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Abstract—Tilapia powered vertical aquaponics system (TPVAS) is an effective way to increase crop production in a food 

desert city per unit rooftop area by extending crop cultivation into the vertical dimension to feed the ever-increasing 

population of the world and keep the city-pollution free and cooler. Experiments conducted over the years to assess the 

viability of tilapia powered lettuce, strawberry, water spinach and mint production in the media-based 

vertical aquaponics system at the rooftop and lab of Bangladesh Agricultural University, Mymensingh, Bangladesh. The 

wastewater of the tilapia tank irrigated to the 4 feet height and 3-4-inch diameter vertical plastic pipes holding 15 to 18 

saplings in each pipe which passing through the coco dust, coco coir, water hyacinth root, and brick chips media then return 

into the fish tank again. Fish growth performances, nutrients availability, and their use assessed. The mean length and 

weight gain of tilapia were 2.95 (±0.83) to 11.77 (±2.49) cm and 32.71 (± 9.43) to 170.38 (±78.7) g. The feed conversion 

ratio (FCR) were 2.5, 2.35, 2.33 and 1.5 and survival rates were 96, 78, 85 and 98.33% for lettuce, strawberry, water 

spinach and mint based tilapia aquaponics systems. The fish and vegetable production was 30.64 to 135.20 and 12.47 to 

123.25 MT/ha/90 to 120 days respectively. Among the four media, coco coir produced the highest crop than the 

others.Therefore, it is concluded that the TPVAS is suitable and capable of producing fish and vegetables at the rooftop 

keeping the rooftop cooler and greener than nearby traditional roof gardening buildings. 

Keywords—Fish well-being, Rooftop, Safe food, Tilapia, Vertical aquaponics. 

I. INTRODUCTION 

The world population will reach 9.6 billion by 2050, 34 percent higher than the present population. Most of the population 

increase will occur in developing countries like Bangladesh (Kodmany, 2018) where agricultural land is shifting to other uses 

day by day. Global food production will face great challenges in the future as the rice-growing field has decreased by 18% 

from 1971 to 2015 (BBS, 2016; Christine and Gruda, 2015). Moreover, the natural calamities like cyclones, tornadoes, 

droughts, floods and river erosion destroys a significant amount of crops each year that threatened food security in the 

country. In addition, huge demand for seeds and fertilizers, higher transport costs, burning fossil fuel, and climate change 

impact are responsible for price hick of agricultural commodities in the country (Hugh, 2016) The scientists emphasized to 

grow food in the cities at the vicinity of the consumers to cut the transport costs and address climate change impact (Paxton, 

1994; Wakeland, 2012). 

Bangladesh is one of the world's leading fish producing countries with a total production of 4.134 million tons, where inland 

fisheries contributed 82.26% comprising 29.34% from capture fisheries and 52.92% from aquaculture (DoF, 2018). The 

fisheries sector plays an important role in lessening malnutrition, earning foreign exchange and improving the socioeconomic 

status of the rural small farmers of Bangladesh (Uddin and Farjana, 2012). Fish supply 60% animal protein to the 

countrymen and support the livelihoods of 11-12% fishermen (FAO, 2012). The country ranked 3rd place among the inland 

water fish producing countries and 5th in aquaculture (FAO, 2018). The farmers expanding aquaculture activities 

horizontally not addressing the environmental pollution and shortage of land (Marco and Kuenzer, 2016). In such a situation, 

environmental engineering and eco-friendly farming the “Tilapia Powered Vertical Aquaponics System” (TPVAS) can a 

substitute to resolve the problems (Katy, 2019). The TPVAS has been increasing popularity as a way to reduce the need for 

arable land and grow crops where they are to be consumed. When farming indoors, on rooftops and balcony in a closed or 

semi-closed environment, the plants are protected from the bad weather, insects, and pests (Liu et al., 2016). There are no 

losses of nutrients in closed systems and water use is less in comparison to traditional farming. However, artificial lighting is 



International Journal of Engineering Research & Science (IJOER)                   ISSN: [2395-6992]                     [Vol-6, Issue-5, May- 2020] 

Page | 28 

necessary while crops grow indoor. Additionally, TPVAS is capital intensive and requires knowing how to handle the new 

techniques and maintenance. The system combines ecology and environmental engineering to solve existing problems as 

well as address land crisis through utilizing unused space, beautifying the backyard and rooftop in a cost-effective and 

ecosystem approach (Kangas, 2004; Kheir, 2018).  

