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         This study determined how stocking density affected water quality, red 
tilapia performance, proximate body composition, and mint performance in 
low-saline aquaponic systems. Experimental systems were stocked with 40 
fish / m3 (low density: LD) and 60 fish/ m3 (high density: HD) three 
replicates each. The experiment lasted for 120 days.  Dissolved Oxygen 

(mg/l) was significantly higher in LD treatment. Water pH was significantly 
(P<0.05) decreased with increasing stocking density. Both Ammonia nor 
Nitrite didn’t affect significantly. Weight gain and specific growth rate% were 
significantly higher in the LD group 150.33 ±8.95 and 1.65 ±0.006, 

respectively as compared with 122.0 ± 3.46 and1.48 ± 0.005 for HD. The 
survival rate% was 92.5%±1.25 and 88.33%±0.98 for LD and HD 
respectively. Total fish biomass in HD units (8.78 Kg. ± 0.24) was 
significantly higher than that in LD (7.18 Kg. ± 0.37). The feed conversion 
ratio was significantly increased with increasing stocking density whereas 

the protein efficiency ratio decreased with stocking density. Individual plant 
fresh weight, plant length, and the number of leaves didn’t differ 
significantly with fish density. Root length significantly declined with fish 
density increasing 60.21±4.79 and 41.18 ± 4.20 cm, respectively. The fish 

body content of moisture, protein, and ash didn’t differ significantly with 
stocking density. Significantly lower fish body fat content was found in HD 
group 
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1. INTRODUCTION  

 

More stresses on the natural resources including land, 
water and nutrients become ever greater than before. 
There is an important need to find alternative, 
sustainable and reliable systems to provide food 

(Goddek et al., 2019).  
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Aquaculture intensification is critical for food 

safety and security to meet the dramatically 

increase in the world population (Tidwell, 

2012). Keeping of desirable water quality 

profile for high growth performance of fish 

remains a noteworthy challenge for 

aquaculture scientists  (Rakocy et al., 2006; 

FAO, 2018).Optimization of growth conditions 

for both fish and plants is the biggest challenge 
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in order to achieve profitability (Delaide et al, 

2016). Goddek and Keesman (2018) reported 

that optimum conditions can be better obtained 

in aquaponics systems because they are based 

on independent recirculating cycles that can 

enhance macro and micro-nutrient recovery and 

bioavailability with optimized water consumption. 

Aquaponics, a combination of fish culture and 

soilless plant farming, is increasing in popularity 

and earning attention as an important and 

potentially more sustainable system for food 

production (Love et al., 2014).   

Many fish species can be optimally reared in 

aquaponic systems as they meet with the culture 

requirements of fresh, brackish, and marine water 

environments. These include species like African 

catfish Clarias gariepinus (Baβmann et al., 

2020), carps Cyprinus carpio (Filep et al., 2016), 

Tilapia Oreochromis niloticus (Rakocy et al., 

2004). Nile tilapia Oreochromis genus, is the most 

commonly known of all tilapia species to be 

integrated with hydroponic system including 

herbs, fruits, and vegetables (Selek et al., 2017). 

Growth performance of Florida red tilapia was 

reported to be better in brackish and seawater 

than in freshwater (Watanabe et al., 1988). In 

addition to improving growth rates, rearing in 

brackish water or seawater could minimize the 

usage of limited supplies of freshwater (Uchida 

and Ring, 1962).  

Harley et al., (1977) reported that the wild mint 

(Mentha longifolia L. family Lamiaceae) grows 

widely in Mediterranean regions, Europe, 

Australia and North Africa. The plant is a versatile 

perennial with a peppermint fragrance. Mint has 

been shown to be the source of 75% natural 

menthol, toothpaste, mouth washes and 

pharmaceutical manufacturing. The leaves 

contain 0.2% of essential oil used for human 

consumption, especially in the manufacture of 

teas and condiments, antiseptic, anesthetic, 

diaphoretic, carminative, febrifugal properties, 

stomach cancers, rheumatism, cough, 

rheumatism. In addition, studies of Mimica-Dukić 

et al. (2003) and Neda, et al. (2003) showed that 

plants of the genus Mentha have significant 

antimicrobial effects. 

