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ABSTRACT 

The aquaponics system is an alternative solution that can utilize waste from cultivation while 

saving land and water use. One common obstacle in tilapia and catfish cultivation is the use of 

artificial feed which is quite expensive from an economic point of view and produces large 

amounts of waste, which can degrade water quality. This study aims to compare water quality 

in tilapia and catfish cultivation in an aquaponics system using maggot-based feed. The study 

was conducted from March to May 2025 in Mandalle Village, Mandalle District, Pangkep 

Regency, and at the Pangkep State Agricultural Polytechnic Laboratory for measuring several 

water quality parameters. The study was designed on a field laboratory scale with two 

treatments: tilapia (A) and catfish (B), each replicated three times. Data were analyzed using 

an independent t-test with a 95% confidence level. The results showed that NH3 levels at the 

beginning of treatment A: 0.003 mg/L and B: 0.002 mg/L, in the middle A: 0.124 mg/L and B: 

0.102 mg/L, and at the end of treatment A: 0.065 mg/L. Meanwhile, the NO3 levels at the 

beginning of treatment were A and B: 0.001 mg/L, mid A: 0.080 mg/L and B: 0.044 mg/L, and 
end A: 0.051 mg/L and B: 0.044 mg/L. For PO4, the results were initial A and B: 0.002 mg/L, 

mid A: 0.048 mg/L and B: 0.015 mg/L, and end A: 0.051 mg/L and B: 0.022 mg/L. Aquaponic 

system with maggot feed provides a significant difference in phosphate levels, but does not 

show a significant difference in ammonia and nitrate levels. 
 

Keywords: Aquaponic, Water Quality, Catfish, Tilapia 

 

ABSTRAK  

Sistem akuaponik menjadi salah satu solusi alternatif yang mampu memanfaatkan limbah hasil 

budidaya sekaligus menghemat penggunaan lahan dan air. Salah satu kendala umum dalam 

budidaya ikan nila dan ikan lele adalah penggunaan pakan buatan yang cukup mahal dari segi 
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ekonomi dan menghasilkan limbah dalam jumlah besar yang dapat menurunkan kualitas air. 

Penelitian ini bertujuan untuk membandingkan kualitas air pada budidaya ikan nila dan ikan 

lele dalam sistem akuaponik yang menggunakan pakan berbasis maggot. Penelitian 

dilaksanakan dari bulan Maret hingga Mei 2025 di Desa Mandalle, Kecamatan Mandalle, 

Kabupaten Pangkep, serta di Laboratorium Politeknik Pertanian Negeri Pangkep untuk 

pengukuran beberapa parameter kualitas air. Penelitian dirancang dalam skala laboratorium 

lapang dengan perlakuan ikan nila (A) dan ikan lele (B), masing-masing diulang sebanyak tiga 

kali. Data dianalisis menggunakan uji t independen dengan tingkat kepercayaan 95%. Hasil 

penelitian menunjukkan bahwa kadar NH₃ pada awal perlakuan adalah A: 0,003 mg/L dan B: 

0,002 mg/L, pada pertengahan A: 0,124 mg/L dan B: 0,102 mg/L, serta pada akhir perlakuan 

A: 0,065 mg/L. Sementara itu, kadar NO₃ pada awal perlakuan adalah A dan B: 0,001 mg/L, 

pertengahan A: 0,080 mg/L dan B: 0,044 mg/L, serta akhir A: 0,051 mg/L dan B: 0,044 mg/L. 

Untuk PO₄, hasilnya adalah awal A dan B: 0,002 mg/L, pertengahan A: 0,048 mg/L dan B: 

0,015 mg/L, serta akhir A: 0,051 mg/L dan B: 0,022 mg/L. Penggunaan sistem akuaponik 

dengan pakan maggot memberikan perbedaan yang signifikan terhadap kadar posfat, namun 

tidak menunjukkan perbedaan nyata terhadap kadar amonia dan nitrat. 
 

