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ABSTRACT

This study aims to determine ammonia,
phosphate and nitrate catfish (Clarias sp)
farming water in aquaponics systems with
conventional systems and determine catfish
farming production aquaponics systems and
conventional systems. The main parameters
observed are ammonia, phosphate, nitrate and
fish production while supporting parameters
are temperature, pH, DO, SR and fish growth.
The results of the independent t test showed
that the value of ammonia, phosphate nitrate
and nitrate in the aquaponic system was lower
(P<0.05) than the conventional system, while
fish production in the aquaponic system was
higher (P<0.05) than the conventional system.
This research shows that aquaponic systems
are suitable for development in the
archipelagic dry land area.
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INTRODUCTION

Catfish (Clarias sp) farming is one type of aquaculture business that is
developing today. Catfish is one of the many fishery orgnisms that has animal
protein that is much loved by the people of Indonesia. This is because catfish is
easy to obtain, relatively cheap, and has a high protein content and relatively
lower fat (Setiadi et al., 2019). Aquaculture water contains organic waste in the
form of remnants from fish digestion and remnants of inedible feed. The greater
the production capacity of a cultivated area, the greater the organic waste
produced, so that organic waste is wasted into the waters is also greater.
Organic waste from cultivation will cause new environmental problems, related
to the large amounts of nitrogen (N) and phosphorus (P) discharged into waters
(Abraham et al., 2018). Aquaculture water that contains organic waste if left
unchecked will cause pollution that has a negative impact on the environment.
The negative impact of organic discharges of aquaculture around experiencing
aquatic fertility problems or eutrophication with the category of eutrophic
waters towards hypereutrophic (Sikora et al., 2019).

In organic waste waters this toxic nitrogen is found in the form of
ammonia or nitrate. Ammonia is converted into nitrite (NO2) by nitrosomas
bacteria, then continued by nitrobacter bacteria to remodel nitrite (NO2) into
nitrate (NOs). Nitrate (NOs) is what will be used by plants for their growth.
From this process, ammonia of harmful origin is converted into beneficial for
plants thanks to the role of nitrifying bacteria (Liang & Chien, 2013). In
archipelagic dryland areas, with limited water resources and dry environments,
catfish aquaculture water management becomes a more complex challenge. Dry
land in NTT also has the advantage of having sunlight that shines for 9 months
so that the existing sunlight can help the photosynthesis process in plants
properly (Lee et al., 2022). Thus, it is very supportive of the aquaponics system
because the vegetables planted can grow optimally.

The solution to the existing problem is to apply an aquaponics system.
The aquaponics system is one of the innovative solutions in catfish farming in
dryland areas of the archipelago. Aquaponics system is a cultivation system
that combines cultivation systems and plants (Eissa et al., 2015). The main
mechanism in aquaponics is the conversion of organic waste of aquaculture
water (NH3) produced by fish into nitrate (NOs3) which can then be used to
grow plants so as to create a more sustainable environment and reduce negative
impacts on the environment (Yep & Zheng, 2019). One of the plants used is the
water spinach plant. According to Endut et al., (2016) water spinach plants are
able to reduce ammonia levels in waters. Aquaponics technology is able to
produce fish optimally on narrow land and limited water sources, including in
urban areas. Aquaponics systems can save water use in fish farming activities
by up to 97% and can maintain the water quality of budiaya media, this is due
to the interaction between fish and plants that can create a more productive
environment than conventional methods (Gupta & Huang, 2014). In
conventional systems, aquaculture water is directly discharged into the
environment without any treatment. Cao et al., (2007) stated that wastewater
from aquaculture activities has the potential to boost organic matter content
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drastically and can then affect water quality and eutrophication or excessive
phytoplankton growth causing imbalances in waters. In contrast to aquaponics
systems that are mutually beneficial for plants and fish. Plant nutrition can be
obtained from feces and fish food residues that settle to the bottom of the pond,
resulting in water with quality that meets standards for fish farming (Goddek et
al., 2019).

