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ABSTRACT 

 Activities of phytoplankton culture needed to be supported by physical and chemical 

parameters. This study aimed to analyze the effect of a combination of salinity and Walne 

fertilizer on the population growth of Nannochloropsis sp on the laboratory scale. The method 

used in this study is an experimental method using CRD (Completely Randomized Design) 

experimental design with 2 factors, namely salinity and Walne fertilizer, and each factor is 

given 3 levels of treatment. The level value of each factor is combined to obtain 9 combinations 

with 3 replications to obtain a total of 27 experimental units. The results of measuring the water 

quality parameters show that the media conditions were in good condition: an average 

temperature of 21℃, an average pH of 7.6, and the LED light used is ±2,000 lux. The results 

showed no significant effect of the combination of salinity and Walne fertilizer on the 

population growth of Nannochloropsis sp. The best combination value was obtained in the 

S1W1 treatment with a combination of 15 ppt salinity and 0.5 mL Walne fertilizer dose, 

resulting in cell population density (4125x103 cells/mL). The second best was obtained in the 

S1W2 combination with 15 ppt salinity and 1 mL Walne fertilizer dose (3775x103 cells/mL). 
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1. INTRODUCTION 

Phytoplankton is one of the main 

components that act as natural food to obtain 

nutrients in aquaculture activities such as 

zooplankton farming or fish and shrimp 

hatcheries because the nutrients in natural 

food cannot be replaced by other feeds1. 

Natural feed must contain sufficient 

nutrients to grow the cultivated organisms. 

The one natural food that is often used is 

Nannochloropsis sp. This phytoplankton has 

a nutritional content of 50-55% protein, 16% 

carbohydrate, 28.3% fat, and 0.05% 

chlorophyll-a2. Its non-motile and non-

flagellated spherical cells have a size of 2-4 

μm and are the food of Brachionus plicatilis 

and Artemia3. Nannochloropsis sp. also has 
a short growth time of 4-6 days4.   

In phytoplankton culture activities, 

some components must be considered to 

support the success of culture activities. 

These include physical and chemical 

parameters such as salinity, pH, temperature 

in the culture medium, and nutrients 

obtained from the fertilizer used. One 

parameter that can affect the growth of 

Nannochloropsis sp is salinity. The salinity 

range owned by Nannochloropsis sp to be 

able to live is 0-35 ppt5. Lower salinity 

increased vital growth parameters and lipid 

productivity in Nannochloropsis sp6. 

Salinity is also a parameter that can affect 

growth rate and feed consumption in fish7. 

Another factor that plays a role in the 

culture of Nannochloropsis sp is fertilizer, 
which must have sufficient nutrients for 

phytoplankton to live and develop. The 
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development of natural food is related to 

macro and micro components8. The use of 

Walne fertilizer is better for increasing green 

microalgae growth than other media because 

of its better nutritional content9. Using 

synthetic fertilizers such as Walne fertilizer 

for microalgae culture is also considered 

more practical because of its complete 

nutrient content compared to organic 

fertilizers10. Walne medium is also a 

commonly used medium in microalgae 

culture11. 

The effect of salinity on the growth of 

other phytoplankton has been done 

comparing the effect of salinity on 

population density and chlorophyll-a 

concentration in Spirulina sp and found that 

an increase in salinity can increase the 

population density in Spirulina sp12. 

Research has also been done comparing the 

concentration of Walne fertilizer on the 

growth of Nannochloropsis sp. and obtained 

the results that the dose of Walne fertilizer 

does not affect the growth of 

Nannochloropsis sp13. So, in this study, 

experiments were conducted by combining 

salinity values and Walne fertilizer 

concentrations on the growth of 

phytoplankton Nannochloropsis sp.  

This study aimed to analyze the effect 

of the combination of salinity and Walne 

fertilizer on Nannochloropsis sp and analyze 

the best combination value for the growth of 

phytoplankton Nannochloropsis sp. 

 

2. RESEARCH METHOD 

Time and Place 

This research was conducted from 

December 2023 to January 2024. Culture 

analysis and cell counts were conducted at 

the laboratory of UPTD Balai Perikanan 

Budidaya Air Laut dan Payau (BPBALP) 

Teluk Buo, Padang, Sumatera Barat. 

