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Abstract. Red tilapia, Oreochromis niloticus is the main commodity of
freshwater fish in Indonesia. Red tilapia have a good price compared to
tilapia. The aims of this experiment to determine of survival, growth, and
water quality of red tilapia cultured in aquaponic system. The treatment of
this experiment, namely A) Red tilapia cultured without aquaponic
(control), B) Red tilapia cultured with pakcoy, and C) Red tilapia cultured
with caisin. The result showed that the highest of survival rate, weight, and
length absolute found at Red tilapia cultured with pakcoy (96.00+£1.73%,
32.31+0.74g, and 7.57+£0.21 cm) and Caisin (96.00£1.73%, 32.31+0.74g,
and 7.57+0.21 cm) than that of without aquaponic (86.67+1.15%,
25.77+1.05g, and 6.43+0.31 cm) (P<0.05). Vegetable leaf production of
pakcoy was 6.57+0.16 Kg and Caisin was 6.17+0.11 Kg. The water quality
parameters such as DO, TAN, nitrite, and nitrate of Red tilapia cultured
using aquaponics was better than that of without aquaponic.

1 Introduction

The main cultivated freshwater species in the world belong to carps and tilapia. The
Nile tilapia, Oreochromis niloticus is one of the most important freshwater fish in world
aquaculture. It is widely cultured in many tropical and subtropical countries. Some of
advantages of Nile tilapia are rapid growth, high tolerance to environment conditions, easy
to spawn, resistance to disease, and good consumer acceptance make it a suitable fish for
culture [1]. This species is the most familiar and popular fishes in Indonesia, especially, in
Sumatera, Java, Bali, and Borneo Islands.

The production of aquaculture technique is usually extensive, semi-intensive and
intensive culture systems, but the commonest technique in Indonesia is semi-intensive and
intensive systems. The intensive culture has usually high level of management input such as
feed and fertilizers are intensively applied following appropriate recommended rates. Most
commercial farm adopts this approach due to the fish grow is very faster compare to the
others [2]. However, intensive culture system has encountered many problems such as high
cost due to commercial food utility during the operation where commercial food constitutes
50 — 70% of the total production cost [3].
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On the other hand, intensive culture system by product such as uneaten feed, feces, and
urine have resulted in poor of water quality and eutrophication which negative effect to fish
production [4]. Feed leachate into aquaculture systems results in the release of additional
nitrogen (N), phosphorus (P), organic matter and trace elements into the water environment
[5]. Annual nutrient discharge of about 5100kg N, 2900kg P, and 29500kg organic matter
from a fish farm due to high level of feed, feces, and excreta in the water [6]. This condition
affects water quality such as depletes of dissolved oxygen and increase concentration of
nitrite and ammonia, which are toxic for fish [7, 8, 9]. Thus, poor of water quality has
resulted in low production due to high mortality [4].

Some efforts of Nile tilapia culture have been carried out to increase productivity in
order to fulfill fish demand such as polyculture using deep pond technology [10],
constructed wetland [4], stock density [11], polyculture [12], probiotic utility [13], and
aquaponic system [14]. Although these techniques can increase fish production, but base on
economy value is still unprofitable due to high price of commercial food, unless fish culture
in aquaponic system [15]. Therefore, technology innovation of aquaculture in term of
increasing fish production and eco-friendly is needed. Aquaponics is an integrated farming
concept that combines fish and vegetable (hydroponic). This integration aims to convert the
normally wasted nutrients excreted by fish into valuable plant biomass [16]. The purpose of
this experiment is to determine water quality, survival, growth, and biomass of Red Tilapia
cultured in an aquaponics system.

2 Materials and Methods

The experiment was conducted from June to August 2017 at Research Station for
Freshwater Aquaculture Environment Technology and Toxicology, Cibalagung, Bogor,
Research Institute for Freshwater Aquaculture and Fishery Extension, Bogor, West Java,
Indonesia.