Utilization of the low saline water resources 

represents one from the most important 

prospects. Few studies were conducted on the 

low saline aquaponic systems which may 

provide an appropriate application for the usage 

of such environment. The current study aims to 

investigate the performance of hybrid Red 

tilapia and Mint in a combined aquaponic 

system using different stocking densities. 

2. MATERIALS and METHODS 

2.1Study location and duration         

The experiment was conducted in the 

aquaponics unit, Faculty of Fish Resources, 

Suez University, Suez Government, Egypt. The 

experiment was lasted from June to September 

2021 (120 days).  

2.2 Experimental design 

Six aquaponic systems were involved in the 

study. Two levels of fish stocking density were 

allocated: 40 (low density; LD) and 60 (high 

density; HD) / m3, each with three replicates.  

Each aquaponic system was consisted of fish 

tank with a total volume of 1000 Liter which 

discharged in settling tank with a volume of 220 

L, which was used as mechanical filter. 

Biological filtration was achieved using 220 L 

plastic tank filled with media (white plastic bio-

ball), bio-ball dimensions was 25x12 mm, made 

from HDPE with a specific surface area 600 m2/ 

m3. As the water volume increased in the 

biofilter tank, water was delivered to deep-water 

hydroponic unit through an outlet pipe by 

gravity. Deep-water hydroponic culture volume 

was 500 L tank with floating rafts made from 

styrofoam sheets with holes which fitted by net 

pots. Hydroponic unit was discharged on a 

sump tank which contains a submerged water 

pump (Speroni® Q. max 160 min/ L, Head max 

9 m) that recycled the water from the 

hydroponic unit to the fish tank (Said et al., 

2022). Each aquaponics system was one 

experimental unit (Figure 1) 

 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/clarias-gariepinus
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib7
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib7
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib7
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib7
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/mirror-carp
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib20
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib20
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib20
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/tilapia
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/oreochromis-niloticus
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib50
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib50
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib50
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib50
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2.3 Combined system formation: 

Red tilapia (Florida strain) with an average body 

weight of 40 grams were obtained from (GAFRD) 

Fish Hatchery, Alex - Cairo, Egypt. Experimental 

fish were transferred into oxygenated plastic bags 

and were acclimated in the system for 2 weeks. 

Water salinity was adjusted to 5 ppt.  After 

accumulation, fish were stocked in aquaponic 

systems with target stocking densities. 

Mint (Menthe) seedlings were obtained from 

private plant nursery in Cairo, Egypt. Seedlings 

were introduced with a stem length of 7.5-10.8 cm 

and 6.5-10.5 root length. Before planting, each 

plant root was submerged in sterilized water for 

60 seconds and then swilled and cleaned under 

running fresh water. Plants were then randomly 

planted into the floating rafts. Roots in all systems 

were able to access nutrients through the floating 

rafts.  

 

Fig. 1. Scheme of aquaponic system used in 

Suez University Egypt. (FT) fish tank. (MF) 

mechanical filter, (BF) biological filter, and (ST) 

sump tank. 

Aquaponic systems which stocked with 40 fish / 

m3 were implanted with 80 seedlings while in the 

higher density systems (60 fish / m3) each 

hydroponic was established with 120 seedlings. 

Fish to plant ratio was 1:2 (Shete et al., 2015). 

Grip plant holders were used to adjust the plants 

root submerged in the water. 

