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ABSTRACT
This study aims to determine the method of generating water flow inside a round container to
increase the survival and growth of common carp fingerlings. The approach used in this research is an
experimental method which applies a Completely Randomized Design (CRD) and consists of three and
five replications. The treatments used are (A) No Water flow (control), (B) 0.1 m/s of water flow, (C)
Water flow utilizing an additional venturi system. The test fish used were 450 majalaya common carp
of size 3-5 cm. The containers used in this research are in the form of 15 gallons capacity with a diameter
of 27 cm x 36 cm height x bottom diameter of 6 cm containing 19 liters of water. The density of common
carp during the study was 30 carp per treatment container. The treatment period is 40 days. The food
given is 5% of the bodyweight of fish. Water quality parameters (temperature, pH, dissolved oxygen,
ammonia and nitrates) were observed every 10 days for 40 days. Other parameters are survival, daily
growth rate, feed conversion ratio, and feed efficiency observed every 10 days for 40 days. The results
showed that the use of water flows with the venturi system provides the best results - with a life growth
rate of 1.5%, a feed conversion ratio of 3.18, feed efficiency of 31.73% and 75% survival.
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1. INTRODUCTION
Freshwater aquaculture in West Java is one of the sub-sectors that are quite important in
producing fishery products. The largest production of freshwater fish farming in West Java in
2016 was common carp, amounting to 990,442 tons. Hence, common carp (Cyprinus carpio)
is one of the freshwater fisheries commodities that are currently the belle of the fisheries subsector. From the demand side, common carp cultivation has promising prospects, as domestic
demand for common carp is increasing. Indeed, in the last 5 years, as Indonesia's population
growth has reached 1.34% per year, national fish consumption has jumped to more than 1.3
million tons. Increased common carp production can be done through intensive aquaculture
activities.
One obstacle in intensive common carp cultivation, besides the availability of fingerlings,
is water quality. An important factor that needs to be considered in supporting the success of
an aquaculture business is the provision of an environment that is suitable for the fingerling
development so that a high survival rate can be obtained. Poor water quality can reduce the
survival of growth, therefore management efforts need to be done to improve fish survival rate.
One of the environmental factors that can affect the quality is water flow. The movement
of water causes an even distribution of oxygen, supplies feed evenly and carries away metabolic
waste. Moreover, common carp naturally like flowing water because dynamic conditions in
flowing water provide stimulation for fish to move. Intensive fish movement due to the effect
of water flow will increase feed consumption and will influence the growth rate of common
carp. Therefore, it is necessary to conduct environmental engineering research to accelerate the
growth of common carp and increase survival by providing appropriate flow to the media of
round containers.

2. MATERIALS AND METHODS
This research was conducted at the Pelatihan Kerja Lembang research institute from July
2019 to August 2019. The tools used included: 15 gallon containers, buckets, ½ inch PVC pipes,
valves, balls, taps, pumps, scales, thermometers, pH meters, DO meters, spectrometers,
blowers, cameras, calculators and scoop net. The ingredients used are: common carp fingerlings
measuring 3-5 cm obtained from the Lembang Work Training Center (as many as 500
individuals), commercial pellets that contained 35% protein.
The research method used was an experimental method using a Completely Randomized
Design (CRD) consisting of three treatments with five replications, namely the provision of
water flow speed:
Treatment A: without water flow but with aeration
Treatment B: 0.1 m s-1 water flow
Treatment C: 0.1 m s-1 water flow with venturi aeration.
2. 1. Container Design
The common type of container used in fish raising is designed to be able to produce a
constant rotating water flow. The water flow is generated by means of a pump placed in a bucket
and then a pipe is set inside the container to create an inlet. Water flows from the inlet will
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create water flow with the settings of the tap to produce a speed of 0.1 m s-1. The outlet will be
at the bottom of the treatment container and a pipe and tap is installed to regulate water
discharge. Water coming out of the outlet will first enter the bucket and a circulation system is
applied so that the water will be lifted again by the pump to the fish habitat. The treatment using
the venturi system has a modification at the inlet so that the water flow that comes out is in the
form of bubbles. In contrast, the control treatment uses only aeration without water flow. The
design of the treatment container is shown in Figure 1:

