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ABSTRAK 

Fine bubbles (FBs) merupakan teknologi baru dalam sistem akuaponik yang diharapkan 
mampu meningkatkan produksi ikan dan tanaman. Penelitian ini bertujuan untuk menentukan 
pemberian tekanan fine bubbles (FBs) yang dapat meningkatkan kualitas air dan produktivitas 
kangkung dalam sistem akuaponik. Penelitian dilaksanakan pada bulan Januari – Maret 2022 di 
Green House Ciparanje Fakultas Perikanan dan Ilmu Kelautan Universitas Padjadjaran, 
Jatinangor. Penelitian ini menggunakan metode eksperimental Rancangan Acak Lengkap (RAL) 
dengan empat perlakuan dan tiga ulangan. Perlakuan yang digunakan adalah pemberian 
tekanan FBs masing-masing 0 atm (A), 5,25 atm (B), 5,5 atm (C), 5,75 atm (D). Parameter 
kualitas air yang diukur terdiri atas parameter fisika (suhu) dan kimia (oksigen terlarut, pH, 
amonia, dan nitrat). Hasil penelitian menunjukkan pemberian tekanan FBs 5,75 atm 
menghasilkan suhu berkisar 24,4℃ - 26,5℃, kandungan oksigen terlarut sebesar 7,83 mgL−1, 
pH 6,98 – 8,07, konsentrasi amonia 0,002 mg L-1, yang berpengaruh pada pertumbuhan ikan 
yang baik serta konsentrasi nitrat 0,316 mg L-1 yang berpengaruh pada produktivitas tanaman 
yang lebih tinggi, menghasilkan pertumbuhan tinggi tanaman 128,83 cm, bobot tanaman 
140,60 g, dan jumlah daun 284 helai. 

Kata kunci: akuaponik, fine bubbles, kangkung, kualitas air 

 

ABSTRACT 

The fine bubbles (FBs) is a new technology in aquaponic system that is expected to improve 
the fish and plant productivity. This study aimed to determine the application of fine bubbles 
pressure in improving water quality and water spinach in an aquaponic system. The research 
was conducted from January to March 2022 at Ciparanje Green House, Faculty of Fisheries and 
Marine Sciences, Universitas Padjadjaran, Jatinangor. This study used an experimental method 
of Completely Randomized Design (CRD) with four treatments and three replications. The 
treatments used were FBs pressure of 0 atm (A), 5.25 atm (B), 5.5 atm (C), 5.75 atm (D). The 
water quality parameters measured consisted of physical (temperature) and chemical 
(dissolved oxygen, pH, ammonia, and nitrate) parameters. The results showed that 
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the pressure of FBs 5.75 atm generated temperatures ranging from 24.4oC - 26.5 oC, dissolved 
oxygen content of 7.83 mg L-1, pH 6.98 – 8.07, ammonia concentration 0.002 mg L-1 which 
affected on good fish growth and nitrate concentration 0.316 mg L-1 which affected higher 
plant productivity, resulting plant height of 128.83 cm, a plant weight of 140.60 g, and the 
number of leaves of 284 leaves. 

Keywords: aquaponics, fine bubbles, water spinach, water quality 

INTRODUCTION 

 

Aquaculture activities can initiate 

ammonia and organic matter waste 

accumulation originating from feed excess 

and fish feces in water resulting in water 

quality decrease. One solution that can be 

taken to solve this problem is by applying 

aquaponics technology. In the aquaponic 

process, plants utilize nutrients derived 

from leftover feed and fish feces. The 

remaining feed manure and fish urine 

contain nutrients can be used as fertilizer 

for plants in the hydroponic subsystem 

(Sumiarsih, 2021). Plants in the aquaponic 

system can reduce ammonia by absorbing 

aquaculture waste water using plant roots, 

hence that the absorbed ammonia 

undergoes an oxidation process. With the 

help of oxygen and bacteria, ammonia is 

converted into nitrate which is then 

utilized by plants as a source of nutrition 

(Badiola et al., 2012).  

