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ABSTRACT 

There is significant increase of seaweeds demand over the years that affect the development of 
seaweeds farming in Indonesia. Gracilaria sp. is one of the species that cultivated in Indonesia. There 
are some factors that affect the successful of seaweeds cultivation, one of them is cultivation depth. 
The research was carried out to study the effect of different depth on absolute growth and biomass of 
Gracilaria sp. It was cultivated under three different depths (30, 45 and 60 cm). Absolute growth and 
biomass were influenced by cultivation depth. The best treatment was cultivation at 30 cm of depth. 
Water quality measurements shows that research location is suitable for the growth of seaweeds. 
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INTRODUCTION 

Seaweeds, known as macroalgae, are among 
the most important primary producers and act 
as ecological engineers on rocky coasts of the 
world's oceans. They are primary producers, 
shelter, nurserygrounds and food sources for 
marine organisms. Seaweeds are not only of 
high ecological, but also of great economic 
importance (Domettila et al., 2013). Seaweeds 
have been using as a part of human diet in 
China, Japan, Thailand and South Korea for 
many years. 

Depends on species, some seaweeds are 
generally suitable for making cool, gelatinous 
dishes or concoctions. In general, seaweeds 
are considered as low calorie food item, but 
rich in vitamin, mineral and dietary fibre. 
Seaweeds are also utilized as animal feed 
ingredient, row material for fertilizer and as 
well as various industrial applications 
(Siddique et al., 2013). 

The wider use of seaweed and its derivatives 
resulted in increased demand in the world. The 
increase in demand has an impact on the 
development of seaweed cultivation in several 
countries in the world, including Indonesia. 
Worldwide, macroalgal production increases 
5.7 % every year and more than 18 million 
tons of macroalgae were produced from global 
capture and aquaculture in 2011. In 2011, 

96 % of the global total production of 
macroalgae came from aquaculture, with 
Asian countries dominating seaweed culture 
production (99.05 % by quantity and 99.36 % 
by value) (FAO, 2014 in Rebours et al., 2014). 

Gracilaria sp. is one type of seaweed which is 
widely cultivated in Indonesia. It is based on its 
ability to produce high biomass, wide tolerance 
of environmental factors such as temperature 
and salinity, and the high economic value of its 
derivative products (Marinho-Soriano et al., 
2009). This seaweed can also be found almost 
throughout the waters of Indonesia making it 
easier to get the seeds in the cultivation. 

The optimal seaweed cultivation result can not 
be separated from several factors, one of them 
is the depth factor of cultivation. Previous 
studies indicate that seaweeds show different 
ecophysiological characteristics in response to 
depth changes during growth (Oliveira et al., 
2012). The depth of cultivation affects the 
absorption of light by seaweeds so it is related 
to the process of photosynthesis that produces 
food for its growth (Aslan, 1998). To obtain 
optimal depth for the cultivation of Gracilaria 
sp., it is necessary to do research to know the 
effect of depth to the absolute growth and the 
biomass. The purpose of this study was to 
obtain the optimal cultivation depth for the 
absolute growth and biomass of Gracilaria sp. 
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MATERIALS AND METHOD 

Seaweed seeds of Gracilaria sp. obtained from 
the waters of Linau, Kabupaten Kaur, 
Bengkulu Province. Seaweed cultivation is 
conducted in the waters of Teluk Pulau Baai, 
Bengkulu Province. The cultivation is done by 
the method of cutting thallus. Seaweed seeds 
are selected from a good thallus, with 
charactersitics such as the young thallus (the 
thallus at the end), the colour is bright red and 
not pale, and not slimy. The planting medium 

used is a bamboo raft, with a length of 3.3 
meters and a width of 1.2 meters. The weight 
of the seaweed seeds used is 100 grams per 
clump. Seedlings are planted at three different 
depths, ie 30, 45 and 60 cm from the water 
surface with the spacing between the clump is 
30 cm. Each depth of cultivation consists of 3 
ropes, each rope is planted with 10 clumps of 
seaweed seeds, so the total seaweed planted 
is 30 clumps per depth (Fig. 1). 

