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Abstract

Conventional catfish culture in Ogan Ilir (OI) have not
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optimal production, it can be increased by biofloc and
aquaponics with local swamp bacteria as a starter. The

purpose of this study was to apply biofloc technology and a

Keywords :
Aquaponics, Biofloc, Clarias catfish
production

combination of aquaponic-biofloc to increase the productivity
of catfish (Clarias sp.) rearing. The study used two ponds, a
biofloc circular pond and a combined biofloc and aquaponic

(biofloqua) for two months. The results of the specific growth
rate of fish in the aquaponic biofloc system were higher than
that of the biofloc system alone. The survival of the fish during
two rearing months of the Biofloqua system was 100% while
the Biofloc system was 92-96%. The water quality data that
measured were temperature, 30.3-31.9°C, Dissolved oxygen
4.5-7.2 mg.l"', pH 6-7, and ammonia concentration 0.27-0.71
mg.1" in the biofloc system and 29.5-31.3°C, 4.7-7.4 mg.1", pH
6-7, 0.20-0.53 mg.I" in biofloqua system, respectively. The floc
volume formation rate in the biofloc system alone reached 1.1
mlL1" per day, which was above the floc formation rate for the
biofloqua system 0.42 ml.I" per day, due to the use of nutrients
for plant growth. The combination of biofloc and aquaponics
showed more optimal growth performance and both were
efficient in feed (Food Conversion Ratio / FCR <1.00).
Although the results of the 5% level t test showed no
difference in the performance of the aquaculture biota
between the two systems, Biofloqua can be an alternative to
increase fish farmer income by harvesting vegetables and fish

together.

INTRODUCTION

The conventional culture of catfish
(Clarias sp.) in Sakatiga village has a
relatively low fish survival problem.
Sakatiga village fish farmers currently
need an aquaculture system to support the
growth and production of more productive
fish culture, especially catfish in swamp
areas. DJPB (2018) stated that
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conventional cultivation has a stocking
density of 100 fishes/ m3. To get optimal
fish production, biofloc technology is
needed to increase the production of
catfish with a stocking density of 500
fish/m® (Rusliadi et al., 2018). This
method could produce 20% higher fish
biomass with a fast harvest period of abou
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20% (2.5 months) of conventional
methods (Faridah et al., 2019), and FCR
less than 1.00 (BBPBAT, 2005).

In principle, biofloc technology
utilizes microbes in the form of selected
heterotrophic bacteria for water quality
management based on the ability of
bacteria to decompose organic and
inorganic Nitrogen (Fkasari, 2009). The
heterotrophic bacteria that make up the
biofloc include Bacillus sp., Bacillus
licheniformis, Bacillus megaterium, Bacillus
polmyxa, and Lactobacillus sp.
(Simanjuntak, 2017). The floc formation
is not only composed of floc-forming
heterotrophic bacteria and filamentous
bacteria but also from zooplankton,
microalgae, fungi, suspended particles,
and detritus (De Schryver et al., 2008).
Biota and organic materials that
accumulate around bound cells form floc
which can be a food source for shrimp and
fish (Crab et al., 2007).

The cultivation with high stocking
density causes a decrease in water quality
due to the accumulation of organic matter.
The decreasing water quality is indicated
by the water becoming smelly, so the
ammonia concentration increases and the
fish appetite decreases. To improve water
quality, it can be done by applying an
aquaponics system. Aquaponics can help
reduce nitrate concentrations through the
direct utilization of nitrates by plants
(Pratama et al.,, 2017). Aquaponics, in
principle, is optimizing narrow land to get
maximum results such as fish and
vegetables. The combination of biofloc
and aquaponics will help maintain water
quality in catfish cultivation. It can
optimize stocking density cultivation as
well as research on the optimization of
stocking density for catfish cultivation
with biofloc and Nitrobacter systems,
support the highest specific growth rate
and the lowest FCR of fishes (Puspita and
Sari, 2018). The Ilaboratory-scale
snakehead fish with swamp probiotic
starter could give the best performance of
fish and water quality in biofloc
technology of rearing system (Wijayanti et
al., 2020).
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An IMTA (Integrated Multitrophic
Aquaculture) system can be formed by
integrating Biofloc Technology and
Aquaponic System (BIOFLOQUA = Biofloc
Aquaponic System) or called Bioflokua.
According to Goada et al. (2015), the
IMTA system achieves the best average net
income and can cover production costs by
achieving an economic surplus capacity of
47-53% and a recovery period for invested
capital of fewer than 2.17 years, so that it
can become an opportunity for small-scale
business units in the country -developing
country. Aquaponics and biofloc systems
have advantages when compared to
conventional fish production. This system
uses only a single tank to produce
vegetables and fish together. Farmers can
produce catfish using an aquaponic system
with or without biofloc, which can
increase their productivity (da Rocha et
al., 2017).