Water spinach (Ipomea reptans) is a 

plant that can be grown in aquaponic 

cultivation employing simple planting 

systems and media. Water spinach plants 

in the aquaponic system can reduce 

ammonia by absorbing aquaculture waste 

water using plant roots, thus the absorbed 

ammonia undergoes an oxidation process 

(Zahidah et al., 2018). 

Physical and chemical factors are 

essential to be considered in maintaining 

aquaponic system water quality, one of 

which is oxygen (Arthanawa et al., 2021). 

Aquaponic activitiy is capable to affect the 

decrease in water oxygen levels, thus the 

aquaponic system requiries a supplier of 

micro-sized air bubbles that can maximize 

gas exchange (FAO, 2014), that have a 

large surface area, to maximize gas 

exchange process and release oxygen into 

the water better than ordinary bubbles 

(Silaban et al., 2012). 

Fine Bubbles (FBs) technology is a 

renewable technology that can be 

implemented in aquaponic activities since 

it is capable to increase fish productivity 

and the aquaponic system efficiency. FBs 

produce 150-200 nm bubbles to provide 

dissolved oxygen for an extensive period 

and under stable conditions (Andinet et al., 

2016). The FBs aeration system can 

significantly increase the activity of 

Ammonia Oxidizing Bacteria (AOB) and 

Nitrite Oxidizing Bacteria (NOB) to 

accelerate biological activity in waters. 

Optimal aeration system is essential as it 

affects the comet fish fry growth 

performance in aquaponics system. The 

purpose of this study was to determine the 

water quality and water spinach 

productivity by employing fine bubbles 

(FBs) technology with various pressures in 

an aquaponic system. 

 

MATERIAL AND METHOD 

 

The aquaponic research was carried out 

from January to March 2022 at the 

Ciparanje Green House, Faculty of Fisheries 
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and Marine Sciences, Universitas 

Padjadjaran, Jatinangor. The water quality 

analysis were done at the Laboratory of 

Aquatic Resources, Faculty of Fisheries and 

Marine Sciences, Universitas Padjadjaran. 

As much as 1200 comet fish fry were used 

as test sample’s fish in this study 

measuring 8-11 cm originated from fish 

farmers in Tanjungsari, Sumedang. This 

study employed a completely randomized 

design (CRD) with four treatments and 

repeated three times. The treatment 

applied was the application of FBs pressure 

in fish rearing tanks, consisted of: 

A: Control (without FBs pressure) 

B: FBs with a pressure of 5.25 atm 

C: FBs with a pressure of 5.5 atm 

D: FBs with a pressure of 5.75 atm 

 

Fish Acclimatization 

Comet fish seed were first acclimatized 

in a fiber tank for seven days prior initiating 

the study. Fish acclimatization was carried 

out to provide fish adequate time in 

adapting with the new environment and 

well acclimated when the experiment is 

performed. The stocking density of fish in 

each rearing tank was 100 fish. Feeding 

was given three times a day using the ad-

satiation method, specifically feeding the 

fish until they were full at 07 AM, 11 AM 

and 04 PM. 

 

Aquaponic Installation Preparation 

Recirculation system was installed with 

separate fish and plant containers and 

assembled of multilevel iron shelves. The 

water in the fish rearing tanks was 

channeled into the plant containers using a 

4-inch PVC pipe. The water from the water 

spinach outlet emerged from the 4-inch 

PVC pipe and enters the FBs container. The 

water that had been pumped from the FBs 

generator was returned to the fish rearing 

tank by a 0.5-inch PVC pipe. 

 

Seeding Water Spinach Seeds 

The seeding process was carried out by 

planting water spinach seeds in containers 

with rice husk charcoal as media. Water 

spinach was sown for 10 days before being 

planted in aquaponic media. 

