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Abstract: An aquaponic system is a recirculating aquaculture 

system (RAS) that incorporate the production of plants without 

soil. These systems raise large quantities of fish in relatively 

small volumes of water by treating the water to remove waste 

products. System reuses the water many times for the production 

of plants. The system has two components: hydroponics and 

aquaculture in which it converts the food as excreta of the fish. 

The excreta dissolved in water fulfill the nutrient requirement of 

plants. The experiment is conducted to test the survival and 

growth of the iridescent shark and balsam plants in an aquaponic 

system. A pilot aquaponic system is developed to examine such 

possibility and sustainability with 1.08 m3 area of water in 

aquaponic component and 1 m2 for plant growth. The 

hydroponic component is used as a plant bio-filter. In the 

hydroponic component, the coarse aggregate of 0.01m is selected 

to support the plants. Coconut husk and sand particle layers of 

0.03m and 0.06m are used for the growth and development of 

nitrifying bacteria. The aim of the experiment is to test the 

success of the aquaponic system in adverse conditions like the 

unavailability of fresh water for replacement, poor sunlight, 

drastic temperature variations, and minimum D.O. condition. 

The system is examined with only 25% of water replacement after 

45 days and without maintenance of the biofilter. The 

recirculation period of water is varied for every 20 days of the 

span. The impact on environmental factors like D.O., Ammonia, 

Nitrogen, Nitrates, TDS, and pH are studied in experimental 

investigations. The growth of fish is steady, and no death is 

observed during the experimentation. The experimental 

investigation proves that water can successfully be recirculated 

and reused for the growth of iridescent shark and balsam plants 

with a minimum replacement of water for once in 70 days. 

Index Terms: Aquaponics, ANOVA,recirculation,TAN. 

I. INTRODUCTION 

India has a coastline of 7,517 km and offers a huge 

potential for aquaculture development. The country has an 

extensive river and canal system which consists of 14 major, 

44 medium and numerous small rivers along with the 

streams. Pond and tank resources are estimated at 2.36 

million ha[1]. The 73% of the Indian Sunderbans population 

is directly or indirectly depends on aquaculture [2]. The 

river Ganga flows through the Bay of Bengal and formed 

the Indian Sunderban Mangrove ecosystem. It is the 

UNESCO World Heritage site and spans an area of 9630 sq. 

km comprising 56 islands [2]. It is mentioned by World 

bank that 16% of animal protein is consumed globally and 

this hunger will go up with per capita income in rise [3]. 
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India ranks second with 4.2 million out of 66 million tonnes 

of global fish production [4]. It is evident that the need of 

sustainable food production is constantly expanding in India 

and hence a cost effective food production technology like 

aquaponics need to be adopted. An aquaponic system 

combines aquaculture and hydroponics is a recirculating 

production technique and a promising solution to the 

emerging problems of limiting water source ad the 

consequent effects [5],[6]. It's an integrated system of 

aquaculture and plant production [7]. A systematic and 

dynamic interaction of fish, nitrifying bacteria and plant 

takes place in aquaponic systems [8]. It minimizes the need 

of micronutrients and macronutrients needed for the growth 

of plants [8]. The basic principal behind a successful 

aquaponic system is the nutrient rich water with enough 

dissolved oxygen for fish health and the cost effective water 

quality maintanance [10], [6]. Several experimental methods 

were carried out to optimize the AP systems for sustainable 

fish and crop production [7]. Three most common methods 

are nutrient film method (NFT), media based method and 

deep water culture (DWC) method [13]. 

A. Effect of ammonia in aquaponic system. 

The mechanism of aquaponic system is to recycle the 

nutrient rich effluent generated from an aquaculture unit in 

the hydroponic unit where, the essential nutrients are taken 

up by the plants for the growth. By absorbing the nutrients, 

plants prevent their accumulation by acting as a natural 

biofilter and extending the use of water returning to 

aquaculture unit [11]. Nitrogen is one of the major nutrient 

required for plant growth and living organisms because it is 

a component of deoxyribonucleic acid (DNA), ribonucleic 

acid (RNA), amino acids and proteins. The fish feed in 

aquaponic system is the major source of nitrogen which is 

excreted by fish in the form of ammonia nitrogen [12]. 