The pilot in the form of a
demonstration plot for the aquaponic
biofloc cultivation system is expected to
prove that simple aquaponic biofloc
technology innovation can provide
benefits that can ensure sustainable
business because it is profitable and
environmentally friendly (da Rocha et al.,
2017; Pinho et al., 2017). The aim of this
study is the application of Biofloc and
Biofloqua technology (integrated Biofloc
and Aquaponics) with swamp probiotic
starter for increasing the productivity of
catfish (Clarias sp.) rearing culture in
farmer groups business at Ogan Ilir swamp
area.

METHODOLOGY
Place and Time

This activity was carried out from
November 2019 to March 2020 in the

agribusiness fisheries farmer group in the
village of Sakatiga Ogan Ilir.

Research Materials

This study used catfish fingerlings
(weight 7+2 g and length 9.5+1.7 cm),
feed (30% proteins), probiotics from
swamps, kangkong seeds, rock wool,
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water, salt, dolomite lime, and molasses.
The tools used were circular pools
(diameters 2 m), pipes, hoses, net pots,
water pumps, blowers, rulers, scales, im
hoff-cones (1 L), pH meters, DO meters,
and thermometers.

Research Design

The research data collection method
was carried out experimentally with two
round ponds arranged for the biofloc
system and the aquaponic biofloc system
as two fish populations in different
systems with completely randomized
design (two treatments and two
repetitions). Data of 30 fishes per pond on
length and weight growth were taken as
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replications. Measurement of water
quality was carried out twice in each pond.

Work Procedure
Pond Preparation

The pond used was a circular
tarpaulin pond with a diameter of 2 m, a
height of 1 m, and a water level of 0.8 m.
Preparation of the pond was carried out to
sanitize by brushing to remove dirt from
the wall, and drying for 60 minutes with
sunlight to kill pathogenic bacteria.

Pond Water Preparation

Preparation of rearing pond water
began with the spread of salt and lime.
The dosages of the ingredients used are
presented in Table 1.

Table 1.  Material for water pond preparation.
Materials Quantity/m® Total quantity/pond (2.5 m®)
Salt 1kg 2.5 kg
Lime 50g 125 g

Quantities of salt and molasses-
based on Sucipto et al. (2018) were 1
kg/m3 of water and lime were 50 g /m3
of water. So, the salt that was spread into
the pond as much as 2.5 kg and 125 g of
lime were first dissolved with water until
it was homogeneous then spread into the
water, then it was incubated for 1 day. The
addition of salt to the media aimed to kill
microorganisms such as bacteria and fungi
due to the nature of the salt which
hydrolyzes the microbial cells so that the
microbial cells die (Rimbiyastuti et al.,
2016).

Biofloc Medium Preparation
Molasses is a carbon source that is
spread into the media as a nutrient for
heterotrophic bacteria which breaks down
suspended organic matter in the media
(Crab et al, 2012). Molasses must be
cooked before use for separating with its
dregs and Kkilling contaminant bacteria.
The addition of molasses-based on Sucipto
et al. (2018) was as much as 100 ml per
m® with a media volume of 2.5 m® so the
volume of molasses added was 250 ml.
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Molasses were dissolved with water and
then evenly distributed at the existing
aeration point. Furthermore, the addition
of molasses was carried out every 7 days
with quantity calculated by the formula
based on Sucipto et al. (2018).