Mint (Mentha arvensis) is a native aromatic herb which used to enhance the flavor of food in time immemorial as a 

component of the traditional drug for therapeutic purposes (Normala et al., 2010). From ancient time, the mint has played an 

important role in trade due to its diverse elements and applications (Sahil et al., 2011). It is famous as an indigenous herb in 

the Indo-Pak subcontinent for its well-being, taste, essential oil and defensive potential (Baliga and Rao, 2010). The mint 

contains moisture, protein, fat, minerals and vitamins, fibers and carbohydrate of 78.65, 3.75, 0.94, 0.9, 8.0, and 14.89% 

respectively. It also contents 70 Kcal of energy (The USDA National Nutrient Database, 2011). Moreover, the mint has been 

widely used as a traditional medicine for the treatment of anorexia, nausea, flatulence, bronchitis, colitis ulcer and liver 

anomalies due to its various health promoter activities (Hadjlaoui et al., 2009). The leaves and essential oil are the dominant 

use of mint (Beemnet et al., 2010; Verma et al., 2010; Gul, 1994). By contrasts, strawberry (Fragaria ananassa) is bright 

red, juicy, sour and sweet in taste and rich in antioxidants and full of plant compounds that help to control heart health and 

blood sugar level. It is also an excellent source of vitamin C and manganese and has a small amount of folate (vitamin B9) 

and potassium. It is usually consumed raw and fresh, the berry can also be used in a variety of value-added products like jam, 

jelly, and dessert (Halvorsen et al., 2006; Giampieri et al., 2012). The lettuce (Lactuca sativa) is another favorite green leafy 

vegetable that is popular worldwide and consumed raw in salad and burger. It is crunchy and green which has many essential 

nutrients for health benefit (Liu, 2003; Pandey and Rizvi, 2009). In Addition, the leafy vegetable water spinach 

(Ipomoea aquatica) is also popular green vegetable which is rich sources of fiber, vitamins, and minerals (Anderson et al., 

1994). Water spinach is a vegetable plant which has decent nutraceutical uses and is commonly eaten as a vegetable and 

mostly found in tropical and sub-tropical Asia, Indian sub-continent, Africa and Australia (Chitrajit and Pinak, 

2015).Therefore, lettuce, strawberry, water spinach, and mint production experiments carried out in media-based TPVAS for 

integrated nutrient management, ease pressure on land resources and produce organic fruits and vegetables which have 

improved the physical, chemical and biological properties of soil less crop production as well as increased production from 

an unproductive unit of the rooftop area. 

II. MATERIALS AND METHODS 

2.1 Experimental site and set up 

The experiments were carried out during a period of 90 to 125 days from 2014 to 2017 at the backyard “Aquaponics Oasis” 

laboratory and rooftop, Department of Aquaculture, Bangladesh Agricultural University (BAU), Mymensingh. Among 

different types of aquaponics systems, the media-based vertical aquaponics system selected to carry out the researches. The 

experimental design composed of twelve fish holding tanks, a 4-inch diameter 3 ft. long 48 PVC pipes, coconut coir, coco 

fiber, water hyacinth roots and brick chips as the growing media (Fig. 1). Four different types of media, coco dust and coco 

coir (T1 and T2), water hyacinth root (T3) and brick chips (T4) each having three replication used in those experiments to 

grow lettuce, strawberry, water spinach, and mint. Fifteen to eighteen holes at an equal distance created with the hole saw 

drill machine in each pipe. The pipes containing various media were hung from the above with a parallel bamboo pole in 

rows following completely randomized block design (CRBD), indicated as T1R1, T1R2, T1R3, T2R1, T2R2, T2R3, T3R1, T3R2, 

T3R3, T4R1, T4R2, and T4R3. Twelve 750 L capacity plastic water tanks used as the fish holding tanks in all the four 

treatments. An inlet and outlet pipes set and connected with the PVC pipes in all the treatments. Twelve 25-watt submersible 

pumps used to pump the fish tank water to the vertically set pipes having the growing media in each treatment. An air pump 

with air stones provided oxygen to the fish tanks for fish well-being.  

