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ABSTRACT    

A 60-day experiment was conducted to optimize fish and plant component ratio in a recirculating aquaponic system. 

Three different fish: plant component ratio of Rohu (Labeo rohita) spawn to Spinach (Spinacia oleracea) plant viz. T1 

(40 spawn:10 plants), T2 (40 spawn:14 plants) and T3 (40 spawn:18 plants) were assigned as treatments. All the 

treatments were compared for fish growth, plant growth, and various water quality parameters were observed to 

determine the best component ratio which maintains better water quality and gives better growth. Among all the 

treatments, the higher growth rate of fish was observed in T2 (5.08±0.12) followed by treatment T3>T2>C. At the end, 

the total production of spinach in terms of weight was 508.10±8.89 g in T2 followed by treatments T3 and T1. Based on 

the results, the fish: plants component ratio of 40 spawn:14 plants can be recommended for production of rohu seed and 

spinach in recirculating aquaponic system.

Keywords: Rohu; Spinach; Aquaponic system; Component ratio.
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INTRODUCTION

Livelihood mainly depends on agriculture and it is the only “practice” on the earth that keeps humans alive (Pretty, 

1999). Aquaculture practices can influence in enhancing and contributing to food and nutrient status of people at 

different levels from household to community and national levels (Filipski and Belton, 2018). However, aquaculture 

practice may be a supplementary activity for generating extra income and food, in addition to scheme for diversification 

(Bous, 2000). An integrated approach of combining aquaculture and agriculture activities go hand in hand to help in 

improving the output of both the crops. For producing agriculture and aquaculture crops, the availability of quality 

water and land are the two most crucial determinants for sustainable aquaculture in future. But, day by day, these 

resources are depleting due to agriculture uptake resulting into the scarcity of water (NFDB, 2009). In addition to this, 

aquaculture practices are utilising huge quantity of water resources and also polluting the natural aquatic ecosystems by 

discharging the aquaculture wastes like feed derived wastes mainly from intensive aquaculture system; and thus, 

increase the conflict with other stake holders. Therefore, aquaponics could be one of the solutions to save both water 

and land. Aquaponics can be referred as combination of recirculating aquaculture with hydroponics in a symbiotic 

production system (Rakocy et al., 2006; Endut et al., 2010; Thomas et al., 2019). Aquaponics involves natural processes 

like biological oxidation of ammonia (nitrification) and phytoremediation (Fronte et al., 2016; Nuwansi et al., 2019). In 

an aquaponic system, due to a balance between generation and removal of nutrients, the need for monitoring of water 

quality can be minimized. Nutrients which are released by the fish through excretion and microbial breakdown of 

organic waste mainly from the feed waste consist of nitrogen (N). About 70-80% of nutrients and moisture are taken-up 
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by plants as for their growth and help in purification of water in which fish live (Krom et al., 1995). Compared to 

conventional aquaculture systems, in aquaponics microbial activity helps in formation of sustainability ecosystem in 

which healthy fish and plants bloom with less water and space and thereby eliminating the production of waste water 

and contaminants (Harry et al., 2014). Endut et al. (2010) demonstrated that the optimum conditions like with hydraulic 

loading rate, plants to fish ratio, oxygen levels, and water temperature are vital to enhance the production of fish and 

plant and help in recovery of nutrients to minimize water exchange in RAS system.

+
Inorganic nitrogen in the form of ammonium (NH ) is the major nutrient absorbed by the roots of higher plants (Vaillant 4

et al., 2004). Hence, the nitrification process for removal of ammonia has little significance when sufficient plants are 

present in the aquaponic systems. In aquaponics, the fish-to-plant component proportion is an important consideration 

for a balanced production system through nutrient uptake and production of plant biomass (Shete et al., 2015; Nuwansi 

et al., 2017). The different component ration of fish and plant can change the nutrient status of an aquaponic system 

(Rakocy et al., 2006). To improve the effectiveness of the aquaponic system, it must be sized correctly in order to 

maintain a proper balance between nutrient production and uptake by the plant component. Insufficient quantity of 

nutrients from fish will result in slow growth of plants. The large area of plant inspite of providing better water quality 

slows down the growth production of plants (Buzby and Lin, 2014). Therefore, maintaining proper fish and plant ratio 

is important in aquaponics. 