Design 1. Aeration

Design 2. Water flow System

Design 3. Venturi System Pipes

Figure 1. Design of treatment containers

The breeding of the test fish was carried out for 40 days with a stocking density of 30
fingerlings per container. Feeding was carried out three times per day at the amount of 5% of
the test fish biomass. Siphon and water quality measurements were carried out once in ten days
to maintain water quality. Observation of common carp growth was done every ten days and
the survival rate was observed every day.
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Observed parameters include;
a. Water quality
The water quality parameters of the treatment media were determined by measuring the
physical parameters (the lowest temperature, the highest temperature and the daily temperature
of the waters), and chemical parameters (pH, ammonia and DO - each of which was measured
with a pH meter, ammonia test kit and DO meter).
b. Survival rate
Survival rate (SR) was calculated to determine the mortality rate of test fish during the
study, survival can be calculated with the formula:
𝑁𝑡

SR = (

𝑁𝑜

) × 100%

Note:
SR
Nt
N0

= Survival Rate
= Number of fish at the end of the study (individual)
= Number of fish at the beginning of the study (individual)

a. Growth
The parameters observed in the aspect of growth are;
- Daily Growth Rate (DGR)
To measure the daily growth rate the following formula is used:
DGT =

(ln 𝑊𝑡−ln Wo)
𝑡

× 100%

Note:
DGT
Wt
Wo
t

= Daily growth rate (%)
= Average weight at the end of the research (g)
= Average weight at the start of the research (g)
= Duration of observation (Day)

- Feed Conversion Ratio
Feed conversion is calculated by the formula:
FCR =

𝐹
(Wt+D)−Wo

Note:
FCR = Feed Conversion Ratio
Wo = Average weight at the start of the research (g)
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Wt
D
F

= Average weight at the end of the research (g)
= Weight of dead fish during treatment (g)
= Amount of feed given (g)

- Feed efficiency
Feed efficiency is calculated with the formula:
FE =

(Wt+D) – Wo
F

× 100%

Note:
FE
Wt
Wo
D
F

= Feed Efficiency (%)
= Average weight at the end of the research (g)
= Average weight at the start of the research (g)
= Weight of dead fish during treatment (g)
= Amount of feed consumed during the research (g)

Data analysis used the F test at a 95% confidence interval to determine whether the
treatment significantly affected survival rates, weight growth rates, feed conversion ratios and
feed efficiency. If the treatment has a significant effect, then a further test was done with the
DUNCAN test. Water quality data were analyzed descriptively.

3. RESULT
Based on the research activities, the following results are obtained:
3. 1. Water Quality
Water as the medium of fish life must qualify the parameters that show that it is suitable
for fish life because water quality can influence the growth of aquatic organisms. The results of
average water quality measurements can be seen in Table 1.
Table 1. Water Quality Measurement Results.
Treatment
Parameter

Source
A

B

C

Temperature (°C)

22,07

23,04

23,32

26-28 °C

pH

7,585

7,11

7,425

6,5-8,5

DO (mg/l)

6,3

5,78

6,64

>5

Ammonia (mg/l)

0,09

0,0325

0,0175

< 0,2
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In general, all aspects of water quality measurement results show that the values are in
the optimum range and are good for common carp growth.
- Temperature
The temperature measurement that was carried out once every ten days during the
treatment period revealed that there was little difference between treatments, and ranged
between 21.1 - 24.5 °C. The results of temperature measurements during the research activity
can be seen in Figure 2.

Temperature (° C)

26,0
25,0
24,0
23,0
Control

22,0
21,0

Water Flow

20,0

Water Flow + Venturi

19,0
18,0
10

20

30

40

Days

Figure 2. The temperature of treatment media
The lowest temperature at night was 16 °C and the highest temperature was from noon to
afternoon at 28 °C. The temperature difference at the Lembang Work Training Center is quite
extreme so that it is not constant. Based on these values, it can be seen that the temperature of
the test result shows a less optimum value for common carp farming. This is following, which
states that the optimal temperature value for common carp cultivation is 26 - 28 °C.
The temperature in the control treatment is lower than the temperature with the water flow
treatment because water flow induces friction force between water and the container so that the
temperature is higher. In the friction phase, which involves rotational speed, the friction force
and friction time will increase the temperature of the surrounding water. Moreover, the
existence of water flow generates an even temperature distribution throughout the water. Thus,
treatments B and C have a higher over all water temperature compared to treatment A as the
control. Little or no growth of carp occurred under 20 °C, and growth increased with increasing
temperature - reaching a maximum point of 30 °C. The optimum temperature (26-28 °C)
increases the metabolic process of the body temperature of the carp and the fish tends to adapt
to the changes in environmental temperature.
Increased temperature will bring about an increase in metabolic rate, respiration and
oxygen consumption level in fish. Therefore, there will be increased growth and increased
metabolic waste in the water.
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- Dissolved Oxygen
According to the test results, the Dissolved Oxygen value was in the range of 5.2 - 7.3
mg L . This value can be said to be sufficient for common carp rearing, where the optimum
value for common carp fingerlings is > 5 mg L-1. A graph of the average DO value every 10
days can be seen in Figure 3.
-1
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5,0
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Water Flow
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Water Flow+ Venturi
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20