 

Method 

The method used in this study is an 

experimental method with RAL 2 factors, 

each having 3 treatment levels. The first 

factor is the difference in salinity (S), and the 

second is the Walne fertilizer dose (W). The 

value of the salinity treatment level is taken 

based on the level value that can be tolerated 

by Nannochloropsis sp, which is 0-35 ppt, 

then divided into 3 levels of low salinity (15 

ppt), medium (25 ppt), and high (35 ppt). 

The concentration level of Walne fertilizer 

used was taken from the commonly used 

concentration value (1.0 mL), then 

decreased (0.5 mL) and increased (1.5 mL) 

to see the effect of each combination. Each 

level was combined to obtain 9 treatment 

combinations, and then 3 repetitions were 

carried out to get 27 experimental units. 

After that, the layout was randomized using 

a lottery system to determine the location of 

each experimental unit. 

 

Procedures 

This research was conducted in a 

controlled room with an average temperature 

of ±21℃. The procedures carried out in this 

research are the preparation of tools, culture 

rooms, and media, preparation of seeds, 

making media, applying fertilizers, 

inoculating seeds, control, then observation 

and calculation of density. The preparation 

of tools includes sterilization by cleaning 

tools using 70% alcohol. Sterilization of 

culture containers is done by washing the 

container using anti-bacterial soap and then 

drying it in the sun for about 4-5 hours until 

the container is completely dry. Room 

sterilization is done by cleaning the room 

and culture rack from dust and other 

impurities. Sterilization of culture media is 

done by filtering the water first using a filter 

bag and then boiling it until it boils, then 

cooling it down to normal temperature so 

that the water used has avoided the presence 

of bacteria that can cause contamination of 

the culture object. 

The seeds used were pure culture 

stocks of Nannochloropsis sp with a density 

of 3,500x103 cells/mL at UPTD BPBALP 

Teluk Buo, making culture media using the 

dilution formula: 

M1.V1 = M2.V2 

Descriptions: 

M1 : Initial of solution molarity (g/L) 

V1  : Initial of solution volume (mL) 
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M2 : Final of solution molarity (g/L) 

V2 : Final of solution volume (mL) 

 

Then the media was put into the 

container according to the treatment given 

15 ppt (S1), 25 ppt (S2), and 35 ppt (S3) as 

much as 700ml, after which Walne fertilizer 

was added according to the dose of 0.5 mL 

(W1), 1.0 mL (W2), 1.5 mL (W3) using a 

drop pipette, then stirred until the fertilizer 

was evenly mixed. The seedlings were 

inoculated, and aerators were installed. 

Calculation of initial seedling density using 

the formula14: 

N2
 =

𝑉1 𝑥 𝑁1

𝑉2
 

Descriptions: 

V1  :  Initial of seedling stocking 

volume (mL) 

V2  :  The volume of culture medium 

used (mL) 

N1  :  Seedlings stock (cell/mL) 

N2 :  Desired Nannochloropsis sp 

seedling density (cell/mL) 

 

Population growth calculations were 

carried out every day for 6 days starting the 

day after the seedlings were inoculated by 

checking WQP (Water Quality Parameters) 

in the form of pH and temperature using a 

pH meter and digital thermometer, after 

which observations were made using a 40x 

magnification microscope and 

Haemacytometer, the results of observations 

were then photographed and then calculated 

using the density formula15: 

D =
𝑛1+𝑛2+⋯.+𝑁𝑥

𝑥
 𝑥 25 𝑥104 cell/mL 

Descriptions: 

D  :  Phytoplankton density (cell/mL)  

n :  Number of phytoplankton in the 

squares 

x :  Number of squares 

 

Absolute Growth 

Absolute growth is calculated using 

the formula16: 

G = Wt – Wo 

Descriptions: 

G : Absolute Growth (cell/mL)  

Wo : Initial cell density (cell/mL) 

Wt : Final cells density (cell/mL) 

 

Relative Growth Rate 

Relative growth is determined using 

the formula16: 

RGR = ((Ct - C0) / C0) x 100% 

Descriptions: 

RGR: Relative growth rate (%) 

C0    : Cell population density (cell/mL) 

in the first period  

Ct     : Cell population density (cell/mL) 

in the last period 

 

Spesific Growth Rate (SGR) 

The specific growth rate is determined 

using the formula17: 

SGR =
𝐿𝑛𝑁𝑡−𝐿𝑛𝑁𝑜 

𝑡
𝑥 100% 

Descriptions: 

SGR : Spesific growth rate (%/day)  

No : Initial population density (cell/mL) 

Nt : Final population density (cell/mL) 

t : Time (day)  

 

Data Analysis   

The population growth data obtained 

in this study are presented in tables and 

graphs to compare the growth of 

Nannochloropsis sp. Each treatment 

combination was analyzed using a two-way 

Analysis of Variance (two-way ANOVA). 