Nine of concrete pond with size of 3 length m x 3 wide m x 0.7depth m was used. 11
bucket with volume of 12 L was used for aquaponics where the bucket with volume of 25 L
was used for physical filter. All pond were installed water pump and completed by aeration.
Clearly, the layout of aquaponics design construction was shown in Figure 1.
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Fig. 1. Layout of design construction of aquaponics on Red Tilapia culture
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Red Tilapia with average of 3.37 cm in total length and 2.67 g in body weight was used.
Stocking density was 50 fish m”. Feeding rate was 5% a day biomass-1. Culture period
was 50 days. 20 fish were sampled at the beginning and at the end of the experiment.
Vegetable plant species was Pakcoi and Caisin. The substrate of aquaponics were lime



E3S Web of Conferences 47, 02006 (2018) https://doi.org/10.1051/e3scont/20184702006
SCiFiMa$ 2018

stone with diameter of 4-5 cm, gravel with diameter of 2-3 cm, and fern root. One bucket
was planted by three plants. Parameters observed for fish was survival, growth (absolute
length and absolute weight), and biomass where vegetable parameter observed was biomass
(wet weight). The treatment of this experiment were as followed: A) Red Tilapia cultured
without aquaponic, B) Red Tilapia cultured with Pakcoi, and C) Red Tilapia cultured with
Caisin

Water quality parameter such as dissolved oxygen (DO), pH temperature, total
ammonia (TAN), nitrite, nitrate, and alkalinity were measured using water checker and
analyzed in the laboratory. Water sample was taken at the beginning, in the middle, and at
the end of the experiment.

Data of survival, absolute weight, absolute length, and biomass was calculated using
formula [17, 18] were ass followed:
Survival Rate

SR = (%) x100% ¢))

where: SR = Survival Rate (%)
Nt = Number of fish at the end of experiment
No = Number of fish at the beginning of the experiment

Absolute Length
Pm=1Lt—- Lo (2)
where : Pm = absolute length growth
Lt = length average of individual at day t (cm)
Lo = length average individual at initial day/day 0 (cm)
Absolute Weight Growth
AW = Wt - Wo A3)
where: AW = absolute weight growth
Wt = Weight average of individual at day t (g)
Wo = weight averageof individual at initial day/0 (g)
Biomass:

B=WXN )

Where: B : Biomass
W : weight average (g)
N : number of population (fish)

All data such as survival, growth, and biomass were analyzed using statistic
(ANOVA), except water quality parameters (DO, pH, temperature, TAN, nitrite, nitrate,
and alkalinity) and vegetable biomass using descriptive only. Completed randomized
design with three treatments and three replicates were performed. If there was significant
different among the treatments, Duncan test was performed.
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3 Results and Discussions

Water quality parameters such as dissolved oxygen (DO), pH, temperature, total
ammonia (TAN), nitrite, nitrate, and alkalinity during the Red Tilapia cultured is shown in
Table 1.

Table 1. The range of water quality parameters (Dissolved oxygen, pH, temperature, total ammonia
(TAN), nitrite, nitrate, and alkalinity) during culture period of Red tilapia in aquaponics

system
. Treatments Optimal
Parameters Unit A B C Range
Dissolved mg L > 31920
Oxygen (DO) 3.05-3.87 3.12-4.67 3.08-4.61
pH 6.71-7.34 6.73-7.45 6.72-7.41 6-9"
Temperature | °C 25.8-27.6 25.6-27.2 25.5-27.7 26-30"2"
Total mg L 0.17-3.87*"
Ammonia
(TAN) 0.267-0.582 | 0.052-0.192 | 0.055-0.185
Nitrite mg L 0.02-
0.065-0.183 | 0.011-0.078 | 0.015-0.072 0.12'29
Nitrate mg L | 0.924-5763 | 0.478-3.924 | 0.517-3.586 0.2-2192D
Alkalinity mg L 116.14- 117.22- 116.10- 20-200
158.71 149.84 159.87

Remaks: ' Government regulation No. 82 (2001),”” Cavalcante et al. (2014 ), *” Caldini et al. (2015)

All water quality parameters were within the threshold, except for nitrite was slightly
beyond the optimal range for Tilapia culture (Table 1). However, the water quality
parameters at Red Tilapia cultured using aquaponics whether Pakcoy or Caisin showed the
lowest than that of Red Tilapia cultured without aquaponics. This imply that Pakcoy and
Caisin are great efficient for reducing the waste, especially total ammonia, nitrate, and
nitrite. Some of studies have been reported that the aquaponics system can reduce the total
nitrogen was 30,6% [22], 25% [23], 40,32 % [24], 78,3% [25], and 41,5% [26]. The
different result that had been reported caused by different fish species, feeding
management, design construction, retention times, and plant species affect the different
removal efficient [4]. The optimum range such as temperature (16-30 °C), pH (5.5-7.5),
ammonia (<30). Nitrite (<1), nitrate (-), and dissolved oxygen (>3) for plant growth have
been reported [27]. The present experiment shows that all water quality parameters are
within the optimal range for plant grows.

