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‘ ABSTRACT ’ Water is one of the important component in aquaponics system and it plays a vital role in ensuring effectiveness of

working of the system. The present study was conducted to evaluate the quality of water used in the floating raft
aquaponics system for 49 days. The experiment was carried out with the control and two treatments (T 1= Tilapia, and T2= Rohu) with spinach
(Spinacia oleracea) plant. Water temperature, pH, dissolved oxygen, nitrate, nitrite, phosphate and total hardness are among the important water
quality parameters. The result showed variations in water quality parameters that existed in both tanks but these were favourable for the survival
and growth of the fish. The average water quality parameters including water temperature (25°C, 27°C), pH (7.2, 7.3), dissolved oxygen (5.4 mg/1,
5.3 mg/l), nitrate (0.07 mg/1, 0.09 mg/1), nitrite (0.08 mg/1, 0.10 mg/1), phosphate (0.15 mg/1, 0.07 mg/1) and total hardness (266 mg/1, 240 mg/1) in
T, and T, were observed respectively. Therefore, it could be concluded that the whole system was working properly and there was a perfect

symbiosis between fish, microorganisms and plants.
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INTRODUCTION

Aquaponics is a part of the overall agricultural approach known as
integrated agri-aquaculture systems (IAAS) (Gooley and Gavine
2003). Aquaponics is the combination of aquaculture (fish or
crustaceans) and hydroponic plant cultivation (hydroponic vegetables,
flowers, and herbs) in a re-circulating system, utilizing the nutrients
present in the aquaculture effluents to produce plants with commercial
value (Ujjaniaetal., 2021).

Water quality is a very important requirement for aquaculture
production to maintain and produce high-quality profitable products
which will impact human health. As a result, any water quality change
will affect the cultured species' development, growth, reproduction,
and even mortality (Barker et al. 2009). Water quality is the most
important environmental factor in aquaponics because it has a huge
impact on fish health (Ekubo and Abowei, 2011).

Aquaponics fish culture generally requires good water quality
conditions which include dissolved oxygen, carbon dioxide, ammonia,
nitrate, nitrite and pH levels that are within acceptable species-specific
limits (Mancuso, 2013). Many aquaculture operations generally
regulate water quality parameters to identify hazards for welfare risk
assessment. Regular monitoring and recording of critical water quality
parameters are required because sudden changes in fish stocking
density, growth rate, feeding rate or water volume changes can affect
fish physiology, growth rate and feed efficiency, leading to
pathological changes and even mortality under extreme conditions
(Maclntryeetal., 2008).

The aquaponics system was developed to conserve water resources by
controlling water quality, production schedule and fish products
(Endut et al. 2009). Untreated water containing ammonia discharged
into the ecosystem could cause eutrophication and other
environmental problems (Hu et al. 2015). As a result, aquaponics
systems can be used to reduce the effect of inorganic nitrogen
accumulation which can be detrimental to fish growth. Ammonia in the
aquaponics system is converted into nitrite and nitrate by nitrification
bacteria, and nitrate is absorbed by plants as a nutrient (Liang and
Chien, 2013). Furthermore, the plant can be considered as a bio-filter
for the fish in a symbiotic relationship with mutual benefit by
absorbing nutrients from farming waste and reducing ammonia
through the nitrification process (Wahyuningsih etal. 2015).

The primary goal of the current study was to determine and compare
various water parameters between aquaponics and control systems that
might have an impact on fish.

MATERIALSAND METHODS

The study was conducted at the Department of Aquatic Biology
(VNSGU), Surat, for 49 days in a rectangular aquaponics tank with
dimensions of 26” length, 18” width, and 12" depth. The collected fish
was acclimatized and released into an experimental fish tank. Good
and healthy fingerlings were selected for the experiment. In “T,” 16
healthy tilapia fingerlings were stocked, in “T,” healthy rohu
fingerlings were stocked and they were also 16 in number. Similarly,
for the present study Spinach (Spinacia oleracea) was selected. Seeds
were sowed at the garden of the Department of Aquatic Biology,
VNSGU on 1st January 2021. Small-sized plants were grown over a
period of 30 days which is very suitable for aquaponics. The plants
were transferred to Styrofoam sheets on the same day when fish were
stocked in aquaponics tanks.