2.4. Experimental management  

Aquaponic systems were supplied with three air 

blowers (Vortex ® gas pump, Speed 2500 rpm, 

max pressure 36 KPA, max F 250 m3 / h). Air 

blowers were substitutional used. Systems 

aeration was achieved through airline (1 inch 

PVC pipes) which connected to disk diffuser 23 

cm. in each fish tank to ensure consistent air 

delivery. 

Experimental fish were fed three times a day 

with a feeding ratio of 2% from the body weight 

using commercial diet 30 % CP which 

introduced from Grand Fish Feed ® (Table 1). 

The feeding regime was adjusted every two 

weeks according to the mean body weight 

which, derived from reprehensive fish sample. 

Water salinity mean in all tested units during the 

experimental period was 5.03±0.12 ppt. Water 

samples were taken from each system daily to 

measure the temperature, pH, and DO and 

weekly to follow NH3, and NO2. Dissolved 

oxygen (DO) and temperature were measured 

using (HANNA® portable DO meter). Salinity 

was measured using Lovibond Senso Direct 

Con200 conductivity / TDS/ salinity meter. The 

pH level was recorded with (HANNA 

Microprocessor pH meter), ammonia with 

(Lovibond® MD 100 Ammonia) and Nitrite with 

API® KITS. 

 

Table1. Proximate analysis of experimental 

feed. 

 

Nutrient CP. EE CF 
Total 

Ash 
Moisture 

% 31.2 6.9 4.6 5.9 8.8 

CP crude protein, EE ether extract, and CF crude fiber. 

 

2.5. Measurements  

2.5.1 Water quality 

Water quality was compared between the 

different experimental treatments with the 

regular monitoring of dissolved oxygen, pH, 

salinity, Ammonia, and Nitrite. 
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2.5.2 Growth performance, survival rate, 

and feed utilization  

Red tilapia performance was evaluated through 

the final fish weight and measuring of the 

following parameters: specific growth rate (SGR 

as % day-1) that calculated as (ln Wt – ln Wo) / 

t × 100, where ln= natural Logarithm, t = rearing 

duration by days. Weight gain (WG) = Wt – Wo, 

where Wt = final weight, Wo = initial weight 

(Ayisi et al., 2017). Total biomass (number of 

harvested fish X body weight mean) was also 

compared between treatments.  

Feed utilization was also compared between 

treatments with calculating of feed conversion 

ratio (FCR) = Feed intake / (Weight gain), feed 

efficiency (FE) = weight gain/ feed intake, and 

protein efficiency ratio (PER) = wet weight gain 

(g) / total protein intake (g)  

2.5.3. Mint performance  

The total plant weight, stem length, root length 

and number of leaves were compared between 

the two experimental treatments. Root and 

stem length was measured with a ruler 

(Vazquez-Cruz et al., 2012).  

2.5.4. Fish body proximate analysis 

By the end of the experiment ten fish were 

randomly sampled from each system and 

frozen at -20 C in polyethylene bags for further 

chemical analyses. Accurately, dry matter, 

protein, fat, and ash contents of whole fish were 

determined following the methods described in 

AOAC (1990). Moisture content was estimated 

with heating samples in an oven at 85 ºC till 

constant weight. Nitrogen content was 

measured using a Kjeldahl apparatus and crude 

protein was estimated by multiplying nitrogen 

content by 6.25. Total lipids content was 

determined by ether extraction. Ash was 

determined by combusting samples in a muffle 

furnace at 550 ºC for 2h.  

2.6 Statistical analysis 

Results were expressed as mean ± standard 

error (SE), and treatment mean differences 

were analyzed using t-test. Level of significant 

difference was set at (P<0.05). Statistical 

analysis was conducted using the statistical 

software package (IBM, SPSS version 25) 

(Kremelberg, 2010).  

3.RESULTS and DISCUSSION 

3.1. Water quality 

The physical and chemical water parameters 

including water temperature, dissolved oxygen 

(DO), salinity, pH, ammonia (NH3) and Nitrite 

(NO2) in the experimental units are presented 

in Table 2.  