Based on the explanation above, it seeks to prove the results of the
influence of aquaponics systems and conventional systems on aspects of
ammonia, phosphate, nitrate and catfish production. The purpose of this study
was to examine aspects of ammonia, phosphate, nitrate and catfish production
(Clarias sp) in aquaponics and conventional systems in dry land areas of the
archipelago.

LITERATURE REVIEW

Setiadi et al, (2019), "Efforts to Improve Productivity and Water Quality
of Catfish Farming (Clarias sp.) on Tidal Aquaponics Systems through the
Application of Different Filtration". The results showed that the application of
three filters such as settling tanks, semi-anaerobic, and aerobic in this
aquaponics system can improve fish and vegetable production and water
quality under optimal conditions. A study written by Eissa et al., (2015) found
that aquaponics systems can improve water quality significantly compared to
traditional systems. This shows that aquaponics is a more environmentally
friendly and sustainable option for fish and plant farming.

Research written by Cao et al., (2007) entitled "Environmental Impact of
Aquaculture and Countermeasures to Aquaculture Pollution in China".
Emphasizing the importance of sustainable aquaculture to meet global protein
needs. Aquaponics systems offer innovative solutions to overcome these
problems by combining fish and plant farming in one efficient and
environmentally friendly system. Goddek et al., (2019) "Aquaponics Innovative
Solutions to Future Food Challenges". Explain that aquaponics can help
improve food security, reduce environmental impact, and increase people's
access to fresh and nutritious food. This shows that aquaponics has great
potential to be an innovative solution to address the various challenges facing
the food system today.

Research Sikora et al, (2019) "Utilization of Fish Organic Waste for Soil
Fertility". Shows that dumbo catfish organic waste has a high concentration of
nitrogen and phosphorus, so it can be used as an organic fertilizer rich in
important nutrients for plants. This shows that aquaponics can be an integrated
and sustainable system, with waste from fish farming being processed into
resources that benefit plants.

METHODOLOGY

The aquaponics system is carried out systematically and has sequential stages,
while the stages in the aquaponics system carried out in this study can be seen
in Figure 1.
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Figure 1. Conceptual Framework

This research has been carried out for 3.5 months or (105 days), namely
from August to November 2023, located at UPT. Lab. Dryland Fisheries Islands
Nusa Cendana University. This study used a randomized design complete with
two treatments (aquaponics system and conventional system) with six repeat
units. Each repetition is placed randomly to obtain The experimental design
used is a Complete Randomized Design (RAL). The materials used in this study
were catfish fry weighing + 2.80 gr with a length of 7-9 cm and water spinach
vegetables. The number of fish per container is 350 heads with a total number of
4200 heads.

Fish stocking is carried out after the fish have been acclimatized and the
aquaponics series has been operationalized for 3 days. The feed given is in the
form of commercial feed that has 31% protein. Feeding is carried out as much as
5% by weight of fish biomass. The frequency of feeding is 2 times a day, namely
in the morning at 8 o'clock and in the evening at 4 o'clock. Feeding by stocking
thoroughly on the surface of the pond. Water changes are carried out in
conventional tubs once a week by making a 30% change, while in aquaponics
systems during maintenance no water changes are made, except for those lost
due to evaporation.

Taking and checking water quality samples for supporting variables both
temperature, pH, and DO for aquaponics and conventional ponds are taken
once a week and the measurement time is morning at 8 and 4 pm. Direct
sampling at the research site. While the main variables ammonia, phosphate,
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nitrate for aquaponics and conventional ponds were carried out twice, namely
week-1 and week 3. Production variables were carried out 1 time, namely at the
end of the study. For water sampling in 12 ponds. Water samples were taken as
much as 2 L on the surface layer (£50 cm on the surface) using a water sampler.
Furthermore, the sample was analyzed in the laboratory of the Faculty of
Fisheries, University of Muhammadiyah Kupang to find out whether it crossed
the threshold or not. The variables observed are in the form of quality variables
of the main aquatic environment, namely ammonia (NHs), phosphate (P),
nitrate (NOs) and fish production. Meanwhile, the supporting variables of
water quality are temperature, pH, DO, absolute growth of fish and fish
survival.