Water quality parameters are of major concern in hazard identification
for the welfare risk assessment of various aquaculture operations
hence, aquaponics systems are not distinct from aquaculture. For the
welfare of fish in an aquaponics system, water quality is the primary
environmental consideration with the potential to markedly affect fish
health. Fish exist in intimate contact with the water through the huge
surface area of the gills and skin and it is widely acknowledged that fish
are vulnerable to inappropriate water quality (Colt and Tomasso, 2002,
Maclntryeetal., 2008).

The water quality parameters observed were Water temperature (°C),
pH, Dissolved Oxygen (mg/l), Nitrate (mg/l), Nitrite (mg/l),
Phosphate (mg/l) and total hardness (mg/l). Water parameters were
measured weekly following the standard methods as described by
Trivedy and Goel (1986) and APHA (2005).

RESULT AND DISCUSSION

Fish health and production depend on the quality of the water. In Table
(1) and Figure (1), the water physicochemical parameters of the
control and both treatments are mentioned. According to Bhatnagar et
al. (2004), major carp can normally grow at a temperature between 28
and 32°C. Tilapia is usually kept in an aquaponics system at 25.2 to
28.3°C (Nelson, 2008). On the other hand, in the current study, the tank
water temperature ranged from 23.70 to 27.0 °C. The neutral or
slightly alkaline water is the best for aquaculture and fish productivity
(Shah et al., 2022). The water pH was in the 7.20-8.20 range, which is
preferred for the growth of nitrifying bacteria, fish, and plants. The
optimum range of pH for nitrification is between 7.0 and 9.0. (Chen et
al., 2006). According to Ibrahim and Ramzy (2013), Dissolved
Oxygen is a key parameter for identifying different water masses. The
dissolved oxygen in the water ranged from 4.90 to 5.40 mg/l, which is
preferred for the growth of fish, plants, and nitrifiers. Warm water fish
require dissolved oxygen concentrations above 5 mg/l for optimal
growth (Masseretal., 1999).
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Nitrate concentrations ranged from 0.01 to 0.09 mg/l including the
control. While ammonia and nitrite-N are highly toxic to fish, nitrate is
less toxic and is the most preferred form of nitrogen for higher plant
growth (Rakocy et al., 2006). The nitrate concentrations in control and
treatments are partially in line with the findings of Stone and
Thomforde (2004), who concluded that nitrate is relatively nontoxic to
fish and does not pose a threat to health except at extremely high levels
(above 90 mg/L). The highly aerobic, gram-negative,
chemoautotrophic bacteria found naturally in the system are
responsible for the nitrification process, which results in the
intermediate product known as nitrite (Lawson, 1995). The range of
nitrite values recorded was 0.01 mg/1to 0.13 mg/l. According to Swann
(1997), because the conversion rate in aquaponics is quick, the nitrite
level was found to be similar to the permissible limits (0.5 mg/L).

The presence of various ions in water, such as nitrate, phosphate, and
sodium, that are beneficial to plant growth. The minimum and
maximum phosphate value was 0.01 mg/l and 0.15 mg/l in control and
treatments. The hardness ranged from 110 to 266 mg/l. Although the
observed total hardness values were slightly higher than the
recommended values for a fish culture of 75-150 ppm (Bhatnagar and
Devi, 2013).

CONCLUSION

It is concluded that variations in water quality parameters that existed
in control and treatments but these were favourable for the survival and
growth of fish. This new development has mainly been driven forward
by researchers and risk-taking entrepreneurs worldwide but
commercial-oriented production units are emerging with the
participation of industry partners from both the aqua and horticultural
sectors.
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Figure 1: Physical and Chemical parameters of the examined water
samples for control and treatments in floating raft aquaponics system

REFERENCES

1. APHA. (2005). Standard Methods for the Examination of Water and Wastewater. 21st
ed., American Public Health Association/American Water Works Association/Water
Environment Federation, Washington DC.

2. Barker, D., Allan, G.L., Rowland, S.J., Kennedy, J.D. and Pickles, J.M. (2009). A Guide
to Acceptable Procedures and Practices for Aquaculture and Fisheries Research. Third

Edition. Primary Industries (Fisheries) ACEC. Nelson Bay, Australia.

3. Bhatnagar, A. and Devi, P. (2013). Water quality guidelines for the management of pond
fish culture. International Journal of Environmental Science, 3(6): 1980-2009.

4. Bhatnagar, A., Jana, SN., Garg, SK., Patra, BC., Singh, G and Barman, UK. (2004).
Water quality management in aquaculture. CCS Haryana Agricultural University, Hisar
(India). pp. 203-210.

5. Chen, S., Ling, J. and Blancheton, J.P. (2006). Nitrification kinetics of biofilm as affected
by water quality factors. Aquacultural Engineering, 34(3):179-197.