The survival, absolute weight, absolute length, and biomass of Red tilapia cultured in
without aquaponincs and aquaponics system and also biomass of Pakcoy and Caisin is
shown in Figure 2.
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Fig 2. Survival, Absolute length, absolute weight, and biomass of Red Tilapia cultured without
aquaponics and with aquaponics system and biomass of Pakcoy and Caisin
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Survival, absolute weight, absolute length, and biomass of Red Tilapia was the higher
than that of Red tilapia cultured without aquaponics system (P<0.05) but no significantly
different (P>0.05) Red Tilapia cultured in aquaponics using Pakcoy and Caisin (Figure 2).
This indicated that aquaponics system affect the survival, absolute weight, absolute length,
and biomass. Low in survival, growth, and biomass might be caused by water quality. As
mentioned above (Table 1) that water quality of Red Tilapia cultured without aquaponic
system showed poor water, especially nitrite concentration. Water quality is very important
in aquaculture as a limiting factor. Nitrite are toxic to fish and influence on fish growth in
sub-lethal concentration [28, 29].

4 Conclusion

Red tilapia reared in aquaponics system was better than that of without aquaponics in
term of survival, absolute weight, absolute length, biomass, and water quality (total
ammonia, nitrite, and nitrate). The biomass both of Pakcoy and caisin are the same.

Reference

1. D. M. S. D. El-Saidy, and M. M. A. Gaber,. Effects of dietary protein levels and
feeding rates on growth performance, production traits and body composition of Nile
tilapia, Oreochromis niloticus (L) culture in concrete tanks. Aquaculture Research, 36:
163-171 (2005)

2. E.D. P. Maia, G. A. Modesto, L. O. Brito, A. O. Galves, T. C. V. Gesteira. Intensive
culture system of Litopenaeus vannamei in commercial ponds with zero water
exchange and addition of molasses and probiotics. Revista de Biologia Marina y
Oceanografia, 51(1): 61-67 (2016)

3. C. C. Alceste. Alternative protein sources in tilapia feed formulation. Aquaculture
Magazine, 26 (4) : 3-6 (2000)

4. E. Setiadi, L. Setijaningsih. Improving water quality and productivity of Nile tilapia
(Oreochromis niloticus) using constructed wetland. Indonesian Aquaculture Journal,
6(2): 107-122 (2011)

5. L. C. Nwana. Risk management in aquaculture by controlled feeding regime. Pakistan
Journal of Nutrition, 2(6): 324-328 (2003)

6. E. Kerepeczki, D. Gal, F. Pekar. Studies on the utilization of discharged nutrients from
an intensive fish production plant. In Proceedings of the 10™ International Symposium
on Nutrition and Feeding in Fish, Rhodes Greece, 236 (2002)

7. V. Voslarova, V. Pistecova, Z. Svobodova, 1. Bedanova. Nitrite toxicity to Danio rerio;
Effects of subchronic exposure on fish growth. Acta Vet. BRNO, 77:445-460 (2008)

8. H. H. Abbas. Acute toxicity of ammonia to common carp fingerlings (Cyprinus carpio)
at different pH levels. Pakistan J. Bio. Sci. 9 (12): 2215- 2221 (2006)



E3S Web of Conferences 47, 02006 (2018) https://doi.org/10.1051/e3sconf/20184702006
SCiFiMaS 2018

9. A. C. Karasubenlu, G. I. K. Koksal. The Acute Toxicity of Ammonia on Tilapia
(Oreochromis niloticus L.) Larvae and Fingerlings. Turk J. Vet. Anim. Sci. 29: 339-
344 (2005)

10. I. Taufik, Sutrisno , E. Setiadi. Intensive culture of BEST Nile tilapia in deep pond.
Prosiding Forum Inovasi Teknologi Akuakultur, Research and Development Center for
Aquaculture, Jakarta, 2: 531-538 (2011)

11. J. J. Danaher, J. H. Tidwell, S. D. Coyle, S. Dasguta. Effects of Two Densities of
Caged Monosex Nile tilapia, Oreochromis niloticus, on Water Quality, Phytoplankton
Populations, and Production When Polycultured with Macrobrachium rosenbergii in
Temperate Ponds. Journal of the World Aquaculture Society, 38(3): 367-382 (2007)