Kata Kunci: Akuaponik, Kualitas Air, Ikan Lele, Ikan Nila 

 

INTRODUCTION 

The agriculture and aquaculture sectors, including fisheries, play a vital role in human 

food production, increasing incomes, and creating jobs. Therefore, many communities have 

cultivated fish since ancient times. Commonly farmed freshwater fish include tilapia and 

catfish, using a monoculture system. Monoculture is a system that focuses on only one 

commodity in a single pond. However, over time, it produces waste that negatively impacts 

water quality (Jones et al., 2015). 

The impact of waste from feed poses a challenge to sustainable aquaculture. While 

artificial feed contributes to increased production, it is a source of waste, particularly in 

monoculture systems (Boyd et al., 2020). Tilapia can only assimilate approximately 38% of 

the nitrogen (N) and 31% of the phosphorus (P) from the feed they consume, with the remainder 

being wasted (Sri-uam et al., 2016). In tilapia farming, waste from feed and feces ranges from 

15% to 20%. Meanwhile, liquid waste from catfish farming contains nutrients in the form of 

1.32% nitrogen, 2.64% phosphorus, 0.35% potassium, and 0.63% organic carbon (C-organic) 

(Andriyeni et al., 2017). Artificial feed (pellets) is relatively expensive, accounting for more 

than 50% of total production costs, which can reduce profits (Sanchez-Muros et al., 2020). 

Artificial feed commonly used in fish farming is not only relatively expensive but also 

ineffective in accelerating fish growth. Therefore, more affordable feed that can support fish 

growth efficiently is needed. 

Hermetia illucens larvae, also known as Black Soldier Fly (BSF), are a high-protein feed 

source. Their abundant nutritional content and ease of cultivation make maggots a promising 

alternative to expensive fish meal. Based on proximate analysis, fresh maggots have the highest 

crude protein content at 33.6%, followed by dried maggots at 31.2%, and supplemented 

maggots at 14.9% (Heriansah et al., 2024). Furthermore, maggots also contain various amino 

acids, fatty acids, and minerals essential for fish growth (Devic et al., 2018). However, uneaten 

maggot feed remains and can contribute to water quality degradation. 

Water quality is a crucial aspect in developing aquaculture activities, so evaluating water 

quality parameters is essential. Several factors influence freshwater quality, including 

temperature, pH (acidity level), dissolved oxygen, ammonia, and nitrate (Marlina & 

Rakhmawati, 2016). Poor water quality can have serious impacts on fish health and survival, 
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particularly due to waste from uneaten feed. Therefore, implementing an appropriate 

aquaculture system to manage this is essential (Dauda et al., 2019). 

Aquaponics is an alternative solution for aquaculture, enabling efficient waste utilization 

and saving land and water. Furthermore, this system offers the added benefit of yields from 

simultaneously cultivated plants (Marlina & Rakhmawati, 2016). In an aquaponic system, 

organic waste from fish is broken down by nitrifying bacteria, which then convert ammonia 

into nitrate, a compound that can be used as a nutrient source for plants. 

Research on water quality in aquaponic systems shows that plants act as biological filters, 

directly absorbing nutrients from fish waste to support their growth. This process produces 

filtered, cleaner water, thus supporting fish survival. One problem faced by fish farmers is the 

use of artificial feed, which is relatively expensive and produces a lot of waste that can degrade 

water quality in aquaculture. Therefore, research was conducted on a maggot-based aquaponic 

system. In addition to being an alternative natural feed and being affordable, maggots also have 

the potential to reduce feed waste. The purpose of this study was to compare the water quality 

of tilapia and catfish in a maggot-based aquaponic system. 

 

RESEARCH METHODS 

The research was conducted from March to May 2025 in Mandalle Village, Mandalle 

District, Pangkep Regency, South Sulawesi Province. Several water quality parameters were 

measured at the Pangkep State Agricultural Polytechnic Laboratory. 

 

Research Design  

The study was designed on a field laboratory scale using two treatments, each replicated 

three times. The treatments in this study were two fish species: the nia (Oreochromis niloticus) 

and the catfish (Clarias sp.), reared in an aquaponic system. Both types of freshwater fish have 

favorable biological and economic attributes, particularly high consumer preference and the 

ability to utilize maggots as food (Heriansah et al., 2024; Setiawan et al., 2021).  