 

Data Analysis 

Water quality parameters measured 

included: dissolved oxygen (mg L-1), 

ammonia, and nitrate (mg L-1). Water 

samples for water quality analysis 

originated from: water in rearing tanks, 

water spinach outlets from each rearing 

tank, as well as water in pump containers 

and FBs that passed biofiltration for each 

treatment. However, specifically for the 

dissolved oxygen concentration parameter, 

the sample was taken from the outlet of 

the FBs hose, except without FBs (pump) 

the sample water was obtained from the 

pump container. Parameters used in 

measuring water quality are listed in Table 

1. 

        

  Table 1. Methods and measurement period of observation parameters 

Parameters Unit Method Measurement Period 

Dissolved oxygen (mg L-1) DO Meter Every week 

Ammonia (mg L-1) Spectrophotometer Every week 

Nitrate (mg L-1) Spectrophotometer Every week 
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Observation of plant growth was carried 

out by means of sampling every seven 

days. The number of plants observed was 

seven plants in each treatment. Plant 

growth was measured by measuring the 

height using a ruler and counting the 

increase in the number of leaves. 

Measurement of plant growth was carried 

out at the beginning of the study, namely 

when the plant seeds were transferred to 

the plant growth medium until 4 weeks. 

Observation of plant height gained can be 

measured employing the formula (Ogunji 

et al., 2008) as follows: 

 

Plant Height = Final Height – Initial Height 

 

Observation of plant weight improvement 

can be measured with the formula (Ogunji 

et al., 2008): 

 

Plant Weight = Final Weight – Initial Weight 

 

Observation of the increase in the number 

of leaves can be measured by the formula 

(Ogunji et al., 2008): 

Number of Leaves = Number of Final 

Leaves - Number of Initial Leaves 

 

The effect of treatment on water quality 

(DO, ammonia, and nitrate) was analyzed 

descriptively and presented in tables and 

graphs with range values and subsequently 

compared with the Indonesian National 

Standard (SNI) and government regulation 

(PP RI No. 82/2001 Class III). The effect of 

the treatment given to the height and 

weight growth, also number of leaves of 

the water spinach was analyzed using 

variance with the F-test at 95% confidence 

level. If there was a significant difference 

between the treatments, then the test was 

resumed with Duncan's multiple range test 

with 95% confidence level. 

 

 

RESULT AND DISCUSSION 

Dissolved Oxygen 

The results of dissolved oxygen 

measurements showed that the dissolved 

oxygen value in the fish-rearing container 

(Figure 1a) ranged from 6.96 – 7.96 mg L-1, 

at the water spinach outlet (Figure 1b) 

ranged from 6.77 – 7.71 mg L-1 and at 

pump containers and FBs (Figure 1c) 

ranged from 7.13 – 7.94 mg L-1. Changes in 

dissolved oxygen values during research 

can be seen in Figure 1. 
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(a) 

(b) 

(c) 

Figure 1. Changes in dissolved oxygen (DO) value during research. Rearing containers fish (a), 
water spinach outlet (b), and pump containers and FBs (c)) 
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Figure 1a showed that the dissolved 

oxygen value in the comet seed rearing 

container exhibited a decrease in the 

fourth week in treatments A, B, and C. The 

highest average dissolved oxygen value in 

the comet seed rearing container was in 

treatment D which was 7.83 mg L-1 and the 

lowest value was found in treatment A of 

6.96 mg L−1, then increased gradually in 

treatment B of 7.63 mg L-1 and treatment C 

of 7.73 mg L-1. The treatment using the FBs 

application had a higher average dissolved 

oxygen value compared to the treatment 

without FBs (control). Figure 1c displayed 

that the average value of dissolved oxygen 

is higher in the FBs container with 

treatment D (pressure 5.75 atm) which is 

equal to 7.83 mg L−1. 