a. Analysis of Ammonia, Phosphate and Nitrate
Analysis of ammonia, phosphate and nitrate was carried out in the
laboratory using spectrophotometric method (SNI 06-6989.30-2005 for
ammonia; SNI -5-6989.31-2005 for phosphate and SNI 06-2480-1991 for mitrate).
b. Production of catfish
Catfish production is calculated as follows (Zonneveld & Metz, 1991):

1000
catfish pond area

Catfish production (kg/m?/cycle) = x (Bt — Bo)
where:

Bt = Catfish weight at the end of the study (g)
Bo= Catfish weight at the beginning of the study (g)

c. Pertumbuhan mutlak ikan
Absolute growth can be calculated by the formula (Effendi, 1979):

W=W;—W,

where:

W = Absolute growth (g)

Wt = Catfish weight at the end of the study (g)

Wo = Catfish weight at the beginning of the study (g)

d. Catfish Survival
Catfish survival is calculated by the following formula (Ransum & Yang,
2016):

SR =%100 %
No

where:

SR = Survival rate (%)

No = The number of catfish at the beginning of the study (Individual)
Nt = The number of catfish at the end of the study (Individual)
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Data on ammonia, phosphate, nitrate and catfish production were
analyzed using t-test, while supporting data were analyzed descriptively. All
data analysis used SPSS (Statistical Package for the Social Sciences 24) software.

RESEARCH RESULT
a. Ammonia, Phosphate and Nitrate

The presence of ammonia, phosphate, nitrates comes from the activity of
catfish waste metabolites such as feces and urine, as well as inedible feed
residues. The measurement results of ammonia, phosphate and nitrate are
presented in Table 1.

Table 1. Ammonia (mg/L), phosphate (mg/L) and nitrate (mg/L) levels in
aquaponics and conventional systems.

Variable System - Week - Quality Standards
Ammonia Aquaponic 0.003 +£0.001 0.015 + 0.002 <1
Conventional 0.003+0.001 0.042+0.003 (Somerville et al.,
2014)
Phosphate Aquaponic 0.009 £0.003 0.051 = 0.006 0.2mg/L
Conventional 0.009 £0.003 0.163 + 0.037 (Strauch et al.,
2019)
Nitrate Aquaponic 0.178 +0.041 0.316 +0.054 <10 mg/L
Conventional 0.178+0.041 0.630+0.092 (Yosmaniar et al.,
2021)

Independent t test results showed that ammonia. phosphate. and nitrate in
aquaponics systems significantly lower (P<0.05) than in conventional ponds.
Average ammonia concentration in the aquaponics system at 0.015 mg/L
compared to the conventional system at 0.42 mg/L. The same was the case with
Average phosphate in the aquaponics system at 0.051 mg/L, while in the
conventional system at 0.163 mg/L. Similarly, average nitrate concentration in
the aquaponics system at 0.316 mg/L, and in conventional system of 0.630
mg/L.

b. Production of catfish

Based on the results of the study showed that the results of both
treatments of the aquaponics system had higher catfish production than
conventional systems. The average value of catfish production in conventional
aquaponics systems during the study is presented in Table 2.

Table 2. Average production value (kg/m?) of catfish in aquaponics and
conventional systems
No System Aquaculture Production (kg/m?)

306



International Journal of Applied Research and Sustainable Sciences (IJARSS)
Vol. 2 No. 5, 2023: 301 - 314

1 Aquaponic 22.149 + 0.469
2 Conventional 18.119 £ 0.568

Independent t test results showed that catfish production was significantly
higher (P<0.05) in aquaponics system treatment (22,149 kg/m?) than production
in conventional system treatment (18,119 kg/m?). Although the aquaponic
system does not apply water changes until the end of the study, the biofilter
components in the aquaponic system are proven to support fish production
optimally.

c. Absolute Growth

The value of the absolute growth rate of catfish during aquaponics system
research is higher than conventional systems. The average results of measuring
catfish growth at the beginning and end of the study are presented in Table 4.