Ammonia (NH3) is produced by fish in the liver and 

excreted into the water by gills, which consists of two 

components NH3 and NH4+ [13]. They are called as total 

ammonia nitrogen (TAN) in aquaculture. Being very soluble 

in water and can diffuse easily in cell membranes, it is 

converted to NH4+ in cell membranes at lower pH [14]. 

NH3 is toxic to fish when high in concentrations, but it is 

oxidized by nitrifying bacteria (Nitrosomonas) into nitrite 

(NO2-) and again into nitrate (NO3) by a second type of 

bacteria (Nitrobacter) which can be easily absorbed by  
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plants [15]. With an accumulation of these elements in RAS, 

the health and development of the species under culture are 

at risk. The increased levels of ammonia mainly affect the 

central nervous system which is further followed by 

ammonia intoxication and death [13]. The excessive 

ammonia can cause extensive damage to tissues, damage to 

gills and kidney, decreased resistance to disease, impared 

growth and death. Therefor to reduce these wastes, the main 

component in RAS is a biofilter [16]. 

B. Significance of Biofilter and plants in aquaponics. 

A biofilter is in simple words, is a place for the bacteria to 

colonize and in RAS it is a vital part as the water runs 

through it and ammonia is converted to nitrite and nitrates 

[17]. Biofilters were successfully used in air, water and 

wastewater treatment since their first introduction in 1893 in 

England, as trickling filters to treat wastewater [31]. Since 

then, they have been successfully used for the treatment of 

domestic and industrial wastewater. For contaminant 

removal in wastewater treatment, plant uptake is one of the 

widely recognized and practiced biological process. [20]. In 

constructed wetland systems, Ammonia nitrogen removal 

efficiencies of 86% to 98% were reported [21]. In 

hydroponic plant production systems, the nutrient removal 

rates of nitrogen are depending on the effluent flow rate and 

plant numbers [22]. For ammonium, plant roots were found 

more competitive than the ammonia oxidizing bacterial 

species Nitrosomonas europaea [23]. When sufficient plants 

are present in aquaponic systems, there will be less reliance 

on biofilters for ammonia removal. More work needs to be 

done to understand the relationships between biological and 

hydrological factors for optimization of aquaponic systems 

[24]. Nile Tilapia (Oreochromis niloticus) is a common fish 

species in aquaponics all across the world as it has a faster 

growth, good meat flavor and a huge market demand [25]. 

There are a variety of plants that can be grown as a part of 

biofilter in aquaponics. Out of those, basil (Ocimum 

basilicum), peppermint (Mentha piperita) and spearmint ( 

Mentha spicata) are the most recommended herbaceous 

plants as they grow fast, their adaptability and their utilities 

in the field of medicinal and aromatic purposes [26]. 

Research findings of basil production integrated to grow 

tilapia and prawn were reported by Rakocy, Shultz, Bailey 

and Thoman (2004). Similarly, mint integrated to tilapia was 

reported by Wahap, Estim, Seok-Kiang and Mustafa (2010). 

Many research findings were reported on the integration of 

various plants to fish species. However, all these research 

activities were mainly carried out with a focus on plant 

production parameters. Aquaponics, which use nitrogen-rich 

wastes as organic fertilizer proved efficient than 

hydroponics, which entirely depends on nutrient 

supplements [7]. Apart from the availability of commercial 

aquaponic systems, the high investments and operation costs 

of RAS is a significant constraint in developing countries. 

[30],[9]. Aquaponic needs low operational costs and high 

profitability to get adopted as an economical food 

production system. [28],[29]. One of the solutions for 

reducing operational cost can be the reduction in the water 

recirculation period. However, a limited research done on 

how water recirculation time affects plant growth and water 

quality parameters. [18].  