Table 2. Water quality parameters in 

recirculating low saline aquaponic systems 

(Red Tilapia and Mint) stocked with different 

stocking density. 

 L D H D Sig. 

Temperature (C
o

) 30.58 ± 0.36 30.71 ± 0.04 0.75 

DO (mg/l) 6.89 ±0.01 6.47 ±0.06 0.02 

Salinity (mg/l) 4.96 ± 0.02 4.88 ± 0.03 0.06 

pH 7.74 ±0.05 7.24 ± 0.13 0.04 

NH3 (mg/l) 0.15 ± 0.01 0.19 ± 0.03 0.2 

NO2 (mg/l) 0.25± 0.04 0.27 ± 0.05 0.77 
Probability value (p) of less than 0.05 was used to indicate statistically significant differences 

Water temperature (o C) was 30.58 ± 0.36 in the 

lower density systems and 30.71 ± 0.04 in the 

60 fish / m3 treatment without significant 

differences. Dissolved oxygen (mg/l) was 

significantly (P<0.05) higher 6.89 ± 0.01 in the 

treatment with lower stocking density (40 

fish/m3) than of that in the HD treatment 6.47 ± 

0.06. Water salinity (mg/l) was 4.96 ± 0.02 and 

4.88 ± 0.03 for the LD and HD systems, 

respectively without significant differences. The 

pH was 7.24 ±0.05 for treatment with stocking 

density of 60 fish / m3 and 7.74 ± 0.13 for 

treatment with stocking density 40 fish / m3 with 

statistically significant difference (P<0.05). 

Ammonia NH3 (mg/l) was numerically lower in 

the aquaponic system, which stocked with lower 

fish number 0.15 ± 0.01 than of those of 60 fish 

/ m3 units (0.19 ± 0.03). Nitrite (NO2) did not 

affect significantly by different stocking 

densities, nitrite (mg/l) was 0.25± 0.04 for 
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treatment with stocking density 40 fish / m3 and 

0.27 ± 0.05 for higher density treatment which 

were insignificantly different (Table 2). 

The mean values of the DO obtained in the 

current study were within the recommended 

range suggested by (Eding et al., 2006), which is 

between 4.0 mg L-1 and 6.0 mg L-1.DO and 

essentially required in the process of nitrification 

(Yildiz et al., 2017). Fish, plants and bacteria in 

the aquaponic system require adequate amounts 

of DO for maximum health and growth 

(Rakocy, 2007), both treatment of the current 

study showed acceptable ranges of DO.  

Higher stocking density showed significantly 

lower DO level. This observation is congruent 

with the findings of (Zaki et al., 2020) who tested 

three different stocking densities (20,40 and 60 

fish per m3), DO was decreased as stocking 

density increased and the lowest values of DO 

was in the highest density group (60 fish per m3). 

Lower concentrations of dissolved oxygen in the 

higher density aquaponic systems may be 

explained with the fast decomposition of the fish 

metabolites and feed particles present in the 

culture system (Yildiz et al., 2017). 

pH is one from the most important factors for the 

survival of the components of aquaponic system 

including fish, microbes, and plants. Water pH is 

not only a requirement for fish growth but also to 

assure the availability of nutrients and permit 

optimum nutrient absorption by plants for effective 

plant performance in soilless culture systems. In 

order to achieve the nitrification process in the 

aquaponic system water pH should be kept 

around of 7. Water pH below 6.5 may disrupt the 

nitrification process and causing the aquaponic 

system frailer (Goddek et al., 2015; Yildiz and 

Bekcan, 2017). 

 Optimum pH for tilapia growth was reported to be 

between 6.0 and 9.0 (Ross, 2000; Delong et al., 

2009). Water pH of the fish tanks in this study fell 

between 7.0 and 8.0. Keeping of the pH within the 

range from 7.0 to 8.0 can save the ammonia in 

the form of NH4+, thus lowering the toxicity level 

which caused by the NH3. It is critical to optimize 

the temperature and pH as both parameters 

affect strongly to NH3 concentration.  