Table 4. Growth of Early Weight and End weight of Catfish (Clarias sp) in
Aquaponics Systems and Conventional Systems.
Initial Weight . Absolute
(®) End Weight (g) Growth (g)
Aquaponic 13.588 £0.829  102.184 £1.632  88.597 £ 1.875
Conventional = 13528 +1.002  86.002+ 1.651  72.475+2.272

System

The results showed that catfish growth in aquaponics systems was higher
(88,597g) compared to conventional systems (72,475g). However, the aquaponic
system does not apply water changes until the end of the study, the biofilter
components in the aquaponic system are proven to support fish growth
optimally.

E. Sintasan ikan

Survival rate is the percentage of organisms that live at a certain period of
time. Survival is calculated by comparing the number of living organisms at the
end of the study with the number of organisms at the beginning of the study.
The average results of survival rate (SR) measurements of catfish raised with
aquaponics systems and conventional systems at the beginning and end are
presented in Table 5.

Table 5. The Average Survival Rate of Catfish at the Aquaponics and the
Conventional Systems.

Initial Number End number Survival Rate
System (fish) (fish) (%)
Aquaponic 2100 £ 0.000 1732 £12.323 82.477 + 3.520

Conventional 2100 % 0.000 1509 +33.110 71.858 +9.460

The highest catfish survival rate was obtained in fish raised in aquaponics
systems (82,477%) compared to conventional systems (71,858%). Although the
aquaponic system does not apply water changes until the end of the study, the
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biofilter components in the aquaponic system are proven to support catfish
survival rate optimally.

C. Other Water Quality

Water quality is one of the factors supporting fish growth in aquaculture
systems. In this study, water quality has been observed as supporting data,
namely temperature, pH, and DO. The following results of water quality
measurements are presented in Table 3.

Table 3. Water quality parameters in aquaponics systems and conventional
systems

System Quality
Aquaponic  Conventional Standard
Temperature 27.6 £0.514 26.3£1.230 22-34°C (Hargreaves &

Parameter Literature

(°C) Tucker, 2003)
pH 6.8+0424 7.2+0.508 6.5-9.0 (Baldisserotto.
2001)
DO (mg/L) 8.2 £0.447 7.1£0.458 >3mg/L (Boydetal,
2018)

The results showed that in the aquaponics system the values of
temperature (27.6 + 0.514 °C), pH (6.8 + 0.424), and DO (8.2 + 0.447 mg/L), while
in conventional systems temperature (26.3 + 1.230 °C), pH (7.2 £ 0.508), and DO
(7.1 £ 0.458 mg/L). The average value of these three parameters is still within
the tolerance value in catfish farming.

DISCUSSION

Ammonia in aquaponics systems is lower than conventional systems. This
is thought to be because the water quality in the aquaponics system can be
maintained. In maintaining water quality. The aquaponics system is supported
by the filter in it. Treatment with aquaponics systems at ammonia
concentrations is lower than conventional system treatment. It is suspected that
water spinach plants are able to reduce ionized ammonia in the form of (NH**)
in water and ammonia that has been nitrified into nitrates which are used for
growth. The roots of water spinach plants have a big role in the utilization of
nitrogen in water so that ammonia that is ionized in the form of (NH**) and that
has been nitrated can be used by water spinach plants for growth. The roots of
the plant will absorb ammonia in the water from the cultivation container. then
it will be converted into nitrate after undergoing an oxidation process with the
help of oxygen and bacteria (Effendi et al., 2015).

