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Article Info Abstract
Received Spirulina platensis is a marine microalga that has potential as a natural
30 August 2022 fish feed and is considered an absolute food supplement to combat
malnutrition in some countries. Azolla microphylla is a water fern that has
Accepted been cultivated, contains high protein, grows quickly and is widely found
24 September 2022 in tropical waters. This study analyzed the effect of liquid fertilizer of
A.microphylla on population growth and chlorophyll content of S.
platensis. A completely randomized design (CRD) was used and the
treatments were A (3 mL/L), B (5 mL/L) and C (7 mL/L), D (negative
Keywords: control without liquid fertilizer) and E (positive control, addition of 1

ml/L Walne fertilizer). The measurement results showed that the water
quality during the study was in good condition, the water temperature

Liquid Fertilizer,
Macrophites,

Microalgae, ranged from 28-29 C, pH (7-8) and salinity (25 - 26 ppt). The highest
Organic  Fertilizer, population density level of S. platensis (321,500 cells/mL) was recorded
Water Fern. in treatment B. Then followed by treatment D (270,600 cells/mL),
treatment C (260,000 cells/mL), treatment A (220,000 cells/mL) and
treatment E (150,000 cells/mL). The highest chlorophyll content was
found in treatment C of 0.362 g¢/L, treatment D (0.302 g/L), treatment A

(0.182 g/L), treatment B (0.250 g/L), and treatment E (0.072 g/L).
1. Introduction therefore it is necessary to use alternative
Spirulina platensis is a multicellular fertilizers that are easily available, rich in
marine microalga that undergoes nutrients and relatively inexpensive. (Salunke

photosynthesis, one of the most promising
energy sources because it is renewable and
neutral to CO,, one of which is the chlorophyll
pigment contained in it. Chlorophyll pigment is
the main factor affecting photosynthesis. Has
many benefits of considerable attention in the
health care and food sectors as a protein and
vitamin supplement and has the potential as a
good natural food and contains high value
bioactive compounds, and heavy metal
absorption in the polluted environment.
Laboratory-scale natural feed cultures use a lot
of Walne and Guillard fertilizers for rearing
media. Semi-mass and bulk cultures usually use
commercial fertilizers (Urea, TSP, and ZA).
The high price of fertilizer is a problem that
must be faced in cultivating microalgae,

et al., 2016; Bezerra et al., 2011; Gongalves et
al., 2016; Huesemann et al., 2016; Hanriyani et
al., 2019).

Azolla microphylla is a plant that belongs
to the aquatic weed and is widely found in
tropical waters. Contains macro and micro
elements, including N (4.5%), P (0.5-0.9%), K
(2-4.5%), Ca (0.4-1%), Mg (0.5-0.6%), Fe
(0.06-0.26%), Mn (0.11-0.16%). Azolla is
known to be able to symbiotically with the
blue-green bacteria Anabaena azollae and fix
nitrogen directly from the air (Effendi et al.,
2019; Effendi et al., 2020). This potential
makes Azolla used as green manure both in
paddy fields and dry land (Lestari et al., 2019).
In optimal conditions, Azolla will grow well
with a growth rate of 35% per day. The
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nutritional value of Azolla contains high
protein content between 24-30%. The content
of essential amino acids, especially lysine, was
0.42% higher than the concentrate of corn,
bran, and broken rice. Liquid fertilizer made
from Azolla is proven to increase the
population of this microalgae with a certain
concentration due to the content of Nitrogen
(N), Phosphorus (P), Iron (Fe), Magnesium
(Mg) in A. microphylla (Leksono et al., 2017;
Albab et al., 2017; Ali et al., 2012).