6.  Colt, .LE. and Tomasso, J.R. (2022). Hatchery water supply and treatment. In Fish
Hatchery Management, 2nd ed.; American Fisheries Society: Bethesda, MD, USA.

7. Ekubo, A.A. and Abowei, J.LEN. (2011). Review of some water quality management
principles in culture fisheries. Journal of Applied Sciences Engineering and Technology.
pp 1342-1357.

8. Endut, A., Jusoh, A., Ali, N., Wan Nik., W.N.S., and Hassan, A. (2009). Effect of flow
rate on water quality parameters and plant growth of water spinach (Ipomoea aquatica)
in an aquaponics recirculating system. Desalination and Water Treatment. 5, 19-28.

9. Gooley, G.J., Gavine, F.M. (2003). Integrated agri-aquaculture systems: a resource
handbook for Australian industry development. RIRDC Publication No. 03/012

10.  Hu,Z.,Lee,].W., Chandran, K., Kim, S., Brotto, A.C. and Khanal, S.K. (2015). Effect of
plant species on nitrogen recovery in aquaponics. Bio-resources Technology, 188: 92-
98.

11.  TIbrahim, L.A. and Ramzy, E.M. (2013). Water Quality and its impact on Tilapia zilli
(Case Study) Qarun Lake-Egypt. Int. Water Technology Journal, IWTJ. Vol. 3, No.
4,170-191.

12.  Lawson, T.B. (1995). Fundamentals of Aquacultural Engineering. New York: Chapman
and Hall. Lloyd, R. 1992. Pollution and Freshwater Fish. West Byfleet: Fishing News
Books.

13.  Liang, J.W. and Chien, Y.H., (2013): Effects of feeding frequency and photoperiod on
water quality and crop production in tilapia-water spinach raft aquaponics system.
International Biodeterioration and Biodegradation 85:693-700.

14.  Macltyre, M.C., Ellis, T., North, B.P. and Turnbull, J.F. (2008). The influences of water
quality on the welfare of farmed rainbow trout: A Review. In Fish Welfare, Branson EJ,
Ed. Blackwell Publishing Ltd.: Oxford, UK, 150-178.

15.  Mancuso, M. (2013). Fish welfare in aquaculture. Journal of Aquatic Research and
Development, 4,e107.

16.  Masser, M.P., Rakocy, J. and Losordo, T.M. (1999). Recirculating aquaculture tank
production systems management of recirculating systems. SRAC Publication No. 452,
USDA, pp. 12.

17. Nelson, R. (2008). Aquaponic Food Production. Nelson and Pade, Inc., Montello, W1,
pp.218.

18.  Rakocy, J.E., Masser, M.P. and Losordo, T.M. (2006). Recirculating aquaculture tank
production systems: aquaponics — integrating fish and plant culture. SRAC Publication
No.454.

19.  Shah, N.P,, Patel, S.D., Sanghani, K. and Ujjania, N. C. (2022). Water quality analysis
and aquaculture development in village pond, Navsari, Gujarat, India, Research Journal
of Animal, Veterinary and Fishery Sciences, 10(1), 30-34.

20. Stone N.M., and Thomforde H.K., (2004). Understanding Your Fish Pond Water
Analysis Report. Cooperative Extension Program, the University of Arkansas at Pine
Bluff Aquaculture/ Fisheries, pp.1-4.

21. Swann, L.D., (1997). A Fish Farmer's Guide to Understanding Water Quality,
Aquaculture Extension Illinois, Purdue University, Indiana Sea Grant Program Fact
Sheet AS-503.

22. Trivedy, R.K. and Goel, PK. (1986) Chemical and Biological method for water
pollution studies. Environmental publication, Karad, India, 6: 10-12.

23.  Ujjania, V.K., Sharma B.K. and Ujjania, N.C. (2021). Growth of vegetable plant tomato
(Solanum lycopersicum) cultivated with rohu and tilapia fishes in floating raft
aquaponics system. Journal of Experimental Zoology, India, 26 (2): 1871-1874.

24.  Wahyuningsih, S., Effendi, H., and Wardiatno, Y. (2015). Nitrogen removal of
aquaculture wastewater in an aquaponics recirculation system. Aquaculture, Aquarium,
Conservation and Legislation International Journal of the Bioflux Society AACL
Bioflux 8(4):491-499.

I _INDIAN JOURNAL OF APPLIED RESEARCH | 43