Molasse ml/L = x100 ml

Where:
F = Daily feed (g)

The probiotic used was Bacillus sp.
and Streptomyces sp. swamp origin, at a
dose of 10° CFU /mL"' (Wijayanti et al.,
2020). The media must be incubated for 7
days, then healthy catfish (Clarias sp.) can
be spread in the pond.

150g

Catfish Stocking

The stocking of fish in the
aquaculture container was started by
measuring the sample of catfish, measured
the length and weight at the beginning of
stocking. The fishes used were 7 + 0.5 cm
in size with a stocking density of 500 fishes
per m® (Ma'ruf, 2012). The two treatments
were biofloc ponds without aquaponics
and combined ponds with aquaponics,

Wijayanti et al. (2021)
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both of which were stocked with 1250
catfish. The stocking of catfish carried out
in the morning when the water conditions
are normal with prior acclimatization for
reducing the stress of fish.

Water Spinach Planting Preparation

Water spinach sowed with seeds at
Rockwool for 8 days in room temperature
conditions without sunlight. It spread into
aquaponic containers after some roots and
leaves appear. They put on aquaponic
media when the fish have been stocked for
a week in the pond.

Fish Rearing and Feeding

Rearing fish was carried out for 2
months. The weight and length of the fish
were sampled each week. Feed provided
with 30% protein. Feeding with the
feeding rate (FR) method was given as
much as 1% of the biomass for 4 days, and
then feeding at satiation. Feeding was
done 3 times a day, at 08.00, 12.00 and
16.00.

Parameters

Absolute length  growth  was
measured by taking fish samples and
measuring the initial length of the fish
when stocked and the length of the fish at
the end of rearing. Total length growth can
be calculated using the formula (Effendie,

2002):

La=Lt-Lo

Where:

La =Total length growth (cm)

Lt
Lo

= Final length (cm)
= Initial length (cm)

Total weight growth was measured
by taking fish samples and measuring the
initial weight of the fish when stocked and
the weight of the fish at the end of
maintenance, calculated using the formula
(Effendie ,2002) :

Wm = Wt-Wo
Where
Wm = Total weight growth (g)
Wt = final weight (g)
Wo =initial weight (g)
The feed conversion ratio shows the
efficiency of the feed used to increase each
gram of fish weight as the effect of feeding.
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The calculation of the feed conversion
formula based on Hanley (1991) :
F

— 0

FCR Wit D _WOX100/0

Where

FCR = Feed convertion ratio (%)

F = dryweight of feed given (g)

Wt = the wet weight of the fish at the end of
rearing(g)

Wo = the wet weight of the fish at initial
rearing (g)

D = the wet weight of dead fish during
rearing(g)

The survival rate shows the

percentage value of the fish's ability to
survive at the end of rearing, calculated
following the formula (Effendie, 2002) :

Nt
SR = —x100%
No

Where:

SR = Survival rate of fish rearing (%)

Nt = The final quantity of fish at the end of
rearing (g)

No=  The initial quantity of fish at initial
rearing (g)

Floc volume measurements were
carried out every morning at the beginning
and end of the catfish rearing activities.
Measurements were made by inserting a
1000 ml water sample into the Imhoff cone
and leaving it for 15 minutes then the floc
settled on the bottom and the results were
immediately seen on the scale in the Imhoff
cone. It was then calculated with the
formula (Suryaningrum, 2014):

Floc Volume

_ Volume of floc at the bottom of ilmhoff cone (ml)

Volume of water sample (1)

The water quality parameters
measured were pH (with pH meter),
dissolved oxygen (with DO meter), and
temperature (with thermometer) on the
culture medium. Measurements were
carried out every 3 times a week during the
rearing time. Ammonia measurements
were carried out at the beginning and end
of the rearing using the spectrophotometric
method.