 

Ammonia (NH3) 

The measurement results during the 

study showed that the ammonia 

concentration values in the fish rearing 

tanks (Figure 2a) ranged from 0.001 – 

0.023 mg L-1, at the water spinach outlet 

(Figure 2b) ranged from 0.002 – 0.019 mg 

L-1, as well as in the pump containers and 

FBs (Figure 2c) ranged from 0.001 – 0.021 

mg L-1. The concentration of ammonia in 

the fish rearing tanks decreased until the 

fourth week compared to the ammonia 

concentrations at the water spinach outlet 

as well as pump containers and FBs which 

fluctuated. The value of ammonia 

concentration with the highest average 

was found in comet seed rearing media in 

treatment A, which was 0.023 mg L−1, and 

the lowest value was in treatment D of 

0.002 mg L−1, then slightly increased in 

treatment B of 0.016 mg L-1 and treatment 

C of 0.013 mg L-1. Changes in ammonia 

concentration during the study can be seen 

in Figure 2. 

Figure 2c showed that treatment D 

ammonia concentration value at the water 

spinach outlet increased in the second 

week, this was in accordance with 

treatment D pH value which also increased 

in the second week. According to Norberg-

King et al. (2005) the concentration of un-

ionized ammonia (NH3) in water increases 

along with the rising in pH values. The 

lowest ammonia concentration value was 

showed in treatment D (FBs pressure 5.75) 

at the end of the observation, which was 

0.002 mg L-1. The high dissolved oxygen in 

the FBs container could be utilized by 

nitrifying bacteria in oxidizing ammonia, 

thus the ammonia value was lower 

compared to the container without FBs 

(control). 
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(a) 

 

(b) 

 

(c) 

Figure 2. Changes in ammonia concentration (NH3) during Research. Fish rearing containers (a), 
water spinach outlets (b), and pump containers and FBs (c)). 
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Nitrates (NO3) 

The results of measurements of nitrate 

concentrations showed that the values for 

fish rearing media (Figure 3a) ranged from 

0.331 – 0.652 mg L-1, at the water spinach 

outlet (Figure 3b) the values ranged from 

0.316 – 0.576 mg L-1 and at the pump 

container and FBs (Figure 3c) ranged from 

0.301 – 0.584 mg L-1. Concentrations 

measured in fish rearing containers, water 

spinach outlets as well as pump media and 

FBs fluctuated until the fourth week. 

Changes in nitrate concentrations during 

the study can be seen in Figure 3. 

 

 

(a) 

 

(b) 
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(c) 

Figure 3. Changes in nitrate concentration (NO3) during research on containers. Fish rearing 
containers (a), water spinach outlet (b), pump container and FBs (c). 

 

Based on Figure 3a, treatment D (FBs 

pressure 5.75 atm) exhibited the lowest 

nitrate concentration during the second to 

fourth week observation. This indicated 

that nitrate was well absorbed by the roots 

of water spinach, and this absorption was 

further increased if water spinach had 

dense roots with high oxygen utilization for 

root growth and respiration. Plant roots 

are also an additional site for nitrifying 

bacteria in reducing ammonia and 

producing nitrate which is a nutrient for 

plants. 

The nitrate concentration at the outlet 

of the water spinach tended to increase in 

the first week to the third week in 

treatments A, B and C, except for 

treatment D which decreased in the 

second to fourth weeks. Figure 3c shows 

the lowest concentration of nitrate in 

treatment D in the first to fourth weeks. 

Denitrifying bacteria used dissolved oxygen 

to reduce nitrate in waters.  

 

Plant Growth 

The results of Duncan's Multiple Test 

analysis for height, weight, and number of 

leaves parameters of water spinach can be 

seen in Table 2. The results of Duncan's 

Multiple Test at the 95% confidence level 

showed that growth in height, weight, and 

number of leaves in each parameter of 

treatment A was significantly different with 

treatments B, C, and D.  The highest plant 

growth was found in treatment D with the 

weight, height and number of plants leaves 

on each parameter of 140.60 g, 128.83 cm 

and 284 leaves respectively. The growth 

chart of water spinach can be seen in 

Figure 4. 
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Table 2. Growth of water spinach various FBs pressures at week 5 

Treatment 
Plant Growth  

Weight (g) Height (cm) Number of Leaves 

A (Control) 79.66 ± 2.34 a   108.77 ± 2.22 a 51 ± 3.77 a 

B (5.25 atm)  124.31 ± 0.78 b 114.97 ± 3.12 b 146 ± 1.83 b 

C (5.5 atm) 128.48 ± 1.14 b  119.63 ± 1.57 c        188 ± 7.00 c 

D (5.75 atm)  140.60 ± 6.57 c 128.83 ± 1.90 c 284 ± 6.93 d 

 

 

 

Figure 4. Plant height growth during the study. 