30

40
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Figure 3. Dissolved Oxygen on treatment media

In our work, DO values were not significantly different between treatments A and C. In
contrast, in treatment B (water flow), DO is only generated through the diffusion (displacement)
of oxygen through the friction of water flow and free air, hence, treatment B (water flow) has
the lowest average DO. The 0.1 ms-1 water flow indicated in this treatment is very slow and DO
infusion only comes from the inlet and little oxygen is bound.
Treatment C has the highest DO value in the range of 6.2-7.3 mg L-1. This value can be
said to be very good for the growth of common carp fingerlings. The high DO value in the
treatment is obtained through oxygen diffusion by way of the water movement and the presence
of industrial air (bubbles) generated through venturi aeration. High DO can stimulate growth in
fish because a high oxygen supply is needed for a high metabolic rate. In addition, the flow of
oxygen supply will be evenly distributed and there is an exchange of oxygen in the air with
free-water microorganisms. The oxidation process carried out by these organisms reduces
pollutants in water.
- pH
Based on the test results, the pH values were in the range of 7.00 - 7.8. This value can be
said to be suitable for rearing common carp - where the optimum pH value for carp fingerlings
is 6.5-8.5. The graph of the average pH value every 10 days can be seen in Figure 4.
The pH value in the treatment media is very important because it highly influences the
biological and chemical reactions in the water. In chemical reactions, the pH affects the value
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of NH3: the higher the pH, the higher the value of NH3 and the greater the biology reaction to
the living things in the water. Water flow affects the distribution of water quality parameters,
thus the spread of pH is also influenced by water flow.

8,0
7,5

pH

7,0
Control

6,5

Water Flow
6,0

Water Flow + Venturi

5,5
5,0
10

20

30

40

Days

Figure 4. pH value of treatment media

The PH measurements indicated differences between each treatment. Each organization
has a different pH tolerance range, and the pH value can be influenced by temperature, DO and
alkalinity. The pH value in our research ranged from 6.7 to 8 - these values are optimal for
common carp farming. The optimum pH range for fish fingerlings differs slightly at 6.5-8.5.
Aquatic conditions that are very acidic or very alkaline will endanger the survival of fish
because these will cause metabolic and respiratory disorders. What is more, very low pH causes
the mobility of various heavy metal compounds such as toxic aluminum ions. In contrast, high
pH will cause an imbalance between ammonium and ammonia in the water.
- Ammonia
Based on the measurement results, the ammonia value is within the range of 0.015 - 0.15.
This value can be said to be sufficient for raising carp where the optimum ammonia value for
fish is <0.2. The graph of the average ammonia value every 10 days in the breeding of carp
seeds can be seen in Figure 5.
In the work, the ammonia value in treatment A (control) had the highest average of 0.1
mg/l during the treatment period, whereas treatment B (water flow) and treatment C (water flow
+ venturi) in using a recirculation system and filters, induced an average ammonia value that is
smaller than the control treatment, respectively, 0.033 mg/l and 0.018 mg/l. Moreover,
treatment C (water flow + venturi) has a smaller value compared to treatment B (water flow) as
the use of venturi improved water quality. Hence, the use of a venturi enhanced dissolved
oxygen levels and reduced ammonia levels. Herein, dissolved oxygen produced by venturi is in
the form of macro bubbles.

-139-

World Scientific News 141 (2020) 132-144

The water flow treatment used a recirculation system or water circulation that caused
water flow to occur. Here, the metabolic waste and feed that is not eaten is carried through the
outlet and settles in the container. Fish emit 80-90% ammonia (N-inorganic) through the
osmoregulation process, while feces and urine contain around 10-20% of total nitrogen. The
results of the accumulation of leftover food and metabolic waste are deposited in a waste
container in which there are microbial decomposers that are active at low DO so that the
ammonia content in the treatment container stays low. Waste containers and filters in the water
flow treatment can be seen in Figure 6.

