as the water quality. 

Weight Measurement and Survival Rate 

The weight measurement of the parental seaweeds was carried out once every week in four weeks of 
maintenance. The weight data was then used to analyze the survival rate of the parental seaweeds during 
maintenance. The survival rate was calculated based on the formula: 

S =  
 

Where:  SR = G. salicornia seaweed (parental) survival rate (%).  
Nt = G. salicornia seaweed (parental)  weight at the end of the study (g).  
No = G. salicornia seaweed (parental)  weight at the beginning of the study (g). 
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Water Quality Measurement 

Water quality measurement was implemented once a week in four weeks of maintenance. The water was 
examined physically including its salinity, pH, DO, and temperature. 

 

Data Analysis 

The obtained weight data of parental seaweeds were analyzed using Analysis of Variance (ANOVA) 
followed by BNJ test. While the survival rate and water quality as supporting data were analyzed using the average 
value with the Microsoft Excel program. 

RESULTS 

G. salicornia (Parental) Weight 

The results of the G. salicornia seaweed (parental)  average weight which were cultured in semi-sterile 
media for 4 weeks showed that the administration of hydroponic media has the highest average weight (48.76 g). 
While on the other hand, the treatment of PES media generated the lowest average weight that is by 41.25 g (Figure 
2).  
 

 
FIGURE 2. The average weight of G. salicornia seaweed (parental) on the semi-sterile cultures of the laboratory 

The results of ANOVA showed that the differences in the fertilizer application in maintenance media had a 
very significant effect (Fhit > Ftable) on the weight of the G. salicornia seaweed (parental). Furthermore, the BNJ 
test results pointed out that the treatment of hydroponic fertilizer was not significantly different from SSW media 
(control). However, the two treatments differed significantly with PES media treatment (Table 1). 

Survival Rate 

The survival rate observation of G. salicornia seaweed (parental) after 4 weeks of maintenance in semi-
sterile culture revealed that the administration of hydroponic fertilizers produced the highest survival rate that is by 
99.75% while the treatment of PES media showed the lowest survival rates by 71.34% (Table 2).  
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TABLE 1. The survival rate of G. salicornia seaweed (parental) during semi-sterile culture in the laboratory 

Fertilizer Weight at planting 
time(g) 

Weight after 4 weeks of 
culture (g) 

Survival Rate 

(%) 

Hydroponics 49.52 49.39 99.75 

SSW 49.82 47.03 94.40 

PES 49.58 35.40 71.34 
 

Water Quality Parameter 

The results of physical water quality test show that water quality in the hydroponic treatment and SSW 
media is still suitable to support the growth of G. salicornia seaweed (parental) while the treatment of PES media 
shows that the value of water quality is slightly exceeded the water quality range that corresponds to the literature. 
The salinity is slightly higher than the average range and the pH is slightly lower below the average range (Table 3).  

TABLE 2.  Water Quality Parameter 

Parameter Media Reference 

Hydroponics SSW PES 

Temperature (oC) 18 - 22 18 - 22 18 - 23 22- 33 [4] 

pH 7.44 – 7.81 7.41 – 7.87 5.5 – 6.24 6 – 8 [5] 

DO (mg/L) 6.1 – 7.0 6.3 – 8.8 5.6 – 7.4 5 – 8 [5] 

Salinity (ppm) 33 - 35 33 - 35 33 - 42 30 – 35 [6] 
 

DISCUSSION 

One of the factors that influence the growth and development of G. salicornia seaweed (parental) in semi-sterile 
culture is the media that is in the form of seawater. Natural seawater is a complex medium containing more than 50 
elements and organic compounds [7]. In semi-sterile seaweed cultures, direct use of seawater is rarely done 
because,without the addition of trace metals and other nutrients, the growth of seaweed is usually very low so that a 
nutrition enrichment is generally carried out. Liquid PES media is one of the widely reported culture media that is 
very well used for propagating the propagules in several types of algae [8,9]. On the one hand, hydroponic media has 
been widely used for fruit and vegetable crops [10]. 