 

Procedure 

The research stages carried out are as follows: 

a. Preparation of construction of a container for maintaining the aquaponic system  

The aquaponics system for each treatment used seven 3-inch PVC pipes, each with nine 

planting holes. This resulted in a total of 63 aquaponics holes for each pond. Six additional 

holes were made on the sides of the center pipe, or at the left and right ends, to serve as water 

circulation channels into the pond. Furthermore, each planting hole was lined with flannel to 

maintain plant moisture and filter the water entering the pond. 

 

b. Plant preparation  

The plant used in this aquaponics system research is mustard greens (Brassica rapa L.). 

The first step is sowing, which involves cutting rockwool and placing it on a tray. After that, 

the rockwool is watered, and then a small hole is made in each piece of rockwool to plant the 

mustard greens. The rockwool is watered daily until the seeds germinate. Next, the mustard 

greens, which have grown several perfect leaves, are transferred into netpots provided in the 

aquaponics pipe holes. 

 

c. Preparation of containers and cultivation water media  

The fish farming system consists of six concrete pools, three each for tilapia and catfish. 

Each pool measures 2 m x 3 m x 1.5 m. The water used for the fish farming is freshwater with 

a water level of 80 cm. Water quality parameters are adjusted to the optimal range for tilapia 

and catfish farming. 
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d. Preparation of maggot feed  

The maggots used are obtained from the Makassar Organic Macca Maggot Farm in the 

form of eggs and larvae. The eggs and larvae are then placed in separate rearing containers. 

The eggs hatch into larvae after 2-4 days and are then fed with fine bran. After 3-5 days, the 

larvae begin to grow and are transferred to several containers containing organic waste (rotten 

food and cow dung). Harvesting is carried out once the maggots have reached the desired size. 

The maggots are then dried in the sun for 3-7 days and fed to the fish. 

 

e. Preparation of test animals  

The test animals used in this study were tilapia (Oreochromis niloticus) obtained from 

the Citta Fish Seed Center (BBI), Soppeng Regency with a size of 7-9 cm. Meanwhile, catfish 

were obtained from cultivators in Paccerakkang, Makassar City with a size of 8-9 cm and 

catfish (Clarias sp.) Before being released, the test animals were adapted for 7 days in the 

holding pond. 

 

f. Fish and plant maintenance  

Tilapia and catfish were reared at a stocking density of 300 and 80 fish, respectively, for 

90 days. Feeding was carried out three times daily (5% of biomass), at 7:00 a.m., 12:00 p.m., 

and 5:00 p.m. WITA to ensure the nutritional needs of the fish and plants were met throughout 

the rearing period. The mustard greens were reared for two cycles of 45 days each. 

Furthermore, water quality parameters were routinely measured to monitor the dynamics of 

water quality parameters during rearing. 

 

g. Data collection 

The water quality parameters analyzed in this study included ammonia (NH₃), nitrate 

(NO₃), and phosphate (PO₄). Water sampling was conducted in the first cycle at three time 

points: day 1 (beginning), day 23 (mid-cycle), and day 45 (end) using 350 mL sample bottles. 

These water quality samples were then analyzed in a water quality laboratory. In addition, water 

quality data such as temperature, dissolved oxygen, pH, and total dissolved solids were also 

collected consistently every day. 

 

Data Analysis 

Data for each water quality parameter in each maintenance container were analyzed using 

an independent t-test to obtain basic data patterns, such as mean values and standard deviations, 

and to compare the means of the two treatment groups to determine whether there were 

statistically significant differences. The independent t-test analysis was performed using SPSS 

for Windows v.25.0. 

 

RESULT 

Water quality in fish farming is a key factor that determines the health, growth, and 

survival of fish. Measurements of water quality parameters, such as ammonia (NH₃), nitrate 

(NO₃), phosphate (PO₄), pH (potential hydrogen), total dissolved solids, temperature, and 

dissolved oxygen, were described below: 

Ammonia (NH3)  

 The ammonia concentration measured at each measurement stage, namely the beginning, 

middle and end of the study can be seen in Figure 1. 
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Figure 1. Ammonia (NH3) concentration of tilapia and catfish at the beginning, middle, and 

end of the study 

 

Figure 1 shows that the ammonia (NH3) concentration in each treatment varied based on 

the measurement time. However, the results of the independent t-test analysis showed that there 

was no significant difference (P>0.05) in ammonia concentration in the media of tilapia and 

catfish reared in the maggot-based aquaponics system, either at the beginning, middle, or end 

of the study. 