 

 

Figure 1. Sketch of Gracilaria sp. culture media 
 
Every 5 days during 45 days of cultivation, 
seaweed is observed for absolute growth and 
biomass. Absolute growth is calculated using 
the Effendie (1997) formula: 

∆ 𝑊 = 𝑊𝑡 − 𝑊𝑜 

Where Δ W is absolute growth in grams, Wt is 
the wet weight of t-day (g) and Wo is the initial 
wet weight (g). Seaweed biomass is calculated 
using Gannesan et al. (2009): 

𝑌 =  
𝑊𝑡 − 𝑊𝑜

𝐴
 

 
Where Y is biomass (g / m2), Wt is the wet 
weight of t-day (g), Wo is the initial wet weight 
(g) and A is the area of cultivation (m2). Water 
quality includes temperature, salinity, pH, 
transparency and current velocity, measured 
at the beginning, middle and end of cultivation. 
Absolute growth and biomass data were 
analyzed using Completely Randomized 
Design (CDR) at 95% confidence level. The 
treatment was used is 3 different depths (30, 
45 and 60 cm) and each treatment was 
repeated 9 times. If the anova results show 
differences, then proceed with Duncan 

Multiple Range Test (DMRT). 

RESULTS AND DISCUSSION 

Absolute Growth and Biomass 

Based on the research results, the absolute 
growth of Gracilaria sp. ranging from 10,000 to 
49,583 g and the biomass of Gracilaria sp. 
ranging from 2,525 - 12,521 g/m2. Absolute 
growth and seaweed biomass of Gracilaria sp. 
increased in the second observation and 
began to decrease in the third observation until 
the end of cultivation (Figure 2). The longer the 
cultivation period, the weight of seaweed is 
increasing. In accordance with the opinion of 

Abdan et al. (2013), it has impact on the 
increasing competition for nutrients and 
sunlight for the process of photosynthesis so 
absolute growth and biomass decreases. 
Wenno et al. (2015) also stated that plant 
density affects the speed of nutrient absorption 
by seaweed so that at the beginning of 
cultivation, growth and biomass is higher and 
decreases with longer cultivation. In addition, 
an individual's growth will be optimal when the 
age of the individual is younger. According to 
Sahabuddin &Tangko (2008) young cells and 
thallus tissue provide optimal growth. This 



Herliany et al., Absolute Growth and Biomass of Glacilaria sp. 
 

164 
 

opinion is in line with the opinion of Widyanto 
& Suliso (1977) which states that the rate of 
mineral absorption of plants is greater at the 

beginning of growth than when the plants were 
old. 

 

 

 

 

a) Absolute growth of Gracilaria sp. b) Biomass of Gracilaria sp. 

Figure 2. Absolute growth and biomass of Gracilaria sp. under different depth during cultivation 
 

The rate of seaweed growth is also influenced 
by the rate of photosynthesis. Lakitan (2011) 
states that the rate of photosynthesis is 
influenced by the age or developmental stadia 
of the photosynthetic organ itself. The organ's 
ability to photosynthesize increases at the 
beginning of its development, but then begins 
to decline, sometimes before the organ is fully 
developed. This causes each plant to 
experience a phase where there is an increase 
in the rate of photosynthesis that is at the 
beginning of its development; as well as a 
decreasing phase of photosynthetic rate 
occurring at a certain age, which is different in 
each plant species. 

 
The absolute growth rate of Gracilaria sp. at 
30, 45 and 60 cm depth respectively are 
34,861 g; 22,269 g; and 16,389 g; whereas the 
biomass at  30, 45 and 60 cm depth were 
8,803 g/m2; 5,623 g/m2 and 4,139 g/m2 (Figure 
3). Based on the analysis of variance 
(ANAVA), the depth of cultivation gives a 
significant effect both on the absolute growth 
(p <0,05) and the biomass of Gracilaria sp. 
(p<0.05). Duncan's multiple range tests show 
that 30 cm of depth provides the highest 
absolute growth and biomass of Gracilaria sp. 
than the other two depths. 

The depth of cultivation will affect the intensity 
of light that entering the waters. Light intensity 
is a limiting factor for seaweeds growth. 
Seaweeds, like other plants, requires light 
(sunlight) to perform photosynthesis that is 
useful for its growth. According to Raikar et al. 
(2001), several main factors that have the 
most significant effect on the rate of seaweeds 
photosynthesis, ie light intensity, temperature 
and salinity. If the light intensity is less than 
optimal then the process of photosynthesis will 
be disrupted and resulting on slow growth. And 
conversely, if the light intensity is optimum 
then the process of photosynthesis will 
increase. Increased photosynthesis processes 
will increase the metabolic process that 
stimulates seaweeds to absorb more nutrients 
so the growth is better (Akmal et al., 2014). 
 