Furthermore, the Least Significant 

Difference (LSD) further test was 

conducted. 

 

3. RESULT AND DISCUSSION 

Population Growth 

Observations were made at 10:00 a.m. 

until completion at the Laboratory of Balai 

Perikanan Budidaya Air Laut dan Payau 

(BPBALP) Teluk Buo. The H0 value or 

initial density is calculated using the initial 

density formula. The seeds used in each 

treatment are the same, so it can be said that 

the initial density value of each treatment is 

the same. The stock density value of the 

Nannochloropsis sp culture used was 

3,500x103 cells/mL, so the initial cell 

population density value was 1,050x103 

cells/mL, presented in Figure 1. 
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Figure 1. Average population growth of Nannochloropsis sp. during the 6-day culture period 

 

The results of the calculations that 

have been carried out show that the cell 

growth of Nannochloropsis sp has increased 

every day. However, in the two-way 

ANOVA analysis test that combines the 

salinity and walne fertilizer factors, the 

results of p>0.05 significance on each day so 

that there is no effect of the combination of 

salinity and walne fertilizer on the growth of 

Nannochloropsis sp. 

On day 1, the growth of 

Nannochloropsis sp. is in the lag or 

adaptation phase because microalgae cells 

are still adapting to the culture media and are 

still not actively reproducing. In the 

adaptation or lag phase, cells adjust to the 

culture media18. On day 2, the highest 

population density was obtained by 

treatment S1W2 with a density of 1850x103 

cells/mL, and the lowest was found in 

treatment S3W1, which amounted to 

1425x103 cells/mL. Although still in the 

adaptation phase, there are several 

treatments whose population has increased 

by a drastic amount, and this can occur 

because the difference in daily growth of 

each treatment is caused by the ability of 

cells to absorb nutrients contained in the 

culture medium19. 

On day 3, the highest density peak was 

obtained by treatment S1W2 with an 

abundance of 2225x103 cells/mL and the 

lowest was obtained by treatment S2W2 

with an abundance of 1975x103 cells/mL. 

On day 3, the abundance obtained by each 

treatment had almost the same value, 

whereas the Nannochloropsis sp cells had 

nearly entered the exponential growth phase 

on day 4; when the cells entered the 

exponential phase, the highest density was in 

treatment S1W1 with a density of 2900x103 

cells/mL and the lowest was obtained by 

treatment S2W1 with a density of 2525x103 

cells/mL. When entering the exponential 

phase, phytoplankton cells begin to absorb 

nutrients quickly and experience cell 

division so that they tend to increase the 

number of cells20. The growth rate on day 4 

in each treatment also tended to be higher 

than the other days. 

On the 5th day, Nannochloropsis sp. 

cells still increased where the peak density 

was obtained by S2W3 treatment with a total 

density of 3325x103 cells/mL and the lowest 

in S3W1 and S3W2 treatments with a total 

density of 2900x103 cells/mL on the 5th day, 

Nannochloropsis sp cells were still in the 

exponential growth phase so that cell density 

continued to increase. On the 6th day, S2W3 

treatment experienced a slight decrease in 

cell density to 3275x103 cells/mL, and this 

indicates that Nannochloropsis sp cells have 

entered the stationary phase where the rate 

of phytoplankton death is relatively the same 

as the growth rate, so that the density of 

phytoplankton in this phase is relatively 

constant.  

However, on day 6, other treatments 

still experienced growth characterized by an 

increase in the number of cell densities 
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where the highest density was obtained by 

the S1W1 treatment as well as the highest 

density value in this study for 6 days of 

culturing, which amounted to 4125x103 

cells/ml and the lowest density value on day 

6 was obtained by the S2W3 treatment with 

a cell density value of 3275x103 cells/mL. 