 

Nitrate (NO3) 

The results of nitrate (NO3) concentration measurements at the beginning, middle, and 

end of the study are presented in Figure 2. 

 

 
Figure 2. Nitrate (NO3) concentration in tilapia and catfish at the beginning, middle, and end 

of the study 

 

The nitrate (NO3) concentration in Figure 2 shows variations based on measurement time. 

However, independent t-test analysis showed no significant difference (P>0.05) in nitrate 

concentration in tilapia and catfish cultured in a maggot-based aquaponics system at the 

beginning, middle, or end of the study. 

 

Phosphate (PO4) 

The results of the phosphate concentration (PO4) measurements at the beginning, middle, 

and end of the study are presented in Figure 3. 
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Figure 3. Phosphate (PO4) concentration of tilapia and catfish at the beginning, middle, and 

end of the study 

 

The phosphate (PO₄) concentrations shown in Figure 3 also varied in each treatment 

depending on the measurement time. However, the results of the independent t-test analysis 

showed a significant difference (P<0.05) in phosphate concentrations between tilapia and 

catfish in the maggot-based aquaponics system, both in the middle and at the end of the study. 

 

Temperature  

The daily temperature measurement data for each treatment are presented in Figure 4. 

Based on the results of the independent t-test, there was no significant difference (P>0.05) in 

the temperature parameters between the tilapia and catfish media maintained using a maggot-

based aquaponic system. 

 

 
Figure 4. Daily temperature of each treatment  

 

Dissolved oxygen  

The results of daily dissolved oxygen measurements for each treatment are shown in 

Figure 5. The results of the independent t-test analysis showed that there was no significant 

difference (P>0.05) in the water quality parameters between tilapia and catfish media 

maintained using a maggot-based aquaponic system. 
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Figure 5. Daily dissolved oxygen for each treatment  

 

pH 

The results of daily pH measurements for each treatment are shown in Figure 6. The 

results of the independent t-test analysis showed that the pH in the maggot-based aquaponic 

system in tilapia and catfish media did not show any difference (P>0.05). 

 

 
Figure 6. Daily pH for each treatment  

 

Total dissolved solids  

The results of daily total dissolved solids measurements for each treatment are shown in 

Figure 7. The results of the independent t-test analysis showed that the total dissolved solids in 

the tilapia and catfish aquaponic systems were also not significantly different (P>0.05). 

 

 
Figure 7. Total daily dissolved solids for each treatment  
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DISCUSSION 

Ammonia (NH3)  

The results of NH3 measurements showed that the concentration at the beginning of the 

study (day 1) was relatively low and did not differ significantly (P>0.05) between treatments 

(Figure 1). However, the average NH3 concentration increased significantly in the middle of 

the study (day 23) but did not show a significant difference (P>0.05) between treatments. At 

the end of the study (day 45), the NH3 concentration was observed to decrease significantly, 

but there was still no significant difference (P>0.05) between the media in tilapia and catfish. 

The lack of significant differences (P>0.05) in NH₃ concentrations between tilapia and catfish 

media is thought to be due to several factors, including the relatively similar ammonia 

production levels of both species when fed the same feed (5% dry maggot biomass), the 

aquaponics system's significant role in stabilizing NH₃ concentrations (Baiyin et al., 2021) in 

both tilapia and catfish ponds, the relatively similar presence of mustard greens in the tilapia 

and catfish tanks as active nitrogen-absorbing biofilters (Utomo et al., 2023), and the relatively 

uniform environmental conditions, such as temperature and dissolved oxygen levels, in the 

tilapia and catfish ponds. 