Regardless of the stocking density used the pH 

levels were within the recommended levels for 

both red tilapia and Mint culture.  The results 

revealed that pH value increased with 

decreasing stocking density of fish in the 

aquaponic system which was previously 

observed by several authors (Kloas et al., 

2015; Yildiz and Bekca, 2017).  

In the aquaponic system, ammonia is a result of 

fish excretion via the gills and the 

decomposition of uneaten feed (Eck 

et al., 2019). High ammonia levels slow fish 

growth, decrease survival rate and cause many 

physiological problems in fish (Anantharaja 

et al., 2017; Yildiz et al., 2017). High ionized 

ammonium–nitrogen levels cause low growth 

performance and tissue damage (Francis-

Floyd et al., 2009). In a balanced aquaponic 

unit, fish is rarely affected by ammonium 

toxicity. The concentration of nitrite also could 

be kept as low as possible to avoid it reaching a 

toxic level. High nitrite concentration affects on 

fish's ability to transport oxygen via blood 

(Yildiz et al., 2017). According to Hargreaves 

and Tucker (2004) and Zaki et al. (2020) the 

accumulation of fish feces and N in the form of 

NH3 and NO2 will adversely affect on the water 

quality. 

Results of the current study showed that the 

concentration of NH3 and NO2 were both 

increased with increasing fish stocking density 

but without significant differences. Nitrogen 

wastes in both experimental groups were within 

the acceptable ranges for red tilapia growth. 

Similar results were also observed with Endut 

et al. (2016) and  Makori et al. (2017) whose 

ranges were 0.09–0.85 mg L−1 for NH3 and 

0.02–0.17 mg L−1 for NO2, respectively. Nitrite 

concentration in this study increased with 

increasing of fish stocking density which was 

directly related to the amount of feed 

administered. Similarly, Rahmatullah et al. 

(2010) reported a linear increment of Nitrogen 

https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0044
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0035
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0011
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0001
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0044
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0018
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0044
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0013
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0025
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wastes with increasing fish stocking density and 

feed input.  

The removal of NH3 and nitrite may be due to 

plant uptake (Zarantoniello et al., 2021). 

Microorganisms which present in the system 

assimilate the nitrate in the water or the root of 

the plants grown with the help of biofilms (Azam 

and Ifzal, 2006). These nutrients are important 

for the growth of mint. The unsignificant response 

of NH3 and No2 to stocking density under 

aquaponic system could be attributed to the 

nature of ammonia is very volatile and highly 

labile, suggesting that it was likely the N species 

that was most up taken by the plants. Similar 

sentiments on plant uptake of ammonium in the 

aquaponic systems were also observed by 

Gichana et al. (2018). Ammonium also 

transformed into other forms of N (nitrite and 

nitrate) by biogeochemical processes which 

mediated with changes in pH and dissolved 

oxygen concentrations (Goddek et al., 2015; 

Goddek, 2017).  

3.2. Growth performance, survival rate, and 

feed utilization 

 Growth performance parameters and survival rate 

of red tilapia under low saline aquaponic systems 

with different stocking densities are shown in 

Table 3. 

Table 3. Growth performance and survival rate of 

red tilapia under low saline aquaponic systems 

with different stocking densities. 

Parameter L D H D Sig. 
Initial weight (g) 44.00 ± 2.31

 
43.67 ± 1.45 0.9 

Final weight (g) 194.33 ±11.26 165.67 ± 4.91 0.03 

Weight gain (g) 150.33 ±8.95 122.0 ± 3.46 0.04 

SGR %/day 1.65 ±0.00 1.48 ± 0.00 0.00 

Total biomass (Kg) 7.18±0.37 8.78±0.24 0.02 

Survival Rate% 92.5±1.25 88.33±0.98 0.04 

Probability value (p) of less than 0.05 was used to indicate statistically significant differences. 