Data Analysis

Data analysis was performed using
the T-test at a 5% level for growth and
survival rate of fish, and regression
methods on the growth of fish, floc volume
in both systems, the biofloc and the
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aquaponic-biofloc (‘biofloqua’) systems.
Data analysis was carried out descriptively
on water quality by collecting primary
data and secondary data. Primary data is
data obtained from direct data collection
or based on activities and secondary data
obtained from journals and books as
supporting literature (Andrews et al.,
2012).

RESULTS AND DISCUSSION

Data on the results of growth in
length and absolute weight and the ratio
of catfish feed conversion in maintenance
are presented in Figures 1, 2, 3, and 4. The

Table 2.
pond systems.

DOI : 10.20473/jafth.v10i3.23549

data in Table 3 shows the results obtained
by the biofloc pond, the average of total
weight gain and total length 8.00 g and
6.62 cm in the first month, and 21.79 g
and 2.38 cm in the second month,
respectively. The aquaponic biofloc
(Biofloqua) ponds showed a slightly better
performance than biofloc pond, with an
average weight and length growth value of
8.17 g; 6.67 cm in the first month and
22.30 g; 2.43 cm in the second month. The
results of T-test 5% level showed that the
Biofloc system and the Biofloqua system
had no effect on fish growth, both in
weight and length.

The weight and length of Catfish and Water Spinach in Biofloc and Biofloqua

Aquaculture Organisms

Time (days) Average weight (g) Average length (cm)

Fish in Biofloc Pond 0 7.16 = 2.10 9.50 + 1.83
30 15.16 = 0.83 16.12 + 0.83
60 36.95 = 6.42 18.5 = 0.84
Fish in Biofloqua Pond 0 7.01 = 2.01 9.45 = 1.50
30 15.28 = 0.59 16.12 + 0.64
60 37.58 £ 6.23 18.55 + 0.79
Water Spinach in Biofoqua Pond 28 18.21 + 3.50 29.86 = 2.12
Biofloc Fish Weight (g) Biofloqua Fish Weight (g)
60 60
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........................ 9 20 R?o1 e fd
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Figure 1. Weight and length growth of Catfish in Biofloc and Biofloqua systems.

Fish growth is influenced by
nutritional adequacy and fish appetite. A
high fish appetite can boost the growth
rate of fish and is supported by nutrients,
especially protein in feed. According to
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Alfia et al. (2013), a decrease in water
quality can affect the appetite of fish
resulting in reduced nutrient intake to the
body, stunted growth. If it goes on for a
long time it will result in the death of fish.

Wijayanti et al. (2021)
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The growth of catfish with a combined
biofloc and aquaponic culture system has
the advantage of improving water quality
by reducing organic matter, which is more
effective by the work of bacteria and
recirculation through plants which causes
a slightly higher appetite compared to
biofloc ponds without aquaponics with
feed consumption data for rearing time
9500 g biofloc pond and combination of
biofloc and aquaponics was 10 100 g
higher in the first month. Shah et al
(2018) showed that the amount of feed
given and the quality of feed has an effect
on fish growth. The role of probiotics in
contributing proteins and enzymes that

Ln Fish weight

4,5 y = 0,0279x + 1,9003

4,0 R2 = 0,9988 A
3,5 e
3,0

2,5 4 S

2,0

1,5 1

1,0

0,5 A
0,0

0 30 60
Time (days)
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are useful for helping fish digestion can
increase the growth rate (Widanarni,
2012).

The specific growth rates of fish
weight and length in the Aquaponic
Biofloc and Biofloc systems are shown in
the regression in Figures 2 and 3. Linear
regression of fish weight growth in
aquaponic biofloc and biofloc systems
shows the equation y = 0.0279x + 1,9003
(R2=0,9988) and y = 0.0285x + 1.8864
(R2 = 0.9993), which means that the
specific growth rate of fish weight in the
biofloc system is 2.79% per day while in
the aquaponic biofloc system it is 2.85%
per day.