The increased NH₃ concentration midway through the study was due to the accumulation 

of remaining maggot feed, feces, and metabolic excretions (Nursida et al., 2023) from tilapia 

and catfish that had decomposed in the water. The amount of feed given to tilapia and catfish 

increased as their weight increased. Meanwhile, the aquaponics system is still in the process of 

achieving biological equilibrium, particularly for the mustard greens, which are still small and 

have small roots. It is known that the nutrient uptake capacity of plants is directly related to the 

biomass and surface area of their roots (Baiyin et al., 2021). This explanation may be relevant 

to the observed drastic increase in the NH3 concentration in the tilapia and catfish water 

medium midway through the study (day 23). Subsequently, the NH3 concentration decreased 

significantly at the end of the study, but there was still no significant difference (P>0.05) 

between the NH3 concentrations in the tilapia and catfish media. This indicates that the 

remaining maggot feed, feces, and metabolic excretions from the tilapia and catfish that have 

decomposed into NH3 are relatively similar and can be absorbed well by the mustard greens as 

their biomass and root surface area increase. 

The tilapia and catfish in this aquaponics system (mustard green) study were fed dried 

maggots, representing 5% of the fish biomass. The NH₃ concentration at the end of the study 

in each fish medium was relatively low, namely 0.066 mg/L in tilapia and 0.049 mg/L in catfish. 

The results of previous research on monoculture cultivation of aquaponic biofloc systems 

(kangkung plants) based on commercial feed (5% of biomass) obtained final NH3 

concentrations in tilapia media of 0.50 mg/L and catfish 0.80 mg/L (Zidni et al., 2019). The 

NH₃ concentration in tilapia media fed with 10% dry maggots of biomass in the maintenance 

of a multi-trophic system (tilapia, freshwater lobster, mussels, and rice) was 0.19 mg/L 

(Heriansah et al., 2024). Total ammonia nitrogen (TAN) in tilapia fed commercial feed at 5% 

of the biomass in an aquaponic system (pak choy) was 0.37 mg/L (Setiadi et al., 2018). 

The NH₃ concentration in this study was significantly lower than in previous studies. The 

low NH₃ concentration in this study indicates that dry maggot feed produces less nitrogen waste 

and is more efficiently utilized by the fish (Heriansah et al., 2024; Setiawan et al., 2021). 

Meanwhile, the presence of mustard greens as a biofilter appears to play a significant role in 

absorbing ammonia (Utomo et al., 2023). The combination of maggot feed and the mustard 

greens aquaponic system has been shown to produce excellent water quality, characterized by 

stable NH₃ concentrations at levels safe for tilapia and catfish, well below 1 mg/L (Lawson, 

1995). 
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Nitrate (NO3) 

NO₃ measurements showed that the concentration at the beginning of the study (day 1) 

was still low and did not differ significantly between treatments (P>0.05) (Figure 2). The NO₃ 

concentration then increased significantly on day 23, but remained without significant 

differences (P>0.05). At the end of the study (day 45), the NO₃ concentration decreased 

significantly, but still showed no significant difference (P>0.05) between the tilapia and catfish 

media. The absence of a significant difference in NO₃ concentration between the tilapia and 

catfish media (P>0.05) throughout all stages of the study indicates that both fish species 

produce relatively similar nitrogen loads and that the aquaponics system is able to stabilize 

nitrogen dynamics (Baiyin et al., 2021) regardless of fish species. In other words, biofiltration 

efficiency and nutrient uptake by the mustard greens are more dominant in determining NO₃ 

concentration than differences in metabolic characteristics between tilapia and catfish. 

The low NO₃ concentration at the beginning of the study (day 1) is suspected to be due 

to the nitrification process not yet being optimal. In this initial phase, the nitrifying bacterial 

populations—Nitrosomonas (oxidizes ammonia to nitrite) and Nitrobacter (oxidizes nitrite to 

nitrate) (Debroy et al., 2025)—were still adapting, resulting in limited nitrate production. Over 

time, particularly toward the middle of the study (day 23), the activity of these two bacterial 

groups increased in line with plant root growth, a stable microbial environment, and increased 

substrate availability (ammonia and nitrite) from fish metabolism and feed residues (Rudoy et 

al., 2025). This explains why NO₃ concentrations increased significantly in the middle phase 

of the study. 