The plastic water tank in each treatment cut off the upper part and washed properly for keeping the fish in. After setting the 

tank, a layer of 3-4-inch brick let’s put at the bottom of the tank. The inlet and outlet pipes (Fig. 1) were plumber to pump the 

fish tank water to the vertical pipes. The hanging pipes in all the treatments filled with locally procured coconut coir, coco 

fiber, water hyacinth roots, and brick chips. Then all the (48) pipes hung from a horizontal bamboo pole at a sun-exposure 

spot at the rooftop of a building at BAU and “BAU Aquaponics Oasis” laboratory. 
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FIGURE 1: Experimental design with vertical pipe having 15 to 18 holes each in a 3 feet long pipe, water 

inlet and out let system in left and fruiting strawberry and fish in tank at right. 

The healthy saplings of lettuce, strawberry, water spinach and mint of 6.5-10 cm size each planted in each hole in the pipes. 

In all the four treatments, the saplings uprooted from the soil or germinating pot and washed well with clean water before 

being transplanted into the pipes. Followed by planting the saplings, mono sex tilapia (181 fish/m
3
 water) juveniles 

(Oreochromis niloticus) of 7.76 (± 2.14) to 15.26(±1.41) cm and 3.83(± 1.10) to 60.06(±17.69) g initial length and 

weight collected locally and released in each fish tank. Thirty percent protein-containing commercial floating pellet feed fed 

twice daily, at 9:00 AM and at 5:00 PM at the rate of 5% of fish body weight in 1st month, then the feeding rate was re-

adjusted to 3 and 2% in 2nd and 3rd month. Fish tank water was irrigated with a submersible pump from the fish tank to the 

vertical pipes from the upper side which then passes through the pipes and finally falls in the fish tank again. The water 

pumps operated in the daytime only. The irrigation pipes, water pumps, air tubes, and air stones cleaned regularly to avoid 

clogging with algae and fish poo. No weeding was essential in the system; however, if there were any weed seen, they 

removed instantly. 

2.2 Sampling the fish and vegetable and harvesting  

The lettuce, strawberry, water spinach, and mint sampling carried out fortnightly but 1st harvest of lettuce, water spinach, 

and mint carried out after one month and strawberry harvested when ripe fruits were available. Following the harvest, their 

length, number of branches, leaf number and weight measured and recorded. Ten fishes sampled randomly caught from each 

replication of each treatment using a handheld scoop net. Length and weight of the fish measured with care and data recorded 

in the notebook and transferred into the computer later. The fish and all the vegetables were finally harvested after 90-125 

days of the experiment. The length and weight gain calculated after harvest and % length gain and % weight gain, specific 

growth rate (SGR), feed conversion ratio (FCR), survival and fish production were also calculated. 

2.3 Sampling water parameters  

Physio-chemical parameters of fish tank water such as dissolved oxygen (DO), temperature and pH measured bi-weekly. The 

Sera water testing kits and Hanna® pH/Ec/TDS/DO meters used to sample the physio-chemical parameters of water. In 

addition, total nitrogen (Total-N), electric conductivity (EC), carbonate (CO3
2-

), hydrogen carbonate (HCO3
-
), potassium (K), 

sulfur (S), sodium (Na) and phosphorus (P) also measured twice during the experiment in all the treatments, 1st at the 

beginning and last at the end of the experiment at the Humboldt Soil Testing Laboratory, Soil Science Department, BAU. 

2.4 Data processing and analysis  

All the collected data were recorded and transferred into the computer and cross-checked for any mistake. The data were 

converted into a Microsoft Excel master sheet and prepared the tables and graphs. One-way ANOVA performed on the 

collected data using Xl-stat at a 95% significance level. Tukey's HSD (Honestly Significant Difference), Duncan's multiple 

range test and Fisher's LSD (Least Significant Difference) tests performed to test significant differences in triplicate and 

across the treatments means. 
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III. RESULTS AND DISCUSSION  

3.1 Water quality parameters  

Mint and water spinach experiments conducted in the summer when the environmental temperature was higher. On the other 

hand, lettuce and strawberry experiments conducted in winter from November to March from 2014 to 2017 when the 

temperature was lower than the rest of the year. The range of pH, temperature and dissolved oxygen of the water in the fish 

tank recorded throughout the culture period of 7.56(±0.19) to 7.83(±0.14), 21.56(±3.26) to 29.70 (±1.21°C and 3.86(±0.04) 

to 4.80 (±0.02) ppm. The minimum pH value was 7.30 on 25th January, 22nd February and 29th March, 2015. By contrast, 

the minimum and maximum water temperature were 14°C on 28th January 2015 in lettuce based tilapia production system 

and 29.70 (±1.21) °C on 4 September 2014 (Table 1). The present results suggested that a favorable range of pH for both fish 

and nitrifying bacteria in a vertical aquaponics system existed. The literature revealed that the pH range of 6.5 – 8.5 

is appropriate for tilapia culture (Swingle, 1968; Huet, 1972; Makori et al., 2017), while, the nitrifying bacterial growth is 

withdrawn below the pH of 6.5 with an optimum pH of 7.8 favorable on species and temperature (Tyson et al., 