Final weight of red tilapia differs significantly 

according to the stocking density. Both weight 

gain and specific growth rate were significantly 

higher in the lower density when compared with 

the higher density treatment (150.33 ±8.95 and 

1.65 ±0.006 vs 122.0 ± 3.46 and1.48 ± 0.005), 

respectively. On the other hand, total biomass 

was significantly higher in the higher density 

units (8.78 ±0.24 Kg.) than of that which 

obtained from the lower density group (7.18 ± 

0.37 Kg.). Survival rate decreased significantly 

with increasing stocking density (92.5±1.25 in 

LD and 88.33±0.98 in HD treatment)  

Stocking density is one of the most critical 

factors which can influence the fish reared in 

the aquaponic systems. Stocking density was 

reported to affects fish growth, feed utilization, 

survival rate, behavior, health, water quality, 

and fish yield (Oké and Goosen, 2019; 

Maucieri et al., 2019). Generally, the current 

growth performance of red tilapia in aquaponic 

systems were in acceptable range, perhaps 

because of the better water recirculation 

condition and the system efficiency. The results 

indicated that the growth rates with differ in 

stocking density which coincides with the 

results of Kohinoor et al. (2009) and da Costa 

et al. (2019). Fish which stocked at 40 fish m− 3 

showed highest growth parameters as 

compared to fish stocked at density of 60 fish 

m− 3; indicated that lower stocking density 

reduced the competition among the fishes, 

which influenced them to take feed properly 

which might be absent in the treatment with 

higher fish stocking density. Ahmed et al. 

(2013) and Rayhan et al. (2018) mentioned 

comparable results, where stocking density was 

found to relate with the average weight gain of 

tilapia. Findings by Sace and Fitzsimmons 

(2013); Ferdous et al. (2014); Diem et al. 

(2017); and Rayhan et al. (2018) were all also 

agree with these results as fish weight gain is 

inversely related with stocking density. 

The specific growth rate of red tilapia in the 

present study was 1.65±0.006 and1.48±0.005 

for LD and HD, respectively. Similar results in 

aquaponic systems were reported by (Ani et 

al., 2022), the highest value of specific growth 

rate was observed in the lowest stocking 

density. Growth performance are adversely 

affected by high stocking densities (Pouey et 

https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0046
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0003
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib44
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib40
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib40
https://www.sciencedirect.com/science/article/pii/S2468550X21000381?fbclid=IwAR172TB1X6dES13sot1KO8w6BtdT9tUbeDK9hcIrgQgkrwdLLrV-qXgjgjI#bib40
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0038
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0017
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0010
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0037
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0160
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al., 2011 and Sorphea et al., 2010) but in some 

cases this effect is either temporary (Garr et al., 

2011) or absent (Gokcek and Akyurt, 

2007; Southworth et al., 2009).  

The survival rate of red tilapia was significantly 

decreased with increasing stocking density. This 

probably due to the crowded condition which 

created as a result of the higher fish density and 

the resulting competition for space and food.   

(Gibtan et al., 2008 and  Person-Le Ruyet 

et al., 2008).  

However, significantly higher fish biomass was 

observed in the higher-density group. These 

findings agreed with the results of Wang et al.  

(2017), fish biomass was positively correlated 

with stocking density. Buhmann and 

Papenbrock (2013) investigated the biomass 

yield from aquaponic systems and concluded 

that, an efficient aquaponic system should show 

high yields of plant and fish biomass with low 

amount of nitrogen loss. The nitrogen 

transformations between plants biomass and gas 

loss are affected with microbial growth on the 

surface area of plant roots, carbon source for 

microbial consumption, and contact duration 

which is affected by hydraulic loading rate. 

Table 4. Feed utilization of red tilapia under low 

saline aquaponic systems with different stocking 

densities. 