This paper represents the results of the experimental 

investigation carried to test the effect of minimum 

recirculation timings and their variations on water quality 

and growth of fish and plant species in a laboratory scale 

aquaponic system.  

II. MATERIALS AND METHOD 

A. Aquaponic system components. 

The experiments were conducted in a pilot scale 

aquaponic system in the laboratory of K. J. College of 

Engineering and Management Rearch, Pune, in Maharashtra 

district, India. The system comprised of two components: 1) 

The fish tank of 1.2m (L) × 1m (B) × 0.9m (H) resulting in 

1.08m3 of volume and 1000 lit capacity, 2) The hydroponic 

component with inbuilt biofilter 0.9m length, 0.26m depth 

and 0.55m diameter. The biofilter is assembled with 5 

layers. The layer at the bottom with coarse aggregates = 

0.1m, coconut husk layer above bottom layer = 0.03 m, third 

layer of sand particles = 0.06 m, again coconut husk layer as 

fourth layer = 0.03 m, and cocopit layer as firth layer = 0.03 

m. To achieve the full cycle of recirculation in 90 minutes, a 

water pump of 18 watts and 2000 rpm capacity was 

provided to aquaponic system. The water travels through the 

biofilter layers of coconut coir and filter media. Coconut 

coir is used in prefilters as an effective medium for the 

removal of sewage and lechate impurities from highly turbid 

waters [32]. For the removal of diverse type of pollutants 

from water, the coconut tree parts such as shell, pith and coir 

are extensively studied as biosorbants [33]. A plastic bottle 

with micropores is fitted at the bottom of the hydroponic 

component for carrying the filtered water back to the fish 

tank through a 20mm PVC pipe.  

B. Iridescent shark. 

Iridescent shark (Pangasianodon hypophthalmus) was 

selected as fish species for aquaculture component. This fish 

is introduced into the habitat of many countries due to its 

commercial trade and economic value. In the USA, Russia 

and in some European Economic areas, it is popular in food 

fish trade [35]. This fish is known to produce large numbers 

of larvae. It is a popular species in aquaculture trade due to 

its large body size, with a maximum standard length 1300 

mm and 44kg weight [35]. The aquaponic system 

implemented for 70 days to investigate the production of 

balsam plant with iridescent shark aquaculture. 

C. Hydroponic plant: Balsam. 

Balsam, (Impatiens balsamina) is selected as plant in 

hydroponic component. The plant contains mainly 

naphthoquinones, coumarins, phenolic acid, flavonoids, 

anthocyanidins and steroids, which can be useful in the 

development of new drug and to treat various diseases with 

their different pharmacological characteristics [34]. Being 

the impatiens native of India, this species has a rich flora 

widely distributed all over the country. Impatiens balsamina 

is commonly known as Gul Mehendi in Hindi language and 

Rose balsam in English. In Kerala, it is locally known as  
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balsam and belongs to the family Balsaminaceae [34]. 

Herbal medicines based drugs are commonly used in India. 

A combination of balsam plant with other herbs is popularly 

used in a bath after childbirth for general health. The 

decoction mixed with onion and fennel flower is consumed 

for aching joints and coughs. The decoction of the leaves is 

antiarrhythmic, expectorant, antispasmodic, astringent, 

antigastralgic and anthelmintic [34]. Therefor balsam plant 

is selected for hydroponic component. 

D. Experimental method. 

The experiment was conducted for 70 days from 

November 1, 2018 to January 10, 2019. The main objective 

of this experiment was to test the success of the system in 

water scarce areas with a poor electricity supply. Therefor 

the experiment was carried to examine the survival and 

growth of fish under low DO conditions and low water 

circulation periods for 70 days. The recirculation period was 

varied once in 20days. For the first 20 days, the period was 

kept 2.5 hr/day (6.6 lit/min). For the next 20 days, it was 

kept 3 hr/day (5.5 lit/min), and for last 20 days, it was kept 2 

hr/day (8.3 lit/min). The hydraulic loading rates (HLR) 

were, 5.5 m/d, 4.5 m/d and 6.9 m/d respectively. The levels 

of pH, TAN, ammonia, Nitrogen, DO and TDS along with 

temperature were recorded once at 10 a.m. every day. The 

activity of fish was observed and recorded as surface 

respirations for the first 14 days of the experiment. Total 20 

fishes present in the tank reacted to the decreasing oxygen 

levels. The fish periodically appeared on the surface level 

for consuming oxygen. The appearances were recorded 

every day and the data was used for statistical analysis 

between circulation periods and surface respiration activity 

of fish. After 14 days, the recirculation was resumed 

according to the planned schedule for further investigations. 