12. M. Marceli, D. Santos, W. C. Valenti. Production of Nile tilapia Oreochromis niloticus
and Freshwater Prawn Macrobrachium rosenbergii Stocked at Different Densities in
Polyculture Systems in Brazil. Journal of the World Aquaculture, 33 (3): 369-376
(2002)

13. M. H. Mohamed, N. A. G. A. Refat. Pathological Evaluation of Probiotic, Bacillus
Subtilis, against Flavobacterium columnare in Tilapia Nilotica (Oreochromis
Niloticus) Fish in Sharkia Governorate, Egypt. Journal of American Science, 7(2): 244-
256 (2011)

14. 1. Taufik. Culture of Nile tilapia (Oreochromis niloticus) fingerling with aquaponic
system at different locations. Forum Inovasi Teknologi Akuakultur, Ujung Pandang.
(2012)

15. Nuryadi, E. Setiadi. Catfish (Clarias sp) seed production Using Phytoremediation
System. Forum Inovasi Teknologi Akuakultur, Ujung Pandang. (2012)

16. E. Setiadi. Kleinschlige aquaponics voor voedselzekerheid in Indonesia. Aquaculture,
3:34-37.(2017)

17. S. Goddard. Feed Management in Intensive Aquaculture. New York (UK): Chapman
and Hall. 174 (1996)

18. H. Effendi. Telaah Kualitas Air Bagi Pengelola Sumber Daya dan Lingkungan
Perairan. Kanasius: Yogyakarta (2003)

19. Government Regulation. Government Regulation of Republic of Indonesia Number 82.
Water quality management and Water pollution protection. Jakarta (ID): Sekretariat
Negara. 46 (2001)

20. D. D. H. Cavalcante, N. N. Caldini, J. L. S. da Silva, F. R. D. S. Lima, M. V. Docarmo.
Imbalance in the hardness/alkalinity ratio of water and Nila tilapia’s growth
performance. Acta Scientiarum, Technology, 36 (1):49-54 (2014)

21. N.N. Caldini, D. D. H. Cavalcante, P. R. N. R. Filho, M. V. Docarmo. Feding Nile
Tilapia with artificial diet and dried bioflocs biomass. Acta Scientiarium. Animal
Sciences, 37(4):335-341 (2015).



E3S Web of Conferences 47, 02006 (2018) https://doi.org/10.1051/e3sconf/20184702006
SCiFiMa$S 2018

22. 1. Wenxiang, L. Zhongjie. In situ nutrient removal from aquaculture wastewater by
aquatic vegetable Ipomoea aquatica on floating beds. Water science and technology,
59,1937-1943 (2009)

23. Y. Shimoda, M. Takagaki, P. Thongbai, K. Ohyama, and K. Ozawa. Improving water
quality by using plants with water convolvulus (l[pomoea aquatica FORSK.) as a
model. International Society for Horticultural Science (2005)

24. X. Zhou, J. Wang, L. Xue, X. Xu, L. Yang. N and P removal characters of eutrophic
water body under planted float. Water Res. 16(11); 219-223 (2005)

25. A. Enduta, A. Jusohb, N. Alib, W. N. S. Wan Nikc, A. Hassand. Effect of flow rate on
water quality parameters and plant growth of water spinach (lpomoea aquatica) in an
aquaponic recirculating system. Desalination and Water Treatment, 5: 19-28 (2009)

26. H. Hum, S. Aoy, X. E. Yang, Q. Lit. Treating eutrophic water for nutrient reduction
using an aquatic macrophyte ([pomoea aquatica Forsskal) in a deep flow technique
sistim. Aquaculture, 95, 607-615 (2008)

27. H. Y. Yildiz, L. Robaina, J. Pirhonen, E. Mente, D. Dominguez, G. Parisi. Fish
Welfare in Aquaponic System: its Relation to Water Quality with an Emphasis on feed
and Faeces. Water. 9(13): 1-17 (2017)

28. P. Dolezelova, S. Macova, V. Pistekova, Z. Svobodova, I. Bedanova, E. Voslarova.
Nitrite toxicity assessment in Danio rerio and Poecilia reticulata. ACTA VET. BRNO,
80:309-312 (2011).

29. W. Yanbo, Z. Wenju, L. Weifen, X. Ziong. Acute toxicity of nitrite on tilapia
(Oreochromis niloticus) at different external chloride concentrations. Fish Physiol.
Biochem. 32(1):49-54 (2006)