Indian fish farming mainly depends on carps which contribute about 85% of the total fish production (Laxmappa, 

2014). In India, rohu (Labeo rohita) is highly preferred carp species and commands a higher price in the market. 

Spinach (Spinacia oleracea) is the perennial leafy vegetable cultivated across the globe in conventional agriculture and 

hydroponic systems. Due to the presence of high levels of vitamins, minerals, protein, and omega-3, spinach is highly 

nutritious and has many health benefits (Avsar, 2011). Owing to its fast growth and rich nutritional values, Spinach is 

highly preferred vegetables for cultivation in aquaponic systems (Petrea et al., 2013). The main aim of this study was to 

determine the optimum fish and plant component ratio in an aquaponic system for production of seed of rohu and 

spinach in gravel bed hydroponic system.

MATERIALS AND METHODS

The experiment was designed and setup in the aquaponic shed at ICAR-CIFE, Powerkheda Centre. The system 

comprised of 12 individual and identical aquaponic units for replication of treatments. The aquaponic unit consisted of 

a fish tank, one gravel-bed hydroponic unit, a submersible water pump with accessories for pumping water etc. 

recirculation of water from fish culture tank to hydroponic tank was done using a network of PVC pipes (Fig. 1). Fish 

tanks consisted of circular tubs of 65 l capacity each. For experimental purpose, the water volume maintained in the 

tanks was 60 l. A submersible water pump (Sobo WP1650 1500 l/h at 1.5 m head) was installed in fish tank for water 

circulation. PVC pipes having 15 mm diameter were used for circulation the water in the entire system. Halves of 

HDPE barrel each having size of 91 ×57 cm with a depth of 29.4 cm was used as hydroponic tank. Stone aggregates of 

particle size 5 to 15 mm were filled in the hydroponic tanks. A submersible pump installed in the fish tank pumped the 

water to hydroponic tank and returned to fish tank under gravity through 15 mm diameter PVC pipes.
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L. rohita spawn were collected from the hatchery located at the experimental site. After discarding the dead and weak 

ones, spawns were transferred to round FRP tanks provided with continuous aeration and acclimatized to the 

experimental site condition. The day one feeding was solely plankton in addition to the artificial pelleted feed 

containing 32% protein as per satiation of fish. The experiment consisted of 3 treatments with each treatment having 

three replicates. Different fish to plant component ratio of 40 spawns:10 plants, 40 spawns:14 plants, and 40 spawns:18 

plants were taken as three treatments T1, T2, and T3 respectively. Control unit in triplicate comprised of 40 spawns and 

no plants in 60 l plastic tub. Plants were transplanted to experimental grow-bed after growing seedlings in coco pit at 
2

three different stocking densities of  20, 28, and 36 plants/ m  respectively. 

Commercial feed containing 32% protein was supplied to spawn @ 6 to 10% of body weight twice a day (10.00 am and 

5.00 pm). Sampling was done twice to assess the growth of spawn. The quantum of daily feed was calculated based on 

the body weight of fish while the length of fish was measured with the help of a graduated ruler; the weight was recorded 

using digital weighing balance. Cutting of plants was done thrice by measuring the height and weight of plants. The 

physio-chemical parameters of water quality viz. pH, temperature, dissolved oxygen, total hardness, total alkalinity, 
+ammonia (NH ), nitrite, and nitrate were analysed on weekly basis using the standard methods (APHA, 2005). The data 4

were analysed using statistical package SPSS version 16 in which one way ANOVA and Duncan's multiple range test 

were performed at significance level of 95% (p<0.05) confidence limit to know the significant difference between the 

treatments for different parameters.
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RESULTS AND DISCUSSION