2007; Alenka et al., 1998). The range of water temperature found in present experiments imitates the suitable range for 

tilapia culture and nitrifying bacteria in the aquaponics system (Wortman and Wheaton, 1991; Rahmatullah et al., 2010). 

TABLE 1 
Nutrient profile of influent and effluent water in water spinach tilapia basedvertical aquaponics system 

Parameters 
July-2014 August-2014 

Influent Effluent Influent Effluent 

P (ppm) 0.832 (±0.11)
c
 0.398 (±0.03)

d
 1.686 (±0.11)

a
 1.191 (±0.11)

b
 

K (ppm) 15.13 (±1.14)
a
 15.53 (±1.18)

a
 14.5 (±2.14)

a
 4.632 (±0.74)

b
 

S (ppm) 3.509 (±0.16)
b
 3.709 (±1.19)

b
 8.96 (±1.16)

a
 1.67 (±0.19)

c
 

Na (ppm) 43.99 (±7.17)
a
 43.99 (±1.21)

a
 39.531 (±2.11)

b
 37.95 (±1.17)

b
 

HCO3
-
 189.1 (±17.13)

b
 195.2 (±1.2)

b
 219.6 (±28.13)

ab
 256.2 (±51.13)

a
 

CO3
2-

 (ppm) 72 (±6.12)
a
 36 (±1.12)

b
 12 (±2.12)

c
 42 (±9.12)

b
 

Total N (ppm) 4.2 (±1.15)
b
 3.2 (±0.15)

b
 11.2 (±1.15)

a
 5.6 (±1.15)

b
 

EC (μc/cm) 394 (±47.17)
b
 338 (±31.21)

b
 598 (±37.17)

a
 391 (±58.17)

b
 

The values in the same column having similar letter (s) do not differ significantly, whereas, values bearing the dissimilar letter 

(s) differ significantly as per Duncan's multiple range tests. Values in the parenthesis indicate the standard error. 

The nutrient values in the effluent water were lower than in the influent water in all the four vertical aquaponics system. 

However, the difference was sometimes significant and sometimes not in Fisher's LSD test (Table 1 and 2). The highest EC 

recorded in influent water in August 2014 (598 ±37.17) and May-2016 (662+2.83) in spinach-tilapia and mint-tilapia 

based vertical aquaponics system. Moreover, the nutrients had significantly or not significantly reduced in the effluent water 

at the end of the experiments because the plants extracted enough nutrients for their growth from the water at their growth 

stage. Werner et al. (2015) reported EC of 526.73 -753.53 (± 125.30) μc/cm in an aquaponics experiment in a greenhouse 

environment which is more or less similar to the present study. 

The amount of carbonate and total-N were higher at the beginning but reduced significantly at the end of the experiment. 

However, carbonate had increased again in the effluent water at the end of the experiment, possibly the extraction reduced by 

mint and water spinach from the water. The total-N, potassium, sulfur and sodium concentrations were gradually increased 

with the time passes but reduced again in the effluent water towards the end of the study, suggesting that these nutrients 

extracted by the plants at a higher rate for their growth. However, the phosphorus extraction in later stages was less in 

comparison to production in the last sampling in August 2014 in the mint tilapia co-production system. But in the strawberry 

tilapia co-production system, initially, phosphorus concentration was low and with the time passed it was in a peak and later 

plants consumed and concentration reduced again (Fig. 2). The concentration of hydrogen carbonate, however, increased 

throughout the experimental period and a significantly higher amount recorded at the end of the study. It was not clear 

whether plants had used hydrogen carbonate or not (Table 1). 
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TABLE 2 