The growth of S. platensis really needs
nutrients, both macronutrients and
micronutrients so that these microalgae can
photosynthesize well and have high chlorophyll
content. Nitrogen and phosphorus are basic
components in the formation of proteins for the
growth and development of these microalgae.
The components that affect the formation of
chlorophyll are N, P, Mg and Fe. One way to
meet nutritional needs for good growth is to
provide fertilizers such as Walne or agricultural
technical fertilizers that contain the components
needed for these phytoplankton to grow well
(Barus et al., 2018; Lestari et al., 2019). The
use of A. microphylla as an alternative fertilizer
is possible, due to the presence of components
that can support the growth and development of
this microalgae (Soni et al., 2019; Effendi et
al., 2021; Nainggolan et al., 2018). This study
aimed to analyze the effect of fertilizer
application made from A.microphylla on
population growth and chlorophyll content in
S.platensis

2. Methodology
2.1. Time, Place and Materials

This research was conducted in April -
May 2021 at the Marine Microbiology
Laboratory, Faculty of Fisheries and Marine,
Riau University. Pure culture of S. platensis
obtained from the natural feed laboratory of
BBPBAP Jepara. Central Java, Indonesia. A.
mycrophylla is a collection of our laboratory.
Walne fertilizer (Na,EDTA 45g, NaH,PO,,
H,O 20g, FeCl;.6H,O 1.5g, H3BO; 33.6 g,
MnCl, 0.36g, NaNO; 100g) as a source of
nutrients, distilled water and absolute methanol
was purchased from commercial sellers.
Seawater as a growth medium was collected
from Padang Beach, West Sumatra, Indonesia.

2.2. Research Design
The research design used in this study
was a completely randomized design (CRD).
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Consists of 5 treatments with 3 repetitions.
Consists of A (3 mL/L), B (5 mL/L) and C (7
mL/L), D (negative control without fertilizer
application) and E (positive control, addition of
1 mL/L Walne fertilizer). The research data
were statistically analyzed using one way
ANOVA and continued with the LSD (Least
Significant Different) test.

2.3. Liquid Fertilizer Preparation and

Growing Media of S. platensis

A. microphylla washed with clean water
repeatedly to remove dirt that sticks. Then dried
in an outdoor system under the hot sun for 3
days. The dried Azolla is then ground into
powder and then dissolved in distilled water
(1:4) for 3-4 weeks and stirred every day. After
soaking then squeezed so that the liquid in it
can come out. The supenatant extracted from
A.microphylla was filtered until there was no
remaining pulp. This liquid fertilizer was then
sterilized using an autoclave (121 °C for 15
minutes), placed in a sterile glass container and
closed to avoid contamination.

The growing medium used was seawater
mixed with fresh water. The water temperature
ranged from 28-29 °C, pH (7-8), and salinity
(25 - 26 ppt) as much as 1000 ml. A total of 1 L
was put in a 2 L capacity container and then a
solution of Azolla liquid fertilizer was added
according to the concentration of each
treatment. The media was aerated to supply air
into the growing media for S. platensis.

2.4. Growth of S. platensis

Pure cultures of S. platensis were put
into culture media with a density of 100,000
cells/mL. Number of the microalgae seeds
required for inoculation measured by using the
following formula:

N2 XVZ
1 N1
where:
V1 = Volume of initial stocking seeds (mL)
V2 = Volume of culture medium used (mL)
N1 = Density of seeds/stock used (cells/mL)
N2 = desired density of S. platensis seedlings

(cells/mL)

The population density calculation was
carried out every two days after the initial
inoculating of the seeds. Calculations were
performed using the Sedgwick Rafter Counting
Cell (SRC). The sample was dripped as much
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as 1 mL above the SRC using a dropper, then
observed using a microscope with a
magnification of 100x. The growth of S.
platensis was calculated based on one

Putra ot al

665 nm. Chlorophyll content is calculated by
the following formula:
Chlorophyll pg/L = absorbance coefficient X Aggs

where:

sinusoid/wave. The density calculation is Aces = Read the absorbance of the
Cal’l’ied out USing the formula: ﬁltrate at a Wavelength of
N= 1000 xn 665 nm

3 14((1/ )2 Chlorophyll = Chlorophyll ~ content  of
’ 2 ng/L S.platensis (ug/L)

where Absorbance = 1.69.