Water Quality Parameters
The physio-chemical parameters of water quality observed during experiment are presented in Table 1. Temperature of 

water during the study period was found to be in acceptable limits to Labeo rohita and spinach (22.84 to 24.26⁰C) and 

pH of the water was in the range of 7.76-8.01 which is optimum for fish, plant, and growth of nitrifying bacteria. The 

optimum pH range for nitrification is 7.0 to 9.0 (Chen et al., 2006). The dissolved oxygen in the water was in the range of 

6.35 to 6.62 mg/l which is optimum for growth of fish, plant, and nitrifiers. Dissolved oxygen concentrations above 5 

mg/l are required for optimum growth of warm water fish (Masser et al., 1999).  Rakocy et al. (2006) and Shete et al. 

(2017) stressed the need for maintaining high DO levels in aquaponics for better health of roots. Goto et al. (1996) 

reported that low DO level may hinder the nitrification process and low nitrate production which can directly impact the 

plant growth. Total alkalinity and total hardness levels were found to be within the prescribed range for fish and plant 

culture in an aquaponic system. The alkalinity values ranged from 248.28 to 256.26 mg/l. Suitable alkalinity range for 

aquaculture is 20–300 mg/l (Buttner et al., 1993). Total hardness of the water was found to be lower in the control group 

than the treatment groups; however, all the values were within the acceptable limits levels for the culture of rohu. 

Hardness values ranged from 254.06 to 263.75 mg/l. In most waters, bicarbonate and carbonate ions are principal 

buffers used to control sudden fluctuations in water pH. Ammonia was significantly higher in control groups than the 

treatments. High levels of ammonia in control were also observed by Hussain et al. (2015) and Nuwansi et al. (2016) in 

an aquaponic system. Among the treatments, T3 showed comparatively higher ammonia level than T2 and T1. 

Hussain et al. (2014) also observed higher ammonia levels in an aquaponic system when fish were stocked at high 

density. Total Ammonia Nitrogen (TAN) varied in the range of 0.09-0.18 mg/l throughout the experiment. The 

concentration of ammonia in a recirculating aquaculture system should be less than 1.00 mg/l (Nijhof and Bovendeur, 

1990; van Rijn and Rivera, 1990). Even after daily water exchange in the control tanks, the TAN values were higher 

than that of the treatment tanks which shows the filtration efficiency of the aquaponic system. Seawright et al. (1998) 

recorded a linear relation between ammonia production rates of nitrification in culture systems with higher stocking 

densities. Nitrite values were ranged from 0.059 to 0.079 mg/l. Nitrate values were ranged from 2.75 to 5.34 mg/l 

including in the control. While ammonia and nitrite-N are highly toxic to fish, the nitrate is relatively less toxic and is the 

most preferred form of nitrogen for the growth of higher plants (Rakocy et al., 2006). Verhagen et al. (1995) reported 

that plant roots are more competitive for ammonium than the oxidizing bacterial species (Nitrosomonas europaea).

Table 1. Water quality parameters observed during the experimental period

Treatment C T1 T2 T3 

Temperature (oC) 22.84±0.73a 23.88±0.62a 24.26±0.65a 24.25±0.58a 

pH 8.01±0.04a 7.88±0.08a 7.86±0.09a 7.76±0.11a 

DO (mg/l) 6.62±0.08a 6.52±0.05a 6.46±0.11a 6.35±0.08a 

Alkalinity (mg/l) 256.26±4.25a 248.28±6.87a 249.52±5.95a 252.54±5.48a 

Hardness (mg/l) 254.06±1.46a 258.65±2.48ab 262.84±3.05b 263.75±3.25b 

Ammonia (mg/l) 0.18±0.03b 0.09±0.02a 0.11±0.02ba 0.09±0.02ba 

Nitrite (mg/l) 0.079±0.02a 0.059±0.04a 0.064±0.03a 0.071±0.02a 

Nitrate (mg/l)) 5.34±0.94b 2.75±0.48a 3.39±0.58ba 4.32±0.66ba 

Mean values with same superscript did not show any significant difference (p>0.05). 
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Fish Growth Parameters