 

Absolute Growth 

The highest absolute growth value in 

this study was found in the S1W1 treatment 

in the H5-H6 period, with a growth value of 

825x103 cells/mL. The lowest value was 

found in the S2W3 treatment in the same 

period, H5-H6, where the growth value 

reached -50x103 cells/mL, which means that 

on day 6, the average cell population in the 

S2W3 treatment decreased compared to day 

5. 

The absolute growth that occurred in 

each treatment had different patterns in each 

period; in the H1-H2 period, some 

treatments experienced an increase in 

absolute growth, but several treatments 

experienced a decrease in absolute growth, 

but the treatment that experienced a 

reduction of absolute growth in the H1-H2 

period experienced an increase in absolute 

growth in the next period on the contrary, the 

treatment that experienced a rise in absolute 

growth in the H1-H2 period experienced a 

decrease in absolute growth in the H2-H3 

period. In the H3-H4 period, the treatment 

tended to increase due to cells entering the 

exponential phase, with the highest increase 

obtained by treatment S1W1 with a value of 

750x103 cells/mL. In the H4-H5 period, the 

absolute growth in each treatment decreased 

and increased again in the H5-H6 period 

where the cells were still in the exponential 

phase, as presented in Figure 2. 

 
Figure 2. Absolute growth of Nannochloropsis sp. over a period of 1 day (24 hours) 

 

Relative Growth Rate (RGR) 

This study's relative growth rate 

pattern showed a diverse pattern in several 

periods. In the H0-H1 period, there was 

S1W1 treatment with the highest RGR value 

of 28.6%, and the lowest was obtained by 

S3W3 treatment with an RGR value of only 

4.8%. In the following period (H1-H2), the 

value of S3W3 experienced a drastic 

increase of 54.5% and became the treatment 

that obtained the highest value. The H2-H3 

period showed an excellent value in each 

treatment even though, at this stage, the 

phytoplankton was still in the adaptation 

phase, but the RGR value showed a good 

number where the lowest value in this period 

was obtained by the S1W3 treatment with a 

value of 19.4%. In the H3-H4 period, where 

phytoplankton has entered the exponential 

phase, the value obtained by each treatment 

is relatively the same, which only ranges 

between 24- 35%, so it can be concluded that 

the growth that occurs in this period is 

relatively the same. The value in each 
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treatment decreased in the next period (H4-

H5), whereas the value obtained in this 

period only ranged from 8% to 20%. Finally, 

in the H5-H6 period, the value obtained by 

each treatment has a diverse pattern; several 

treatments have decreased, and several 

others have increased, and there is a 

treatment that has a negative value in this 

period, namely the S2W3 treatment with a 

value of -1.5%, presented in Figure 3. 

 
Figure 3. Relative growth rate (RGR) of Nannochloropsis sp in 1 day (24 hours) period 

 

Figure 4. Specific growth rate (SGR) of Nannochloropsis sp 

 

Specific Growth Rate 

The value of SGR is the calculation of 

the daily cell population growth of 

Nannochloropsis sp. for 6 days of culturing. 

The results showed that the highest SGR 

value was found in the S1W1 treatment with 

a value of 22.8%/day, and the lowest value 

was obtained in the S2W3 treatment with a 

value of 19%/day. It can be seen that the 

value of each treatment is not too much 

different. The distance between the lowest 

and highest values is only 3.8% daily. The 

value of the growth rate can be used as a 

benchmark to determine the carrying 

capacity of the media to the growth of 

Nannochloropsis sp. The higher the growth 

rate, the better the carrying capacity of the 

media. It can be seen that all treatments show 

excellent value in supporting the growth of 

these phytoplankton cells (Figure 4). 

 

4. CONCLUSION 

In this study, it can be concluded that 

the combination of salinity and Walne 

fertilizer does not significantly affect the 

growth of Nannochloropsis sp. The best 

combination in this study was obtained by 

S1W1 treatment with a combination of 15 
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ppt salinity and 0.5 mL Walne fertilizer 

dose, with a population density value of 

4125x103 cells/mL. The second best was 

obtained by an S1W2 combination of 15 ppt 

salinity and 1 mL Walne fertilizer dose, with 

a population density value of 3775x103 

cells/mL. 
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