The experiment started with 20 fish of 5cm length. The fish 

were fed with a commercial floating pellet manually twice a 

day at around 9:30 am and 4:30 pm each day. These diets 

contained 32% crude protein, 4% crude fat and 10% 

moisture.The effect of recirculation period on TAN levels 

was tested using one way ANOVA and differences of means 

were evaluated for significance (p=0.05) by a range test of 

Tukey for variences using Minitab statistical software.  

III. RESULTS AND DISCUSSION 

For first five days of experimentation, there was no water 

circulation and the pH, TAN, NH4 levels were recorded. 

The levels increased rapidly and crossed their acceptable 

limits when the circulation was completely stopped. TAN 

level recorded 2.9 ppm. NH4 recorded as 4.3 ppm, DO was 

zero and nitrate concentration was 97 ppm at the end of the 

5th day. The recirculation period was gradually increased till 

the 14th day of the experiment. The system was tested for 

the hypoxic conditions and all the water quality parameters 

were recorded for further analysis. For next 60 days it was 

scheduled to test with variation in recirculation period for 

each 20 days of span. The figure 1 indicates that for first 20 

days, with recirculation period 2.5 hr/day, the TAN levels 

decreased as pH levels raised beyond 7 pH. TAN level 

dropped around 1 ppm when pH level raised around 7.5. 

And the level increased beyond 2 ppm when pH dropped 

below 7. From 21st day, recirculation period was changed to 

3 hr/day and the records were noted. Fig 2 shows the 

progression of TAN curve where it gradually increases for 2 

days and then gradually decreases till 40th day. It indicates 

that the biofilter worked efficiently within that particular 

period. Fig. 3 indicates that, the TAN curve gradually 

increased from 41st day till 60th day. It indicates the 

decreasing efficiency of biofilter during the last 20 days. 

The experiment started with 20 iridescent sharks of 50mm 

(5 cm) lengths. The fish were fed 2% of their body weight. 

The fish grown to 17cm from 5cm length in three months. 

They gain an average body weight of 102 gm and no 

mortality was observed during their growth. The system was 

tested with hypoxic conditions and DO level was below ppm 

most of the time. The ammonia level was above 2 ppm most 

of the time. Under such conditions iridescent survived and 

proved its adoptive strength of surface respiration. Low 

water circulation period didn’t affect the growth of fish. 

However the fish activity was observed to be decreased with 

low DO conditions.  

Table 1 pH and TAN levels with recirculation periods 

Day pH  

DO 

(ppm) 
TAN 

(ppm) 

Ammonia 

(ppm) 

Recirculation 

period 

(hr/day) 

01 7.2 00 1.2 3.3 00 

07 6.7 00 2.6 3.5 00 

10 6.6 1 2.3 2.5 2.5 

30 7.4 1.5 1.5 3.7 2.5 

31 7.4 1.2 1.5 3.5 3 

50 7.5 1.5 1 2 3 

51 7.5 1.5 1 2.1 2 

70 7.5 1 1 3 2 

Table 2. Fish growth 

Day Avg.length (cm) Avg.weight (gm) 

01 5 1.5 

07 5 2.1 

10 5 2.3 

30 8 40 

50 12 70 

70 17 102 

 
Figure 1 variations in pH, TAN and recirculation period 

in first 20 days 
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Figure 2 variations in pH, TAN and recirculation 

periods from 1st to 40th day. 