Ln Fish weight
5,0

40 y = 0,0285x + 1,8864

R2 = 0,9993
3,0 i
2,0

1,0
B

0 30 60
Time (days)

0,0

Figure 2. Regression of Ln average weight of fish in Biofloc (A) and Biofloqua (B) ponds

on rearing time (days).

Ln Fish Length

3,5 y = 0,0114x + 2,3315
3,0 R = 0,8547

2,5 Quuseeereeesnnessnttt

2,0 |

1,5
1,0
0,5
0,0

0 30 60
Time (days)

Figure 3.

on rearing time (days).

The specific growth rate of fish in
the aquaponic biofloc system is higher
than that of the biofloc system alone.
Linear regression of fish length growth in
biofloc and aquaponic biofloc systems
shows the equationy = 0.0114 x + 2.3315
(R2 =0.8547) and y = 0.0114x + 2.3344
(R2 = 0.8514), which means The specific
growth rate of fish weight in the biofloc
and aquaponic biofloc systems was the
same, namely 1.14% per day. The
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Ln Fish Length
3,5 y = 0,0114x + 2,3344
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Regression of Ln average length of fish in Biofloc (A) and Biofloqua (B) ponds

integration of biofloc and aquaponics
systems can increase the growth rate of
fish weight but does not increase the
length growth rate.

Feed conversion ratio (FCR) is the
ratio between the weight of feed that has
been given and the biomass of fish
obtained with the same unit weight. The
value of the feed conversion ratio is
influenced by the quality of the feed given

Wijayanti et al. (2021)
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and the ability of the fish to absorb feed
nutrients into biomass (Handajani, 2011).

FCR
0,99 4

0,98 -
0,97 4
0,96 -
0,95 -
0,94 -
0,93 -

0,97

0,94
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0,92
Biofloc

Figure 4.

The smaller value of the feed
conversion ratio shows the higher
effectiveness and efficiency of the feed
given (Shah et al, 2018). The feed
conversion ratio value in the biofloc pond
got the best results because the value was
less than 1, 0.94 (first month); 0.97
(second month), and the combined biofloc
and aquaponics, 0.97 (first month); 0.98
(second month). According to DJPB
(2018), they stated that catfish farming
with the biofloc system can reduce the
feed conversion ratio value of less than 1,
which means feed efficiency because to

0,98
0,97
o first
month
Dsecond
month
Biofloqua

Feed Convertion Ratio (FCR) of Catfish culture on two months rearing time.

produce 1 kg of biomass, less than 1 kg of
feed is needed.

The feed efficiency obtained by both
treatments is caused by the biofloc
biomass that is formed which can
contribute to nutrients or additional food
for fish in the culture pond (Widanarni et
al., 2008). The formation of biofloc with a
probiotic starter from the swamp bacteria
(Bacillus sp. and Streptomyces sp.) has
been known to improve the nutritional
content of the feed (Widanarni et al.,
2012) and help digestion and increase fish
growth (Antika, 2019; Wijayanti et al.,
2020).

Figure 5.

Table 1 shows the weight gain and
total length of water spinach, respectively
18.21 + 3.50 grams and 29.86 4+ 2.12 cm
with total biomass obtained between 5.5-
6 kg at harvest after 20 days. According to
Sayekti et al. (2018), cultivating water
spinach or vegetable on the media-rich
organic matter will increase the growth of
water spinach plants. The media-rich
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The Biofoc and Biofloqua circular pond.m

organic matter can be from the fish
cultivation waste or organic fertilizer. The
advantages of combined biofloc and
aquaponics technology can reduce high
ammonia in the aquaculture media by
vegetables and the microbes on the root.
The recirculation and absorption of
nutrients can improve the water quality of
aquaculture media (Setijaningsih, 2009).

Wijayanti et al. (2021)
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Ln Water spinach length

4,00
"
3,00 -
[
&
2,00 y = 0,0503x + 2,3891
R2 = 0,9968
1,00
0,00
o 5 10 15 20 25
Time (days)
Figure 6.

system.