N = Density of S. platensis (cell/mL) coefficient

D = Field of view diameter (mm)

N Average number of S. platensis per 3. Result

field of view (cell/mL)

2.5.  Chlorophyll content of S. platensis

A volume of 10 ml of S. platensis culture
was placed into centrifuge tube and then
centrifuged at 3000 rpm for 15 minutes. The
centrifuged supernatant was discarded and the
S. platensis pellet at the bottom of the tube was
extracted with 10 ml of absolute methanol, then
disrupted with a homogenizer and incubated at
70 °C for 2 minutes. The resulting mixture was
centrifuged at 3000 rpm for 5 minutes. The
obtained filtrate was measured its absorbance
using a spectrophotometer at a wavelength of

3.1. Population of S. platensis

There were differences in the population
density of S. platensis in each treatment at 14
days. The highest population was in treatment
B (321,500 cells/mL), and the lowest one in
treatment E (negative control) with only
150,000 cells/mL. In treatment A, the highest
population density reached 220,000 cells/mL,
while in treatment C (260,000 cells/mL) and in
treatment D (positive control) the highest
density reached 270,600 cells/mL (Table 1).
Based on the ANOVA test at the 6th and 12th
days there was a significant difference (p<0.05)
of each treatment.

Table 1. Population density of S. platensis (x10° cell/mL)

Cultivation Experimental treatments
Period (day) 3ml/L(A) 5ml/L (B) 7ml/L(C) Positive control (D) Negative control (E)
0 100 100 100 100 100
1 121.3 126.1 121.4 126.7 120
3 150 189.2 155 192 145
6 175 275.5 200 248 150
3 180 290 2335 270.6 135
12 220 321 260 261 125
14 170 245 220 230 109

3.2.  Population of S. platensis

Measurement of chlorophyll content was
carried out at 1, 3, 6, 9, 12 and 14 days. The
chlorophyll content ranges from 0.010 to 0.362.

Treatment B (5 mL/L) was 0.310 g/L, treatment
D (positive control) was 0.302 g/L, treatment A
(3 ml/L) was 0.182 g/L and the chlorophyll
content in treatment E (negative control) was

The highest chlorophyll content was found in 0.072 g/L (Table 2).

treatment C (7 mL/L) which was 0.362 g/L.

Table 2. Chlorophyll content of S. platensis

Cultivation Experimental treatments

Period (day) 3ml/L(A) 5ml/L (B) 7ml/L(C) Positive control (D) Negative control (E)
1 0.011 0.016 0.020 0.022 0.010
3 0.051 0.059 0.080 0.062 0.046
6 0.093 0.147 0.241 0.204 0.058
9 0.125 0.223 0.304 0.302 0.072
12 0.182 0.250 0.362 0.291 0.051
14 0.101 0.310 0.322 0.261 0.022
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4. Discussion
4.1. Population growth of S. platensis

Has been used as a fertilizer for several
plant species. For example, for Chinese kale
(Barus et al., 2018), rice plant (Setiawati et al.,
2017; Sajjad et al., 2021) several kinds of
agricultural crops (Lestari et al., 2019;
Widiastuti et al., 2016). The results of
measurements for each treatment during the
study showed that the total population density
of S. platensis increased differently due to
different types of fertilizers and their dosages.
The nutritional content of S. platensis is
obtained from the fertilizer, the higher the
fertilizer applied the effect on the nutrient
content (Belay, 2008). The results of the
ANOVA test obtained a significant value of p
<0.05, which means that there is a significant
difference in the application of liquid organic
fertilizer fermented from A. microphylla to the
population density of the microalgae.

These microalgae can be grown in
different media even in waste media. This biota
grows by utilizing sugar as a carbon source,
and protein hydrolyzate as a nitrogen source.
The organic materials needed for the growth of
these microalgae are abundant in plant-derived
wastes such as tapioca waste, latex waste, and
oil palm. Based on research, it is known that
Spirulina has been successfully used as a
biofilter in cow farm liquid waste. Cow farm
liquid waste contains organic material that is
used by these biota as food ingredients,
especially nitrate (NO3). Nitrate is the main
form of nitrogen in natural waters and is the
main nutrient in algae growth (Danesi et al.,
2002; Mutia et al., 2021).