 

 
Figure 3 Variations in pH, TAN and recirculation 

periods from 41st to 60th day 

 

Table 3. ANOVA for TAN 

Sr. 

No. 
Source DF Adj ss Adj ms 

F-

Value 

P- 

Value 

 Circulation 4 8.151 2.0379 11.73 0.000 

 Error 64 11.117 0.1737   

 Total 68 19.268    

 

The p-value in the table 1 is not more than significance 

level. Therefor there is enough evidence to reject the null 

hypothesis and that there are some of the points having 

different means. Confidence intervals are used to determine 

likely ranges for the differences and to determine whether 

the differences are practically significant. In table 2, the 

results show that circulation no. 1, 3 an 5 do not share a 

letter. It indicates that circulation 1 has significantly higher 

means than 3 and 5. While, circulations 2 and 4 do not share 

a letter and are not statistically significant. Tukey method 

was used for grouping information. 

Table 4. Tukey Simultaneous Tests for Differences of 

Means 

Differen

ce 

of Levels 

Differen

ce 

of 

Means 

SE of 

Differ

ence 

95% CI 
T-

Value 

Adjust

ed 

P-

Value 

0.5 - 0.0 1.000 0.349 
(0.021, 

1.979) 
2.87 0.043 

2.0 - 0.0 -0.541 0.206 
(-1.121, 

0.039) 
-2.62 0.079 

2.5 - 0.0 -0.035 0.208 
(-0.620, 

0.550) 
-0.17 1.000 

3.0 - 0.0 -0.590 0.208 
(-1.175, -

0.005) 
-2.83 0.047 

2.0 - 0.5 -1.541 0.308 
(-2.405, -

0.677) 
-5.01 0.000 

2.5 - 0.5 -1.035 0.309 
(-1.903, -

0.167) 
-3.35 0.012 

3.0 - 0.5 -1.590 0.309 
(-2.458, -

0.722) 
-5.14 0.000 

2.5 - 2.0 0.506 0.129 
(0.144, 

0.867) 
3.93 0.002 

3.0 - 2.0 -0.049 0.129 
(-0.411, 

0.312) 
-0.38 0.995 

3.0 - 2.5 -0.555 0.132 
(-0.925, -

0.185) 
-4.21 0.001 

 

Table 5. Grouping Information Using the Tukey Method 

and 95% Confidence 

 

Circulation N Mean Grouping 

0.5 2 2.900 A       

0.0 5 1.900   B C   

2.5 20 1.865   B     

2.0 22 1.3591     C D 

3.0 20 1.3100       D 

 

The pairs except 2.0 – 0.0, 2.5 – 0.0 and 3.0 – 2.0 have a 

P-value more than the adjusted P value (P >0.05). Therefore, 

these pairs are not statistically significant. And all the pairs 

except the above mentioned pairs are statistically significant 

(P < 0.05). 

Table 6. Model Summary 

 

S R-sq R-sq(adj) R-sq(pred) 

0.416771 42.31% 38.70% 32.97% 

 

Table 4 shows, model summery where the s-value 

indicates the data values of response variables are falling far 

by 0.416771 from the fitted values. This lower value of S 

indicates that the model has a better response. The 

percentage of variation in the response (R2) is 42.31%, 

which is not a bigger one and indicates that this model just 

fits the data but cannot give a better performance. However 

to check how well the model respond the new observations, 

predicted R2 value is checked from table 4. The value is not 

substantially less than the R2 value which indicates that the 

model is not over-fit and can respond better to new 

observations. 

IV. CONCLUSION 

The experimental results indicated that the system can be a 

solution to the water scarce areas where the unavailability of  
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fresh water and poor electricity has badly affected the food 

production. Iridescent shark fish might be the aquaculture, 

which can support plant production in hypoxic conditions 

and survive for longer times. More research is needed on 

iridescent shark aquaculture with different vegetable plants 

which are locally popular as food in India. More 

experimental investigations needed to achieve the optimum 

combination of iridescent shark, Indian vegetable plant and 

low, low rates to test efficiency and cost effectiveness of the 

system.  
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