 

Based on the analysis, dissolved oxygen 

in the comet seed rearing containers 

decreased at the fourth week in 

treatments A, B, and C. This was due to the 

fish seeds growth which still possessed 

active tissues in their metabolic processes, 

thus they required more oxygen 

consumption, along with an increase in fish 

body weight during the fish seed rearing 

period (Sataloff et al., 2001). Changes in 

dissolved oxygen values also occured due 

to the utilization of dissolved oxygen by 

aquatic plants (Roy, 2021). Dissolved 

oxygen concentration was still in an 

appropriate range for the water spinach 

growth. According to FAO (2014) aquatic 

plants require high levels of DO > 3 mg L−1 

in water and plant roots require oxygen. 

Without oxygen, plant roots can 

deteriorate and die and grow fungus. Plant 

roots function as a growing medium for 

nitrifying bacteria which also require 

dissolved oxygen to oxidize ammonia 

(Wahyuningsih, 2015). 

The treatment using the FBs application 

exhibited a higher average dissolved 

oxygen value compared to the treatment 

without FBs (control). Figure 1c shows that 

the average value of dissolved oxygen was 

higher in the FBs container with treatment 
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D (pressure 5.75 atm) which was equal to 

7.83 mg L-1. 

Nitrate concentration in comet seed 

rearing containers increased from the first 

week to the second week. This could 

happen due to the increased activity of 

NOB bacteria (Nitrite Oxidizing Bacteria) in 

oxidizing nitrite. Nitrates in water have 

lower toxicity to fish compared to nitrites 

and ammonia. Nitrogen waste is toxic 

towards fish at certain concentrations. 

However, ammonia is about 100 times 

more toxic than nitrate (Wahyuningsih et 

al., 2020). According to Scabra et al. (2021), 

plants in the aquaponic system take part in 

absorbing the most nitrate and in addition 

less ammonia and nitrite from aquaculture 

waste. Nitrate as a nutrient for plants is 

absorbed through plant roots, nevertheless 

nitrate concentrations that exceed the limit 

can be toxic to plants (Meegoda, 2018). 

The use of FBs can generate more 

oxygen bubbles and a very small bubble’s 

size compared to ordinary aeration 

(Serizawa, 2017). FBs in an aquaponic 

system can increase the concentration of 

dissolved oxygen in water which is useful 

for plant roots respiration and ammonia 

oxidation by nitrifying bacteria in plant 

roots to produce nitrate which is an 

essential nutrient for plant growth 

(Zahidah et al., 2018). High plant roots 

growth can be beneficial as a location to 

live and develop nitrifying bacteria, where 

plant roots with suitable oxygen availability 

will assist respiration and absorption of 

phosphorus, nitrate and potassium ions. 

Nitrate also facilitate enzyme’s function 

activities that take part in photosynthesis 

and plant respiration. Plant roots perform 

aerobic respiration, an important process 

of releasing energy required for root and 

plant growth which has an important 

function in burning carbohydrates in food 

into energy (Endut et al., 2016). 

 

CONCLUSION 

 

Applying FBs pressure of 5.75 was the 

best treatment which produced 

temperatures ranging from 24.4℃ - 26.5℃, 

dissolved oxygen content of 7.83 mg L-1, pH 

6.98 – 8.07, ammonia concentration of 

0.002 mg L-1, which exhibited an effect on 

appropriate fish growth and a nitrate 

concentration of 0.316 mg L-1 which 

showed an effect on higher plant 

productivity which resulted in a height 

growth of 128.83 cm water spinach plants, 

a weight growth of 140.60 g, and number 

of leaves growth of 284 leaves. 
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