From the results of this increase in
population density, it can be stated that during

350,000
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200,000 r
150,000 |
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50,000
0 s s
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the population growth period S. platensis went
through several phases, namely from day O to
day 4, this microalgae experienced a lag phase,
namely adapting to a new environment. The lag
phase or adaptation phase is a phase when the
cell density does not change, but the cell size in
that phase increases. Photosynthesis is still
actively taking place and organisms undergo
metabolism but cell division has not yet
occurred so that the density has not increased.
Then following on the 5th day to the 12th day,
S. platensis experienced an exponential phase,
namely the microalgae experienced constant
division so that they experienced cell density
and experienced an increase in the amount of
density, this is in accordance with what was
stated by the exponential phase marked by an
increase in density. S. platensis cells until they
reach their maximum density. The fastest
doubling time is usually reached during the
exponential phase, that is, the growth phase
when cells divide rapidly and steadily.

The increase in the microalgae
population was only up to the 12th day, after
that it decreased until the 14th day. In this case
S. platensis experienced a stationary phase,
which began to decrease compared to the
exponential phase where the density growth
rate was smaller than the death rate, the
decrease in growth was caused by reduced
nutrients in  the medium and greater
competition for nutrients, as well as living
space (Natalia et al., 2019; Mutia et al., 2021).
Population density growth of S. platensis can
be compared in each treatment. The density of
S. platensis increased from day 0 to day 12,
after which the total population density of this
microalgae decreased again on day 14, this can
be seen in Figure 1.

——

6
Day

9 12 14

Figure 1. Population density of S. platensis
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4.2. Population growth of S. platensis

The growth and biomass vyield of
Spirulina depends on nutrients availability, pH,
light, and temperature. Media composition and
its cost are challenging factors for the viable
mass cultivation of cyanobacteria. Two
different growth media, such as Zarrouk media
and modified media, were used to cultivate
Spirulina. Zarrouk media served as standard
media for cultivation of this microalgae (Soni
et al., 2019). In this study, the highest
chlorophyll content was found in treatment C
but was not matched by a high population
density (Figure 2). The same thing happened in
the study that cultured phytoplankton using
modified touge extract media. Optimal
concentration results were obtained for the
highest chlorophyll content of 6%. While the
optimal  concentration for the highest
population is 4% (Adharani et al., 2017). Sari
(2017) stated that the highest chlorophyll
content was at the highest concentration but
was not followed by a high population, because
the higher the concentration of fertilizer
application, the lower the effectiveness of
nutrient utilization. It is suspected that when
given a high concentration of fertilizer, the
growth of S. platensis was inhibited in carrying
out cell division which caused the population
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not to increase, but the excess remaining
nutrients were utilized for the development
process by producing chlorophyll. High
fertilizer  concentration results in  high
chlorophyll content.

The components contained in Azolla
liquid fertilizer include N (4.5%), P (0.5-0.9%),
K (2-4.5%), Ca (0.4-1%), Mg (0.5-0.6%), Fe
(0.06-0.26%), and Mn (0.11-0.16%). Nitrogen
is an important element for the growth of
plankton, forming protein and chlorophyll. In
addition to nitrogen, phosphorus is a part of
fertility support (Dianursanti et al., 2017;
Adharani et al., 2017; Adams et al., 2005).
Meanwhile, Cu is needed for lignin synthesis
and carbohydrate or protein metabolism. Zn is
needed for energy production, protein synthesis
and growth. Mn is required for photosynthesis
and protein metabolism.  Nitrogen and
phosphorus are basic components in the
formation of proteins for the growth and
development of microalgae, while the
components that affect the formation of
chlorophyll in these microalgae are N, P, Mg,
and Fe. The growth and formation of
chlorophyll in S.platensis is not only influenced
by the nutritional content but also by
environmental conditions in the rearing media.
(Soni et al., 2019; Schroder et al., 2010).

9 12 14

Figure 2. Chlorophyll content of S. platensis

5. Conclusion

The application of fertilizer made from
A. microphylla had a positive effect on
population density and chlorophyll content in
S.platensis. The optimal concentration of
Azolla-based fertilizer was 5 mL/L with a
density of 321,500 cells/mL. While the optimal
concentration for the chlorophyll content of

S.platenis was 7 mL/L with chlorophyll content
reaching to 0.362 g/L
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