High ammonia concentrations can cause an increase in pH in ponds. on
the other hand, increasing temperature will also increase ammonia
concentrations in fish holding ponds (Datta. 2012) further (Li et al.. 2020)
adding that the nitrification process becomes hampered because it is triggered
by low temperatures in aquaculture containers, resulting in high ammonia
concentrations. Unlike conventional ponds, ammonia is higher. This is due to
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being in a conventional pool system. There is no change of water during
maintenance, as a result there is a buildup of fish metabolic waste (feces) and
inedible fish food resulting in ammonia accumulation in the pond and can be
toxic to fish. As a result of high ammonia, fish appetite decreases because the
water in conventional ponds does not experience recirculation or special
treatment. Decreased of water quality can also affect fish appetite. Because
when appetite decreases, feed intake into the body is reduced (Joshua et al.,
2017).

The increase in phosphate in conventional systems during the study is
thought to be due to the accumulation of fish metabolic waste and also inedible
feed residue. According to (Rafiee & Saad. 2005), the high concentration of
phosphate comes from the excretion of fish in the form of faeces. So that
phosphate settles to the bottom and accumulates in the cultivation water.
Phosphate from fish feed will be used by fish according to the needs of the
body. while unutilized phosphate will be excreted by fish in the form of feces
(Powers, Hughes & Soares., 1998). Increased feed residue and accumulated
metabolite waste can cause an increase in phosphate, causing water quality to
decrease. The excessive presence of phosphorus accompanied by the presence
of nitrates can stimulate an explosion of algae growth in waters that can use
large amounts of oxygen, resulting in a decrease in dissolved oxygen levels.
Orthophosphates are inorganic compounds that can be utilized directly by
aquatic plants such as water spinach for growth. Based on Jeschke et al. (1997)
phosphate content is needed by plants for stem development. root. and leaves.
If the phosphate content is low, it will inhibit root growth. trunk. petioles. and
leaves. According to Nozzi et al. (2018) Decrease in phosphate content in
aquaponics system with maintenance of water spinach plants causes low
biomass value at the end of maintenance. According to Zainun (2018)
orthophosphate concentration is influenced by temperature and pH. The
concentration of orthophosphate will increase with an increase in temperature
and a decrease in pH.

From the results of observations on the treatment of aquaponics systems,
there was a decrease in nitrate concentrations contained in fish rearing media
caused by the absorption of plant roots (Yep & Zheng, 2019). Plants in the
aquaponics system provide the role of biofilters by utilizing nutrients derived
from cultivated organic waste. Plant roots are also a medium for adding
nitrifying bacteria. which helps reduce ammonia and provides the nitrates
plants need. According to Deswati et al. (2018) nitrates are absorbed by plants
through the roots as a natural fertilizer for growth.

Increased survival value is high in the treatment of aquaponics systems so
that the final population of fish largely determines the amount of
harvested/final fish production. According to Rajuansah et al. (2021) that the
increasing need for feed, it can cause a decrease in water quality caused by
increased metabolite discharges in cultivation containers. and will cause
ammonia levels in the water to be high. This circumstance leads to decreased
appetite of fish. As a result, survival and growth also decrease.
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The highest temperature in aquaponics systems has increased and tends to
be more stable (Yang & Kim. 2020). This thing. Due to the role of the
recirculation system and biofilter where water is pumped from fish rearing
media and then mechanical friction occurs between water particles. Planting
media and plant roots so that the water temperature in the pond can increase
and tends to be more constant. Temperature that fluctuates too much will affect
the metabolic system of fish. In low temperature conditions will affect the
immunity or immunity of fish. and in conditions of temperature that drops
suddenly will result in red blood cell degeneration so that the process of
respiration, namely breathing or oxygen uptake, will be disrupted (Meidiana et
al., 2022). In addition, the optimum media temperature affects the performance
of digestive enzymes and effective metabolism.