The growth performance of rohu in three treatments is presented in Table 2. Total weight and length gain in the spawn of 
rohu was higher in control. Among the treatments, T2 (40 spawn: 14 spinach) showed higher weight and length gain as 
compared to other treatments. The lowest yield was observed in control C (40 spawn without plants) and it could be due 
to the high level of ammonia present in the culture water specifying the absence of nitrification. The gravels used in the 
aquaponics bed acted as biofilter media providing large surface for the growth of nitrifiers (Crab et al., 2007). The 
increased growth of fish was observed in treatments with higher plant density as more plants provided better 
biofiltration and better water quality. Atle et al. (2003), Lemarie et al. (2004) and Sten et al. (2004) reported decreased 
growth rate of fish with increase in ammonia concentrations. The feed intake capacity and feed conversion efficiency 
are reduced in culture systems with increased ammonia levels (Schram et al., 2010). 

Plant Growth Parameters

Weight of spinach recorded in different treatments is presented in Table 3. In fish culture systems, only a small 

proportion (25-30%) of the feed is converted to useable energy (Rakocy et al., 1993). The balance of nutrients is 

excreted in the form of solid and dissolved fractions. In recirculating aquaculture systems, with high feeding rates and 

low water exchange, the dissolved nutrients accumulate to the levels of hydroponic nutrient solutions (Endut et al., 

2010). The culture systems with higher stocking density of fish cause high accumulation of fish excreta and metabolic 

wastes leading to significantly higher concentration of nitrogen compounds (Jha and Barat, 2005). The feed supplied to 

fish on daily basis produce nutrients and the dissolved nutrients are subsequently used by the plants for their growth. 

According to Rakocy et al. (2004), aquaculture wastes supply most of the nutrients required by plants if the optimum 

ratio of daily feed input and plant growing area is maintained. 

Lennard and Leonard (2006) reported 90.9% removal of nitrate using gravel bed as biofilter media for production of 

lettuce in an aquaponics system. Therefore, gravel bed hydroponic sub-system was used during the aquaponic study for 

growing lemongrass. Plant growth is an important criteria to correlate the efficiency of an aquaponic recirculation 

system. Fish growth and plant growth were affected by different fish: plant component ratios. In terms of plant growth, 

T2 (40 spawns: 14 plants) showed better performance than T3 and T1. Lower growth performance of plant in T1 could 

be due to less nutrients. Higher plant growth was observed in T2 which was stocked with more number of fish. Hussain 

et al. (2014) reported that the plant production increased with increase in fish ratio due to increase in the availability of 

nutrients.

Table 2. Length (cm) and weight (g) of fish in different treatments  
 

Treatment 
45th day 60th day  

Length (cm) Weight (g) Length (cm) Weight (g) 

C (40 carp spawn) 0.54±0.01a 2.76±0.03a 0.97±0.56a 3.81±0.06a 

T1 (40 spawn: 10 spinach) 0.77±0.07b 3.68±0.15bc 1.68±0.049c 5.04±0.10c 

T2 (40 spawn: 14 spinach) 0.88±02b 4.07±0.12c 1.78±0.049c 5.08±0.12c 

T3 (40 spawn: 18 spinach) 0.78±0.04b 3.53±0.22b 1.31±0.13b 4.57±0.18b 

Mean values with same superscript did not show any significant difference (p>0.05) 
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CONCLUSIONS

In an aquaponic system, production performance of all crops should be considered at optimum levels. The optimum 
component ratio can be determined by a compromise between fish and plant productions and water quality 
maintenance. In the present study of recirculating aquaponic system of rohu spawn and spinch, optimum performance 
of both the fish and plant was found in T2 (40 spawns of rohu: 14 spinach plants) component ratio. Thus, the component 
ratio of 40:14 (spawn: plant) can be recommended for culture of rohu spawn and spinach in a recirculating aquaponic 
system.
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