AVAILABLE NUTRIENTS IN INFLUENT AND EFFLUENT WATER IN MINT BASED TILAPIA VERTICAL AQUAPONICS 

SYSTEM 

Parameters 
Influent Effluent 

May-2016 June-2016 July-2016 May-2016 June-2016 July-2016 

P(ppm) 0.16±0.01 0.93±0.01 1.73±0.03 0.06 ±0.001 0.53±0.002 1.61±0.04 

K (ppm) 6.12±0.28 5.27±0.01 5.75±0.14 6.02±0.42 0.84±0.04 4.64±0 

S (ppm) 0.49±0.01 4.52±0.30 4.03±0.04 0.27±0.01 3.33±0.25 3.71±0.33 

Na (ppm) 64.15±1.4 23.71±0.01 29.4±0 60.0±1.12 23.64±0.06 29.2±0.28 

HCO3
-
 219.6±8.63 140.3±34.51 216.55±4.31 253.15±12.94 140.3±8.63 192.15±4.31 

CO3
2-

 (ppm) 0.0 34.5+2.12 0.0 0.0 22.5+2.12 0.0 

Total-N (ppm) 4.9±0.99 22.15±0.35 29.4±1.98 2.8±0 17.05±0.35 25.2±0 

EC (μs/cm) 662.0±2.83 567.0±1.41 574.5±3.54 666.0±5.66 489.0±1.41 549.5±0.71 

Note: Values are given with ± standard deviation 
   

 

 

FIGURE 2:Phosphorus production and assimilation in strawberry tilapia based vertical aquaponics system. 

In tilapia –mint-based vertical aquaponics system, the fish produced wastes that help as manure for plants' growth and clean 

water revenues to the fish tank again. The highest value of phosphorus (P) was 1.69(±0.11) ppm in influent, that reduced to 

1.19(±0.11) ppm in the effluent water. In the system, 52% P removal was found in the earlier stage of the experiment that 

was 29.5% at the end. It is distinguished that primarily the P absorption in the influent water was slower in earlier than in 

later stage and removal was higher. However, in the later stage the P concentration increased and plants absorbed it 

according to their need that speed up the extraction level higher. Ghaly et al. (2005) reported 91.8 to 93.6% P reduction 

in aquaponics system where they grow barley as a vegetable. Boyd (1998) reported the acceptable P level in aquaponics 

systems was 0.20-1.15 ppm. Hence, the phosphorous level in the tilapia–mint-based vertical aquaponics system was within 

the range of the above findings. In addition, the potassium and sulfur concentrations in effluent were higher than in 

the influent at the beginning of the study. However, at the end of the experiment, when the plants reached maturity, the 

concentrations of the effluent reduced significantly than the influent concentrations in the system. On the contrary, sodium 

content was remained static in influent and effluent water at the start of the experiment, nonetheless gradually 

which decreased with the progress of the study, suggesting that the plants might need a bit of sodium for their growth. The 

nutrient concentrations in the system were lower than the soil which are generally acceptable for aquaponics as 

nutrients derived from an excess feed provided to the fish in the tank, and small amounts of nutrients added from the fish 

feces and mineralization of organic matter (Bittsánszky et al., 2016; Rakocy et al., 2004). 
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3.2 Fish growth and production  

In tilapia based vertical aquaponics system, initial mean length and weight of tilapia were 13.74(±1.77), 22.21(±5.72), 9.06 

(±1.22) and 15.26 (±1.41) cm and 51.13 (±22.27), 244.83 (±167.01), 17.27±6.50 and 60.06 (±17.69) g in tilapia based 

lettuce, strawberry, water spinach and mint vertical aquaponics system individually. During harvest, the highest mean length 

gained 11.77 (±2.49) with tilapia-water spinach system followed by 5.51 (±0.14), 2.98(±1.05) and 2.95(±.83) g with mint, 

strawberry, and lettuce VAS respectively (Figs. 3 & 4). By contrast, the highest mean weight gained was 170.38(±78.7) g 

followed by 114.54 (±28.18), 73.91(±15.95), and 58.92(±52.80) g in tilapia based lettuce, strawberry, water spinach, and 

mint vertical aquaponics systems. 