Parameter L D H D Sig. 

FCR 1.38±0.05 1.54±0.01 0.03 

FE 0.73 ± 0.02 0.64 ± 0.00 0.00 

PER 2.42±0.09 2.02 ±0.01 0.00 

Probability value (p) of less than 0.05 was used to indicate statistically significant differences. 

Feed utilization parameters were significantly 

better in the lower density treatment (Table 4). 

Feed conversion ratio was lower in the LD units 

(1.38 ±0.05) than that of HD (1.54±0.01). Feed 

efficiency and protein efficiency ratio were both 

significantly higher in the lower density group 

when compared with 60 fish / m3
 treatment (0.73 

±0.02 and 2.42±0.07 vs   0.64 ±0.00 and 

2.02±0.01, respectively). 

Feed conversion ratio (FCR) represents the ratio 

of the total weight of fish feed to total wet weight 

gained by fish at the end of the culture duration 

(Endut et al., 2010). FCR value mainly 

depends on fish species and consumed feed 

(Hu et al., 2014). In the current study FCR 

values ranged between 1.38 and 1.54, which 

were higher than of the productive recirculating 

aquaculture with an FCR value of 1.25 reported 

by (El-Sayed, 2006; Timmons and Ebeling, 

2013).  On the other hand, FCR values in 

present study were lower and more preferable 

than those reported by (Rakocy et al., 2006), 

which were between 1.70 to 1.80. Significant 

reduction in feed utilization was observed with 

increasing stocking density. These results were 

agreed with (Ani, 2022) who studied the effect 

of stocking density on FCR of tilapia and lettuce 

in an aquaponic system. 

3.3 Mint performance 

Mint performance under low saline aquaponic 

systems with different stocking density of red 

tilapia is shown in Table 5. 

Table 5. Mint performance under low saline 

aquaponic systems with different stocking 

density of red tilapia. 

Parameter LD HD Sig. 

Fresh weight 
(g.) 

454.00 ± 72.94 343.57± 28.36 0.06 

Stem length 
(cm) 

68.07 ± 3.64 68.14 ± 6.39 0.99 

Root length 
(cm) 

60.21 ± 4.79 41.18 ± 4.20 0.00 

No. of leaves 720.71 ± 165.17 681.00 ± 93.48 0.83 
Probability value (p) of less than 0.05 was used to indicate statistically significant differences. 

Stocking density of red tilapia didn’t affect 

significantly on the individual plant   fresh 

weight, plant length, and the number of leaves. 

Root length in the lower density systems was 

60.21±4.79, which was significantly (P<0.05) 

higher than the root length in the higher density 

group 41.18±4.20 cm. 

Aquaponics is the combination of hydroponics 

(plants without soil) and aquaculture (fish in a 

recirculating system). In aquaponics, 

wastewater of the fish tank is used to fertilize 

hydroponics production beds beside plant roots, 

and associated rhizosphere bacteria clean up 

https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0160
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0160
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0185
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0185
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0185
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0040
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0040
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0040
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0040
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0045
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0045
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0190
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0190
https://www.sciencedirect.com/science/article/pii/S1687428513000034#b0190
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0019
https://onlinelibrary.wiley.com/doi/full/10.1002/aff2.71#aff271-bib-0030
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the water from nutrients, especially ammonia as a 

toxic element to fish (Rakocy et al., 2006; 

Graber and Junge, 2009; Rakocy, 2012). 

 In this study, two different fish stocking densities 

of red tilapia were examined in order to 

investigate its effects on mint growth in a 

medium-scale production. The main difference 

among the different stocking densities in 

aquaponic systems was the concentration of 

nutrients produced, which in turn, affected the 

growth and development of the mint. The nutrient 

requirements for leafy plants increase with time 

during vegetative growth. Rakocy (2007) stated 

that low yield in aquaponics system might be 

associated with low the nutrient solution. Rakocy 

et al. (2004) reported that aquaculture effluent 

provides most of the nutrients which required by 

plants if the optimum ratio between daily fish feed 

input and plant growing area is maintained.  