In general, the results of this study indicate that hydroponic media had the highest average weight of G. 
salicornia seaweed (parental) (48.76 g) and gave the same effect as SSW treatment (control) (Figure 2 and Table 1). 
In contrast, the PES media produced the lowest average weight of G. salicornia seaweed (parental) that is by 41.25 g 
and gave a significantly different effect on hydroponic and SSW media. This shows that the nutrient content in 
hydroponic and SSW media is more suitable for the growth of G. salicornia seaweed (parental) by assuming that the 
absorption of nutrients contained in both media can be utilized properly. According to Harrison and Hurd [11], the 
growth and development of seaweed require sufficient lights and nutrients such as nitrate and phosphate. Nitrate and 
phosphate are needed as basic constituents of protein and chlorophyll formation in photosynthesis.  

The high average weight of G. salicornia seaweed (parental) the treatment of hydroponic and SSW media 
compared to PES media is also supported by the survival rate of the parental seaweeds. The results of observations 
after four weeks of maintenance in semi-sterile culture showed that above 90% of G. salicornia seaweed (parental) 
still survived in hydroponic and SSW media while PES media provided about 71% of surviving parental seaweeds 
(Table 2 and Figure 3).  
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FIGURE3. G. salicornia seaweed (parental) after four weeks of maintenance in semi-sterile culture on various media. 

The death of G. salicornia seaweed (parental) on PES media treatment is marked with the changing of thallus 
color from green to white (Figure 4). It is assumed that hydroponic and SSW media can provide the right nutritional 
composition than the PES media. When these nutrients absorbed, it can work optimally in supporting the growth of 
G. salicornia seaweed (parental). Hurd et al. [12] believed that the number of nutrients diffused into cells depends on 
the nutrient levels inside and outside the cell. The nutrients outside the cell whose levels are higher than those inside 
the cells will cause the nutrients from outside the cell to diffuse freely into cells according to their needs. Nutrients 
will increase cell metabolic activity by entering the cell little by little and then will develop vacuoles that are in the 
cell. The vacuole plays a very important role because the plant's defense mechanism depends on the ability of the 
vacuole to maintain the concentration of dissolved substances. The volume of the vacuole is increasing with the entry 
of nutrients into the cell. As a result, this will increase the weight of G. salicornia seaweed (parental) when cultured 
with hydroponic and SSW media. 

 

FIGURE 4. The survived (A) and the dead (B) of G. salicornia seaweed (parental) thallus. 
The average weight of G. salicornia seaweed (parental) in hydroponic and SSW media is also supported by the 

water quality, especially in terms of the salinity. Ask and Azansa [13] said that environmental factors that have an 
important role in seaweed cultivation are temperature, salinity, nutrition, lights, and several other ecological factors. 
In addition to being supported by nutrients, growth also can increase if the media and the environment are in 
accordance with the needs or range that can be tolerated. The results of water quality measurement during 
maintenance show that the treatment of hydroponic and SSW media provides a good value of water quality. On the 
other hand, the treatment of PES media shows that the water quality is slightly outside the range of water quality that 
is based on the literature, especially the salinity that is slightly exceeded the average range (Table 3). 

A 

B 
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Table 3 shows that the average salinity measured in the treatment of PES media is ranged from 33 - 42 ppm while 
according to Dawes [6], the optimum salinity is ranged from 30 - 35 ppm. It is assumed that the exceeding salinity 
level because of the addition of PES media creates a change in osmotic pressure that is too large in the parental 
seaweeds cell so that the water in the cell diffuses out and the cell volume shrinks. Besides that, cell membranes, 
enzymes, and other cell organelles will be damaged and cannot function properly so that the growth of the G. 
salicornia seaweed (parental) is not optimal. This is in line with the results from Ding et al. [14] and Nitschke et al. 
[15] who examined red seaweed Hypnea cervicornis and S. alsidii and proved that the administration of salinity 
above 40 % reduces the cell turgor pressure, stops the cell division, and leads to a negative growth (downhill) so that 
it reduces the concentration of chlorophyll-a. Salinity affects the physiology and biochemistry mechanism especially 
osmosis pressure which is closely related to the role of cell membranes in the process of nutrient transport. Salinity 
also stimulates the effects on the growth of seaweed [16-18]. 

CONCLUSION 

The results of this study point out that the use of hydroponic media and SSW provides a better weight and 
survival rates of G. salicornia seaweed (parental) compared to the use of PES media in semi-sterile culture. It is 
assumed that hydroponic media and SSW offers nutrients that are suitable for the growth of G. salicornia seaweed 
(parental). 
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