The specific growth rates for length
and weight of water spinach were 5.03%
and 14.16% per day, respectively (Figure
6). Catfish pond waste is rich in organic
matter and the role of microbes will help
decompose ammonia into nitrates so that
the growth of water spinach is optimal
(Pitrianingsih et al., 2014). The
availability of organic cultivation waste
and water recirculation greatly affects
plant growth. The vegetable plant can
effectively utilize the nutrients (elements
of carbon and nitrogen) for its growth. It
can reduce the ammonia value to 0.22
mg.1" in 3 weeks of rearing (Perdana et al.,
2015). To optimize the growth of pond
vegetable plants, it is advisable to stock
the seeds for at least 1 week after raising
the fish. It takes control of the flow of
water to the plant roots to keep the supply
of oxygen and water for optimizing the

DOI : 10.20473/jafth.v10i3.23549

Ln water spinach weight
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Regression graph of the total length and weight of water sinach in the Biofloqua

role of the microbial root. Water spinach
plants can generally be harvested 4 -5
times for 3 months of rearing fish. They
can be harvested starting from the
planting age of 18 days (25-28 days from
seedlings in rock wool) (Rahmadhani et
al.,, 2020).

Water Quality and Catfish Survival
Rate

Data on the results of water quality
measurements in biofloc and biofloc-
aquaponics ponds in rearing time are
presented in Table 3. The survival of
catfish in the combined biofloc and
aquaponic ponds received 96% which was
higher than the 92% biofloc pond in the
first month, but 100% of both in the
second month.

Table 3.  Temperature, Dissolved Oxygen, pH value and Survival Rate of Clarias catfish in
rearing time (2 months).

Parameter Biofloc Biofloqua

First Month  Second Month  First Month  Second Month

Temperature®C 30,3-31,5 30,7-31,9 29,5-31,0 30,3-31,3

pH value 6,5-7,0 6,0-7,0 6,5-7,0 6,0-7,0

Dissolved Oxygen (mg.l") 4,5-7,1 5,4-7,2 4,7-7,4 5,8-7,3

Ammonia (mg.I") - - 0,71 0,53

Survival Rate (%) 92 96 100 100

In the first month, the condition of
the biofloc system fish rearing was still
unstable. It is showed that the fish survival
rate less than 100%. They must be
adapted to the system that was formed in
both circular pond systems. In the second
month, the fish condition was more stable.
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Both the biofloc and biofloqua systems
were able to maintain their survival rate
up to 100%. The high survival in biofloc
circulation media that was integrated with
the aquaponic recirculation system can be
caused by the existence of a water quality
maintenance system from plants. They

Wijayanti et al. (2021)



Journal of Aquaculture and Fish Health Vol. 10(3) - September 2021

utilize organic matter from fish excretion
to become nutrients with the help of
microbes attached to plant roots and floc
form in culture media. The water
circulation through plants provides
benefits for fish, because ammonia, nitrite,
and nitrate waste can be utilized by plants
for their growth. The plants reduced waste
contamination, so the water quality can be
optimized for fish rearing (Kurniawan et
al., 2018).

The causes of catfish mortality
during maintenance can be influenced by
changes in temperature during the dry
season which causes stress for fish due to
hot weather and rain usually affects
outdoor ponds with water levels below
one meter (Boyd,1989). The change in
water temperature of the rearing media
always follows the change of weather.
Stress on fish causes fish to be susceptible
to disease. If it lasts for a long time, it will
reduce appetite until the fishes die.
Decreasing pH and dissolved oxygen can
cause decreasing in probiotic's
decomposing organic matter. It could be
the accumulation of feces into ammonia.
The fish can be poisoned with ammonia
(NHs;). Measurement of ammonia during
maintenance after a change of water in the
second week of rearing. The ammonia
concentration value of the biofloc pond
was 0.27 mg.1" and the biofloc aquaponics
pond was 0.20 mg.l'. Both ammonia
values were still classified as safe for
catfish farming activities <0.8 mg.l"
(BBPBAT, 2005).