However, by the end of the study (day 45), NO₃ concentrations had decreased 

significantly again. This decrease is common in aquaponic systems because plants experience 

increased nitrogen requirements for growth (Debroy et al., 2025). Nitrate is the primary form 

of nitrogen absorbed by plants (Baiyin et al., 2021), so increasing plant uptake rates will reduce 

NO₃ concentrations in the water. Furthermore, the stable nitrifying bacterial population at the 

end of the study maintained a balance between nitrate production and utilization, preventing 

nitrate accumulation at the end of the study. 

The NO₃ concentration at the end of this study in each fish culture medium was relatively 

low, at 0.052 mg/L in tilapia and 0.045 mg/L in catfish. Previous research on monoculture 

aquaponic biofloc cultivation (water spinach) using commercial feed (5% of biomass) found 

final NO₃ concentrations in tilapia and catfish media of 0.5 mg/L each (Zidni et al., 2019). The 

NO₃ concentration in tilapia fed commercial feed at 5% of biomass in an aquaponic system 

(pak choy) was 1.93 mg/L (Setiadi et al., 2018) and mustard greens at 0.55 mg/L (Utomo et 

al., 2023). 

The NO₃ concentration in this study was very low compared to previous studies. The low 

nitrate accumulation indicates that the nitrification process is running well, but the nitrate 

formed is directly utilized by the mustard greens (Utomo et al., 2023) and therefore does not 

accumulate in the water medium. Overall, these results indicate that the combination of maggot 

feed and an aquaponics system with mustard greens can suppress nitrogen accumulation 

through a stable nitrification process and optimal nitrate uptake by the plants. 

 

Phosphate (PO4)  

PO4 measurements showed that the concentration at the beginning of the study (day 1) 

was still low and did not differ significantly between treatments (P>0.05) (Figure 3). The PO4 

concentration then increased significantly midway through the study (day 23), but remained 

without significant differences (P>0.05). However, at the end of the study (day 45), the PO4 

concentration decreased significantly and showed a significant difference (P<0.05) between 

the tilapia and catfish media. The low PO₄ concentration at the beginning of the study (day 1) 

was due to the relatively limited initial phosphorus content in the water used in the system. The 
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water used in this study had undergone filtration and sedimentation processes to remove 

suspended particles and dissolved nutrients. 

The PO₄ concentration at the middle of the study (day 23) increased significantly, 

indicating phosphate accumulation in the rearing media. This accumulation is likely due to the 

excretion of tilapia and catfish and the degradation of dried maggot feed residues, which release 

phosphorus into the media (Nursida et al., 2023). Furthermore, it is suspected that microbial 

activity in the aquaponic system, decomposing complex organic compounds into soluble 

inorganic phosphate, increased (Rudoy et al., 2025). Despite this increase, the difference in 

concentration between media was still insignificant. This is likely because both fish species 

produce relatively similar amounts of phosphorus, while the mustard plants' absorption 

capacity during the early growth phase is not yet optimal (Baiyin et al., 2021). 

At the end of the study (day 45), PO₄ concentrations decreased significantly and began to 

show a significant difference (P<0.05) between the tilapia and catfish media. This decrease was 

closely related to increased phosphorus uptake by the mustard plants entering the growth phase, 

where phosphate becomes an essential nutrient for leaf and stem formation (Debroy et al., 

2025). The significant difference between the tilapia and catfish media is likely influenced by 

the different growth patterns of the mustard plants. The mustard plants in the catfish tank grew 

better than the tilapia tanks. The nutrient uptake capacity of plants increases with their biomass 

and root surface area (Baiyin et al., 2021). 

The final PO₄ concentration in each fish culture medium was relatively low, at 0.052 

mg/L in tilapia and 0.045 mg/L in catfish. Previous research on tilapia fed commercial feed at 

5% of their biomass in an aquaponics system (with bok choy) yielded a final PO₄ concentration 

of 0.19 mg/L (Setiadi et al., 2018). The final PO₄ concentration in tilapia fed commercial feed 

at 5% of their biomass in an aquaponics system (with mustard greens) was 0.46 mg/L (Utomo 

et al., 2023). 

The PO₄ concentration in this study was relatively low compared to previous studies. 