Ammonia (mg/l)
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0,12

Control

0,09

Water Flow
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Water Flow + Venturi

0,03
0,00
10

20

30

40

Days

Figure 5. Ammonia value in the treatment media

Figure 6. Waste Container and Filters
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Ammonia levels affect the rate of growth because ammonia compounds can poison it.
Ammonia value in water is considered a benchmark of water quality, because ammonia
concentration > 0.2 mg/1 can significantly reduce growth rate, fecundity, disease resistance,
increase gill ventilation, metabolic rate, and irregular and rapid movement until it leads to death.
3. 2. Survival
The average survival rate during the study was 70-79%. The survival rate during the
study can be seen in Figure 7.

90%

79%± 2%b

85%

75%±2%b

Presentase

80%

70%± 2%a

75%
70%
65%
60%
55%
50%
45%
40%
A

B

C

Treatment

Figure 7. Survival rates of the test fish

The survival rate of common carp in Lembang Vocational Training Centers is generally
less than 80%, and in the Lembang Work Training Center this is decidedly below average. This
happens because of the quality of the water (treated grey water sourced from residential areas)
and because the climatic temperature induces the fish to move passively.
The survival rate of common carp in the control container was 79%. As for the water flow
treatment, the survival rate was 70%, due to the DO being too low, but the flow rate being too
high. Thus, some fish could not adapt to the over all changes that occurred. Treatment C has a
75% survival rate, and is not significantly different from control treatment. Therefore, the use
of venturi apparatus can maintain the survival rate, as the use of venturi provides more dissolved
oxygen.
Survival rates in treatments A and B are significantly different, as are that between
treatments B and C. The differences between A and C are not significant. Hence, water flow
can reduce the survival rate, but the use of venturi can help to increase it. Treatment C was not
significantly different from treatment A so the use of a venturi in the water flow system
maintained the survival rate of common carp in situations of water flow.
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3. 3. Growth
- Daily Growth Rate
The results showed the daily growth rate of common carp is in the range of 0.88 - 1.50%.
The daily growth rate of common carp can be seen in Figure 8.

Feed Convertion Ratio
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6,22±0.27a

6,00
3,99 ± 0.51b

5,00

3,18 ± 0.35b
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3,00
2,00
1,00
0,00
A

B

C
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Figure 8. Feed Conversion Ratio Graphic

The highest daily weight growth rate is in treatment C with water flow and a venturi
system (1.5%), followed by treatment B (water flow alone) (1.34%) and treatment A (no water
flow but aeration) (0.88%). The water flow provided will stimulate the fish to move and the
active fish will experience faster muscle growth compared to the more passive fish of treatment
A.
The results show that treatment A is significantly different from treatment B and treatment
A is significantly different from treatment C, but treatment B is not significantly different from
treatment C. From these results it is found that water flow treatment makes a significant
difference to the daily growth rate, but the venturi system here does not generate any real
difference to water flow alone. This is thought to be related to the value of feed efficiency in
the water flow treatment (Figure 9). This is higher compared to the control treatment. The
higher the feed efficiency value, the better the feed utilization for growth.
Growth differences between water flow and non-water flow treatments in this research
are due to various factors. These include metabolism, metabolism energy utilization, growth
hormone and mitosis. Water flows provide a boost to fish movement, as fish move continuously
causing its metabolism to increase so that the feed will be converted to energy metabolism that
will increase the daily growth of the fish.
- Feed Conversion Ratio
The following graph is the Feed Conversion Ratio on the control, water flow and
venturi system treatments during the study:
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The use of feed can be ascertained by calculating the feed conversion ratio (FCR) by
comparing the amount of feed given, to the amount of weight gain by fish. The control treatment
shows the conversion of feed to be 6.22, where out of 6.22 grams of feed, only 1 gram of fish
weight was produced. For treatment B and C, the use of water flow gives a feed conversion that
is twice as much as the control treatment, namely 3.99 and 3.18 grams of feed consumed to
generate 1gram of fish weight (respectively). According to Duncan's test, with regard to A, B
and C treatment regimes, there is a noticeable difference between treatments A and B and C,
but there is no significant difference between treatments B and C.
Factors that influence the amount of consumption in fish are feeding habits, physiological
status, fish weight, temperature, oxygen concentration, feed composition and level of
preference. This study shows a change of feeding habit occurred in the treatment container that
came in the form of water flow generating a lower FCR ratio in treatments B and C. The use of
water flow caused even feeding in each column of water so that the fish were even in growth
compared to that in the container without water flow. The use of water flow can supply feed
evenly so that the spread of feed is not collected at one point so there is no competition between
fish.

4. CONCLUSIONS
It can be concluded through the results of this research that the use of round containers
with a flow of 0.1 m/s along with venturi aeration can produce the highest daily growth rate (of
1.5% conversion) and the best feed efficiency, while maintain adequate survival (at 75%).
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