The water quality data presented in
the table above shows the temperature
range of the biofloc pond from 30.3-
31.9°C and 29.5-31.3°C in the combined
pool of biofloc with aquaponics. Both
ponds had a decrease in temperature as a
result of the change in seasons from dry to
rainy season. The temperature in the
combined biofloc and aquaponics ponds is
lower due to the construction of plant
containers above the rearing ponds. The
temperature obtained in maintenance is
classified as a standard temperature for
catfish cultivation of 22-32°C (BBPBAT,
2005). Dissolved oxygen concentrations
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consistently showed that the combined
consistently showed that the combined
pool of biofloc and aquaponics was higher
with a range of 4.7-7.4 mg.l" in the first
month; 5.8-7.34 mg.l' in the second
month and the biofloc pool 4.5-7.2 mg.1"
in the first month; 5.4-7.2 mg.l-1 in the
second month, according to the dissolved
oxygen requirement of catfish. Boyd
(1997) stated that catfish can get the body
with dissolved oxygen levels of 3 mg.l".
The pH value of the two ponds ranged
from 6.0 to 7.0, indicating a decrease in
pH, presumably due to the accumulation
of organic matter and the effect of rainfall.
Overall water quality in the cultivation of
the biofloc system and the combination of
biofloc and aquaponics shows that there is
an improvement in water quality and an
increase in fish survival in the presence of
floc-forming probiotics (Bacillus sp. and
Streptomyces sp.) which can maintain
water quality and at the same time prevent

pathogenic infections. (Citra, 2019;
Wijayanti et al., 2020).
The regression analysis of fish

survival in the two systems tested, both
Biofloc and Biofloqua. It showed high
survival in the Biofloqua system (Figure
7). The 100% survival for two months of
rearing shows the stable performance of
the fish being reared. The regression
results of the relationship between fish
survival and rearing time (days), namely
y= -2.81ln (x) + 100.21 (RZ = 0.9796).
It means that for the maintenance of
catfish until harvest for 3 months (90
days), the survival rate can be maintained
around 87.57% of the number of fish at
the beginning of stocking Based on the
survival regression equation in the biofloc
system, the 85% viability of survival can
still be supported by this Biofloc system
with a maintenance time of 7.5 months
(224.3 days).

Volume of Floc and Growth of water
spinach

The data of floc volume in rearing
time of catfish are presented at Figure 7.
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Figure 7.

Figure 7 shows the measurement
results of the volume of floc formed at the
end of maintenance, for a 55 mlLl" non-
biofloqua pond, which was higher than the
combined biofloc and aquaponics pond,
which was only 22 ml.1". The floc volume
formation rate in the biofloc system alone
reached 1.1 mll' per day, which was
above the floc formation rate for the 0.42
mlL1" biofloc system per day. This can
be caused by the presence of aquaponic
plants that utilize biofloc-forming
nutrients, both carbon and nitrogen
sources, which are used as nutrients for
plant growth. The decrease in floc volume
occurs due to increased utilization of
waste by plants at the end of rearing time.
Floc volume is influenced by organic
matter and recirculation through plants
which filter fish feces and reduce the
organic matter in the water. The floc
formed in biofloqua pond is lower due to
the absorption of organic matter for plant
growth (Sayekti et al., 2018).

Although the biofloqua fish growth
was not significantly higher than the
biofloc fish growth, the Biofloqua system
(aquaponics of water spinach which was
integrated with biofloc system) became a
new system that could be an alternative to
increase the income of fish farmer by
harvesting vegetables and fish.

CONCLUSION

The combination of biofloc and
aquaponics (Biofloqua system) showed
better growth and survival performance of
catfish. Both Biofloc and Biofloqua
systems were efficient in feed FCR less
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il
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Floc volume in Biofloc and Biofloqua system ponds for rearing time 49 days.

than 1.00. Water spinach can grow by
utilizing aquaculture waste, although it
reduces floc volume, it can be an
additional product in catfish production.
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