Plant growth and production in aquaponic system 

affected by different component ratios.  Fish to 

plant ratio of 1:2 showed better performance than 

1:1 and 1:3 ratios (Shete et al., 2015). 

performance of mint in 1:3 ratio may be due to 

lack of nutrients. In the present study, mint was 

grown in deep water system (raft) and was 

supplied with fish wastewater with 1:2 fish to plant 

ratio. Mint growth in both studied stocking 

densities were insignificantly differ in most 

measured traits that indicate the efficiency of the 

experimental systems. 

3.4. Proximate body composition  

 Proximate chemical composition of red tilapia 

under low saline aquaponic systems with 

different stocking density is shown in Table 6. 

Table 6. Proximate chemical composition of red 

tilapia reared under low saline aquaponic systems 

with different stocking density. 

Nutrient LD HD Sig. 

Moisture 1.76 ± 0.03 1.16 ± 0.36 0.21 

Protein 36.17 ± 2.12 38.74 ± 3.21 0.50 

Fat 24.22 ± 1.29 21.44 ± 2.80 0.03 

Ash 22.22 ±0.94 24.71 ± 1.11 0.09 

Probability value (p) of less than 0.05 was used to indicate statistically 

significant differences  

Whole-body moisture, protein and ash contents 

didn’t differ significantly with stocking density 

(Table 6). However, significantly lower fat 

content of fish body was found in HD (P<0.05) 

21.44± 2.80 as compared with 24.22 ± 1.29 in 

LD treatment. The fish body protein content was 

36.17 ± 2.12 03 in the stocking density of 40 

fish / m3 which is lower than 38.74 ± 3.21 in 60 

fish / m3 without significant difference. Fish body 

ash content was 24.71 ± 1.11 in the treatment 

higher density and 22.22 ± 0.94 in the lower 

density treatment without significant difference.  

The results demonstrated that HD with stocking 

density (60 fish/m3) group fish contained low 

amount of fat compared to LD with stocking 

density (40 fish/m3). This may due to over 

expenditure of body energy for maintaining 

normal metabolic activity by the fish (60 fish/m3) 

during the experimental period. Stocking 

density influenced fish body composition, as 

lipid level decreased in the higher stocking 

density. Similar, fast growing channel catfish, 

Ictalurus punctatus, are generally high in lipid 

and low in moisture and protein concentrations 

when compared to slow growing fish (Li et al., 

2003). Similarly, lower stocking densities (200, 

and 300 fish/m3) exhibited higher significant 

content of lipids as compared with the higher 

stocking densities (400, and 500 fish/m3) 

(Moniruzzaman, 2015). At the end of the 

experiment apparently fish which reared in LD 

with stocking density 40 fish / m3 was more 

robust than in HD. 

 

4. CONCLUSION 

Growth parameters of red tilapia decreased with 

increasing stocking density under aquaponic 

system. Better feed utilization was achieved 

with the lower density.  Total fish biomass was 

significantly increased with increasing stocking 

density. Water quality in lower stocking density 

was relatively better in terms of pH and DO. 

Elevation of stocking density didn’t affect 

negatively on the plant fresh weight, stem 

length, and number of leaves while the root 

https://onlinelibrary.wiley.com/doi/full/10.1111/jwas.12278#jwas12278-bib-0039
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length was decreased significantly with the higher 

fish density. Generally, red tilapia performed 

better in aquaponic system with mint under lower 

density (40 fish/ m3) while water quality, mint 

performance, and fish body composition didn’t go 

beyond the acceptable limits under the examined 

higher density (60 fish/ m3). The superior fish 

growth and feed utilization, doesn’t rule out the 

fact that higher stocking density can still be used 

especially with good water quality parameters and 

higher yield. 
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