Feeding dried maggots as much as 10% of the fish biomass used is thought to produce less 

phosphorus waste than commercial feed because maggots have a high protein content that is 

more easily digested by fish and results in minimal phosphorus excretion (Heriansah et al., 

2024). Commercial feeds used in previous studies may produce more phosphorus waste that is 

not commensurate with the plant's ability to absorb phosphate. The results of this study indicate 

that the combination of dried maggot feed with mustard plants in an aquaponic system can 

suppress phosphate accumulation, thereby reducing the risk of eutrophication usually 

associated with high phosphate concentrations. 

 

Temperature, dissolved oxygen, and pH 

Temperature, dissolved oxygen, and pH are important water quality parameters that play 

a vital role in fish survival. Temperature is known to affect plant nutrient uptake, and metabolic 

rates and nutrient uptake processes, including nitrogen and phosphate, tend to increase within 

the optimal temperature range (Debroy et al., 2025). Water temperatures during the study in 

tilapia and catfish culture media were not significantly different (P>0.05). Daily temperatures 

remained relatively stable throughout the culture period, ranging from 26.3–27.0°C (Figure 4), 

which is optimal for both fish and plants (Zidni et al., 2019). Aquaponic pond construction for 

both tilapia and catfish ponds utilizes shade netting to reduce heat in the ponds. Furthermore, 

aquaponic pipes and mustard greens shaded in each pond also appear to help reduce heat 

exposure in the water column. This results in relatively equal heat distribution across both 

media, resulting in no significant difference in water temperature between the tilapia and catfish 

ponds.  

Dissolved oxygen is essential for fish metabolism, and Nitrosomonas bacteria convert 

nitrite into nitrate, which is essential for the plants (Rudoy et al., 2025). Daily dissolved oxygen 
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levels during the study in tilapia and catfish culture media were not significantly different 

(P>0.05), ranging from 5.1–5.9 mg/L throughout the entire culture period (Figure 5). This 

dissolved oxygen range is within the optimal range for fish and plants (Zidni et al., 2019). 

Continuous water flow from small, specially designed pipe holes in the tilapia and catfish 

aquaponics systems appeared to be effective as an aeration system in this study. Furthermore, 

through photosynthesis, plants in each pond produce oxygen, which is released into the water 

(Rudoy et al., 2025). This condition resulted in relatively equal dissolved oxygen levels in both 

media, resulting in no significant difference in dissolved oxygen levels in the water in the tilapia 

and catfish ponds.  

The pH in aquaponic systems significantly affects nutrient availability, the nitrification 

process, and the health of plants and fish (Debroy et al., 2025). Daily pH values during the 

study in tilapia and catfish media were not significantly different (P>0.05), ranging from 6.0 to 

6.9 (Figure 6). This pH range is within the tolerance range for fish and plants (Zidni et al., 

2019). A decrease in pH can occur due to water quality degradation caused by leftover feed and 

feces. The lack of significant differences in pH between tilapia and catfish media is due to 

several key factors related to the relatively similar characteristics of the aquaponic systems.. 

 

Total dissolved solids  

Total dissolved solids (TSS) is the sum of all solid particles suspended in water. The main 

sources of TSS in aquaponic systems are inorganic substances (floating hydroponic roots, 

leftover feed, and fish feces) and inorganic waste (rockwool). The decrease in TSS levels 

occurs due to the oxidation of ammonia by nitrifying bacteria (Dwiardani et al., 2021). The 

daily pH during the study in the tilapia and catfish aquaponic media ranged from 132.5 to 144.2 

mg/L, which was not significantly different (P>0.05) between the two rearing media (Figure 

7). The physical design of the aquaponic system and the same waste source provided uniform 

environmental conditions between the two ponds, so there were no external factors that could 

cause differences in suspended particles between the tilapia and catfish ponds. 

 

CONCLUSION 

All water quality parameters in the maggot-based aquaponic system, including NH₃, NO₃, 

pH, and TPT, were not significantly different between tilapia and catfish media, except for the 

PO₄ parameter, which showed a statistically significant difference. This difference indicates 

that phosphorus dynamics in the system are more sensitive to variations in excretion between 

fish species and plant uptake rates than other water quality parameters. The results obtained in 

this study confirm that combining alternative feed solutions (maggots) with an aquaponic 

system has several advantages compared to using commercial feed. 
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