The highest FCR (2.54) was found with tilapia-lettuce followed by tilapia-strawberry (2.35) system. However, the 

least FCR found with a tilapia-mint vertical aquaponics system. Ashraf et al. (2015) reported FCR of 1.69 and 1.80 for Nile 

tilapia production in the aquaponics system. Moreover, Azimuddin et al. (1998) reported FCR of 1.73 to 2.04 for tilapia fed 

formulated feed. The above findings are more or less match with the present study. Besides, the highest fish survival was 

98.33% found in mint-based vertical aquaponics system followed by 96% with the tilapia-lettuce system and the lowest 

survival was found with Tilapia Strawberry vertical aquaponics system. The highest fish production (135.2 MT/ha//90 days) 

was with mint based vertical aquaponics system trailed by tilapia based water spinach vertical system where production was 

134.3MT/ha/116 days but if we consider the duration of production then we can see tilapia-mint based vertical system 

produced 135.2MT/ha in only 90 days. 

 

  
FIGURE 3:Tilapia based lettuceinVAS FIGURE 4:Tilapia based Mint inVAS 

 

The lettuce production was the highest (107.89 MT/ ha/116 days) in tilapia lettuce based vertical aquaponics system, 

followed by 46.08 MT /120 days and 83.91 MT / 116 days’ strawberry and water spinach. Moreover, the lowest vegetable 

production was 12.47 MT mint/ha/120 days (Table 3). The vertical farming systems (VFS) increase crop production into 

vertical dimension and not horizontal to achieve a higher revenue using less area (Hochmuth and Hochmuth, 2001; Resh, 

2012). Moreover, yield increases about 129–200% in VFS and a profit increase of 3.6–5.5 US dollar/m
2
 area compared to 

traditional soil cultivation (Liu et al., 2004). Therefore, we can see the vertical farm offers more opportunities considering 

the three pillars of sustainability- environment, society, and economy (Kheir, 2018).  

In the tilapia-mint based vertical aquaponics system, for a one cm length increase of fish, the weight increased on an average 

19.91 g. Tukey’s (HSD) test showed significant differences in mean length and weight of fish between few sampling dates 

but not all the dates. The Coefficient of determination, (R
2
 value) was 0.982, signifying that 98% of the variation of the 

dependent variable (weight) explained by the independent variable (length). The positive correlation (r=0.99) between the 

length and the weight of tilapia was very high. The mean food conversion ratio in the experiment was 1.50, survival was 

98.33%, % length gain 36.11(±9.93), % weight gain 190.71 (±159.29) and total production of tilapia were 135.20 MT/ha/90 

days (Table 3). Higher rates of CO3
2-

 reduction (72.00±6.12 to 36.00±1.12 ppm) noticed in the system in July 2016, while the 

value increased significantly in the effluent in August 2016. On the other hand, the HCO3
-
 level gradually increased over the 
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culture period as plants didn’t take up the carbonate at a significant level. A similar result obtained by Salam et al. 

(2014). Rahmatullah et al. (2010) and Quagrainie et al. (2011) reported FCR of 2.69 and 3.10 in tilapia rearing 

in aquaponics system and pond condition. 

The lowest total-N removal from the influent was 23% in the present study (4.20±1.15 to 3.20±0.15 ppm) observed in July, 

because the highest removal from the system was 50% in August. Ghaly and Snow (2008) reported 76% of total-N removal 

with Arctic charr (Salvelinus alpinus) based aquaponics system and Endut et al. (2011) stated NO3-N removal of 79.17% and 

87.10% after 4 and 12 week for the water spinach system, all the above findings were higher than the present findings. 

The EC is the measurement of electric current moves through the water. The current can only move through water when 

there is some salt dissolved in water, but cannot move through pure water. A greater amount of salt dissolved in the water, 

higher EC and higher nutrient concentrations in water result in superior growth of plants (Pantanella, 2012). The EC value 

decreased in the effluent throughout the culture period. The highest EC value was 598.00(±37.17) μc/cm in inlet water, 

which reduced to 338.00 (±31.21) μc/cm in the outlet that means removal was 56.52%. Kim (2018) mentioned that vegetable 

types control the water quality and he found 523±18, 832±43 and 912±52 EC in tomato, basil and lettuce 

based aquaponics system. The current results are evidence of nutrient removal from the fish tank water used by the mint for 

their growth. 

In the tilapia-water spinach based vertical aquaponics system, tilapia reared for 116 days in a 750-liter plastic water tank 

where mean length gain was 11.77(±2.49) cm and mean weight gain was 170.38(±78.7) g at harvesting (Table 

3). Midmore (2011) reported the mean weight gain of tilapia was 85.39±12.04 g after 180 days of raising which is much 

lower than the present findings due to the seasonal variation, rearing condition and better feed and feeding regime used in the 

present study.  