The pH value of water will affect the oxidation process of organic matter.
phytoremediation process. and plant growth (Hoarau et al., 2018). According to
Robles-Porchas et al. (2020) states that acidic pH conditions can inhibit the
proliferation process of nitrifying bacteria. This condition will inhibit the release
of bacteria to fecal residues and feed residues in fish farming media. In
addition, according to Zou et al. (2016) observed that plants obtain better
development in aquaponics systems with a pH of 6-7 water. Most microbes
exist in the hydroponic layer. The large number of microbes in hydroponics
makes it the main site of nitrogen transformation.

The decrease in dissolved oxygen during observations on conventional
systems is thought to be due to the accumulation of feces and residual feed. the
process of decomposition by myroorganisms. utilization of oxygen by fish. and
increased water temperature (Mallekh & Lagardere, 2002). Beat with the
aquaponics system, oxygen levels increase due to the ability of water spinach
plants to grow faster than other plants, affecting better absorption of inorganic
nitrogen so that water quality becomes better. This affects the dissolved oxygen
content in fish farming media. According to Andriani et al. (2023) The dissolved
oxygen content in maintenance media plays a role in the oxidation and
reduction process of organic and inorganic matter by nitrifying bacteria to
reduce the pollution load on cultivation containers. If the oxygen content in fish
rearing media is low, there will be competition for oxygen demand between
fish and bacteria that decompose organic matter.

The growth of catfish in aquaponics system treatment is higher than
conventional system treatment. This is influenced by the use of a recirculation
system using water spinach plants as a biofilter has a significant influence on
absolute weight growth. The high growth of fish in the aquaponics system is
thought to be due to the influence of the filtration system and biofilter of water
spinach plants. Water spinach which is a plant absorbs excess nutrients in water
in the form of ammonia which has been broken down into nitrates. where this
can improve the quality of water entering the cultivation pond (Qiu et al., 2014).

The survival rate (SR) value is low in conventional systems due to
mortality due to water quality and mutual prey. According to (Siregar, 2021).
The survival rate of fish can also be affected by factors inside and outside the
tish. The inner factor consists of the age and ability of the fish to adapt to the
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environment. External factors consist of abiotic conditions including food
availability and quality of living media. The process of improving water quality
can affect the survival of catfish. According to Andriani et al. (2021) Catfish
survival in aquaponics ponds is higher than conventional or no aquaponics
systems. Water quality plays an important role, especially in cultivation
activities. Deterioration in water quality can result in death. stunted growth. the
onset of disease. and reduction of feed conversion rate. According to Naomi et
al. (2020) Catfish enlargement ponds with aquaponics systems are better than
conventional systems. This condition is caused by the presence of a
recirculation system. Thus triggering the rate of decomposition and
nitrification. High or low ammonia levels and pond water quality greatly affect

fish production size and fish survival rate. Similarly, the survival rate of the
fish.

CONCLUSIONS AND RECOMMENDATIONS

1. Ammonia, phosphate and nitrate in aquaponics systems showed that lower
than conventional system. Average ammonia concentration in the
aquaponics system at 0.015 mg/L compared to the conventional system at
0.42 mg/L. The same was the case with Average phosphate in the
aquaponics system at 0.051 mg/L, while in the conventional system at 0.163
mg/L. Similarly, average nitrate concentration in the aquaponics system at
0.316 mg/L, and in conventional system of 0.630 mg/L.

2. Catfish production was significantly higher in aquaponics system treatment
(22,149 kg/m?) than production in conventional system treatment (18,119
kg/m?). Although the aquaponic system does not apply water changes
until the end of the study, the biofilter components in the aquaponic system
are proven to support fish production optimally.

ADVANCED RESEARCH

1. Further research needs to be done on the effect of the aquaponics system on
the growth of fish with different plants and different fish so that the
aquaponics system can be a problem solving in fish farming activities. and
the application of aquaponics systems directly to the community.

2. Aquaponics system can be applied in catfish farming activities because with
the aquaponics system we can save water use as a maintenance medium
because the use of an aquaponics system can improve the quality of
maintenance water so that it is more efficient in water use (does not change
water during maintenance).
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