Water Quality 

The measurement of water quality parameters 
was done to determine the condition of waters 
for the growth of Gracilaria sp. During 
cultivation, the water quality at the cultivation 
site is still suitable for the growth of Gracilaria 
sp. (Table 1). 
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a) Average of absolute growth rates of Gracilaria 
sp. 

b) Average of biomass of Gracilaria sp. 

*The number followed by different letters expresses the siginificant difference by DMRT 5% 

 
Figure 3. Comparison of absolute growth rates and biomass of Gracilaria sp. at various depths of 

cultivation. 

Table 1. Results of water quality measurement of cultivation site 

No Parameter Value Optimum Reference 

1 Temperature (oC) 29 25-30 Ditjenkanbud (2005) 
2 Salinity (‰) 27,333 15-30 WWF (2014) 
3 Degree of acidity (pH) 8 6-9 WWF (2014) 
4 Transparency (cm) 68,333 40-60 WWF (2014) 
5 Current velocity (cm/s) 34,333 20-40 Anggadiredja et al. (2008) 

 
Temperature 

Temperature is one of the water quality 
parameters that play a role in the growth of 
seaweeds. According to Dawes (1981), water 
temperature can affect some physiological 
functions of seaweeds such as 
photosynthesis, respiration, metabolism, 
growth and reproduction. Based on the 
observations, the temperature at the study 
sites ranged from 25 - 30oC with an average of 
29oC. Overall, the temperature at the study 
sites is still suitable for seaweeds cultivation 
according to Ditjenkanbud (2005). 

Salinity 

Aquatic organisms, including seaweeds, have 
an osmoregulation system that allows it to 
survive a certain salinity range. Significant 
salinity changes can disrupt the 
osmoregulation mechanism and can lead to 
death. Salinity in the study sites ranged from 
20 to 30 ‰, with an average salinity of 27,333 
‰. Based on WWF (2014), salinity value 
during the study is still suitable for seaweeds 
cultivation. Gracilaria sp. is an organism that 
has a high tolerance range for salinity. 
According to Hoyle (1975), Gracilaria sp. can 
tolerate salinity with a range of 5 - 43 ‰. 

Degree of Acidity (pH) 

The pH values in the study sites ranged from 
7.8 to 8.2, with an average pH of 8. According 
to the WWF (2014), the optimum pH for 
seaweeds cultivation range from 6-9. Based 
on the statement, the pH value at the study 
site is suitable for seaweeds cultivation. The 
pH values are influenced by several factors 
such as biological activities (photosynthesis 
and organism respiration), temperature and 
presence of ions in these waters (Pescod, 
1973). 
 
Transparency 

The transparency of a waters is closely related 
to the penetration of sunlight into the waters. 
Seaweeds, like other plants, requires sunlight 
energy to perform photosynthesis, so 
transparency becomes one of the important 
factors determining the growth of seaweeds. 
Transparency at the study sites ranged from 
65 to 70 cm, with an average of 68.333 cm. 
According to WWF (2014), the transparency 
for seaweeds cultivation ranges from 40 to 60 
cm. This means, at a depth of 60 cm sunlight 
can still penetrate into the waters. Based on 
WWF (2014), the transparency of the study 
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site is still suitable for seaweeds cultivation 
because at a depth of 70 cm, sunlight can still 
penetrate the waters. Marinho-Soriano et al. 
(2009) says that decreased penetration of 
sunlight into the water column can restrict the 
photosynthesis and seaweeds growth. 
Current velocity 

Strong current movements can keep the 
seaweeds clean from the sediment so that all 
parts of the seaweeds thallus can function 
optimally in the process of photosynthesis. 
Ryder et al. (2004) demosntrated that the lack 
of water movement significantly decreases 
growth rates of Gracilaria parvispora in ponds 

and lagoons in Hawaii. According to Atmadja 
et al. (1996), the faster the water movement, 
the more nutrients carried by water can be 
absorbed by the seaweeds through the 
diffusion process. But overcurrent currents can 
cause damage to cultivation construction and 
cause seaweeds thallus to be broken. The 
result of the measurement showed that the 
study site has a current velocity between 23 -
51 cm / s, with an average current velocity is 
34,333 cm / s. According to Anggadiredja et al. 
(2008), the current velocity suitable for 
seaweeds growth is 20-40 cm / s, so based on 
the statement, the current velocity in the study 
site is suitable for seaweeds cultivation.  

CONCLUSION 

Depth affects absolute growth and biomass of 
Gracilaria sp. The 30 cm depth provides the 

highest absolute growth and biomass than the 
other two depths. Water quality measurements 
indicate that the study site is generally suitable 
for seaweeds growth. 
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