 

 
FIGURE 5:Tilapia based strawberry VAS 

 

The FCR values were 2.54, 2.35, 2.33 and 1.5 in tilapia-lettuce, Tilapia-Strawberry, tilapia-water spinach, and tilapia-mint 

based vertical aquaponics systems. Rahmatulla et al. (2010) reported FCR of 2.19 to 2.69 in the tilapia based aquaponics 

system and Watanabe et al. (2002) mentioned the anticipated FCR of 1.5-2.0 for table size tilapia production. The FCR of the 

present study more or less similar to the above mention results but some of the FCR higher might be due to unfavorable 

temperature, feed loss, and some experimental mistakes. Additionally, specific the growth rate achieved 0.98 g, survival rate 

85% and total fish production 134.30 MT/ha/116 days which matched with the findings of Salam et al. (2014) where they 

reported tilapia production of 130 MT/ha/116 days in the vertical aquaponics system.  
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TABLE 3 

GROWTH PERFORMANCES OF TILAPIA BASED LETTUCE, STRAWBERRY, WATER SPINACH, MINT CO-

PRODUCTION SYSTEMS 

Growth Parameters of tilapia based systems Lettuce Strawberry Water spinach Mint 

Mean Initial Length (cm) 13.74(±1.77) 22.21 (± 5.72) 9.06±1.22 15.26 (±1.41) 

Mean Final Length (cm) 16.69 (±2.60) 25.19 (±4.98) 20.83 (±3.04) 20.77 (±1.55) 

Mean Length Gain (cm) 2.95 (±.83) 2.98 (±1.05) 11.77(±2.49) 5.51 (±0.14) 

Percent Length Gain (%) 21.47 13.43 (± 18.47) 231.29 (±28.10) 36.11 (±9.93) 

Mean Initial Weight (g) 51.13 (±22.27) 244.83 (±167.0) 17.27 (±6.50 60.06 (±17.69) 

Mean Final Weight (g) 125.04(±38.22) 303.75(±180.6) 187.65(±81.93) 174.6 (±45.87) 

Mean Weight Gain (g) 73.91(±15.95) 58.92 (±52.80) 170.38 (±78.7) 114.54 (±28.18) 

Percent Weight Gain (%) 144.55(±50.60) 43.95(± 39.28) 1161(±526.8) 190.71(±159.3) 

Specific growth rate (SGR) 96.0 0.27  0.98 0.83 

Feed conversion ratio (FCR) 2.54 2.35 2.33 1.5 

Survival rate (%) 96 78 85 98.33 

Fish density /m3 67 (104) 100 (150) 107 80 

Fish production (MT/ha) 47.33/105days 30.64/120 days 134.3/ 116 days 135.2/90 days 

Vegetable production(MT/ha) 107.89/105days 46.08 /120 days 83.91/ 116 days 12.47 /90 days 

 

TABLE 4 

LENGTH (CM) AND WEIGHT (G) MEASUREMENT OF FISH IN TILAPIA-MINT BASED VERTICAL AQUAPONICS 

SYSTEM IN DIFFERENT SAMPLING DATES  

Dates Length of Tilapia (cm) Weight of Tilapia (g) 

4
th

 June 2014 15.26 (±1.41)
c
 60.06 (±17.69)

d
 

19
th

June 2014 16.09 (±0.96)
c
 77.39 (±15.95)

d
 

4
Th

 July 2014 16.72 (±1.66)
c
 83.55 (±28.96)

d
 

19
th

 July 2014 17.21 (±1.59)
bc

 90.71 (±24.77)
cd

 

4
th

 August 2014 19.04 (±1.59)
ab

 129.90 (±34.21)
bc

 

19
th

 August 2014 19.50 (±1.66)
a
 134.50 (±37.55)

ab
 

4
th

 September 2014 20.77 (±1.55)
a
 174.60 ±45.87)

a
 

IV. CONCLUSION 

Vertical aquaponics system proved highly successful in producing vegetables in a small area even from the rooftop. With the 

shortage of suitable farming land in urban sprawl, rooftops are progressively being seen as a reasonable place for producing 

food and make the building a sustainable food production unit in the future for cities. Like most of the cities in our 

country an abundance of fallow rooftop places are prevails. The present experiment used four different types of 

vegetable tilapia in vertical aquaponics system which performed well; nevertheless, water hyacinth root performed better 

thanthe coconut coir, coco fiber and brick chips. The system efficiently recycles the fish tank wastewater and uptake nutrients 

to grow crops compared to the conventional system, therefore, the vertical aquaponics system could potentially help to 

enhance food and nutrient security and reduce pressure on land resources. In this amazing food growing technology, the fish 

acts as the powerhouse of vegetable production. Aquaponics already proved as a green, sustainable and eco-friendly food 
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growing technology, hence, vertical aquaponics will be able to feed the 21st century’s 8.3 to 9.0 billion people and safeguard 

the environment for the future generation. 
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ARTICLE INFO 
 ABSTRACT  

  Hydroponics is a plant growing procedure in water and aquaponics is an eco-friendly, water and 
energy-saving bio-integrated recirculating aquaculture system that integrates fish farming and 
vegetable gardening in a symbiotic close loop system. This experiment was carried to observe the 
production potentiality of broccoli in different type hydroponics like organic hydroponics (T1), 
inorganic hydroponics (T2) and tilapia based aquaponics systems (T3) each with three replicates for 106 
days from 19th February to 4th June, 2018. Three kg vermicompost as T1 was soaked in 90 L water in a 
drum with a net bag and after that 1 kg vermicompost was added weekly discarding the old one. In 
case of T2, 28.50 g mixed fertilizer composed of 5g urea, 7.50g TSP, 5g MOP, 5g dolomite, 5g DAP, 0.50 
g boron and 0.50 g iron were added in 90 L water and after seven days 22.80 g was added fortnightly. 
In the aquaponics tank, 10 healthy tilapia fingerlings were released in the same amount of water and 
30% protein containing commercial floating feed was fed twice daily at the rate of 3% body weight. 
Sampling were carried out fortnightly for collecting different parameters of broccoli, fish and water 
quality. Significantly (P≤0.01) the highest broccoli production was found in T2 (11.79±0.51 tons/ha/106 
days) followed by T3 (4.77±0.85 tons/ha/106 days) and the least was in T1 (2.24±0.14 tons/ha/106 
days). The analysis showed that, the leaf area, root length and weight were statistically similar in all 
the three treatments. Fish production was 21.55±3.36 tons/ha/106 days. Nutritional composition of 
broccoli was also highest in T2 except moisture and ash content. Water dissolved oxygen, electrical 
conductivity, ammonia, nitrate, nitrogen and phosphorus concentration were suitable for growing 
broccoli in T2. Whereas in T3, ammonia concentration was high for fish. Broccoli production at higher 
temperature (31.40 to 36.00°C) in the laboratory than the optimum temperature was possible. Further 
experiment is needed to carry out in larger areas with different crops and fishes before extension in 
the field level.  

Article history 
Received: 17 May 2020 

Accepted: 30 Jun 2020 
Published online: 20 Jul 2020 

   Keywords 
Aquaponics,  

Broccoli,  

Hydroponics,  
Mixed fertilizer,  

Tilapia,  

Vermicompost tea 
   Correspondence 

 Md. Abdus Salam 
: masalambau@gmail.com     

 

 

Copyright ©2020 by authors and BAURES. This work is licensed under the Creative Commons Attribution International License (CC By 4.0). 

 
Introduction 

Bangladesh is pre-eminently an agrarian country. 
Various natural calamities like cyclone, drought and 
flood hamper its food production and cause fluctuation 
in supply round the year (Majumder, 2013). Hydroponics 
and aquaponics can be possible solution to the problems 
and using these techniques crops without soil can be 
grown. Hydroponics is the process of growing plants in 
water or nutrient solutions (Pandey et al., 2009; Sardare 
and Admane, 2019) in a liquid nutrient solution with or 
without the use of artificial media. Water is 
supplemented with plants macro and micronutrients in 
hydroponics such as nitrogen, calcium, potassium, 
sodium, magnesium and iron (Téllez and Merino, 2012; 
Lazar et al., 2015). By contrast, aquaponics is a closed 

loop food production system combining hydroponic crop 
production with recirculating aquaculture (Shafahi and 
Woolston, 2014; Schmautz et al., 2016). In this process, 
dissolved waste products are filtered and used by plants 
as a nutrient source and thus the system performs like 
the natural ecosystem (Timmons et al., 2002; Yildiz et al., 
2017; Lennard and Goddek, 2019). Broccoli (Brassica 
oleracea var. italica) is a cruciferous cool (18 to 24°C) 
season crop which is very popular throughout the world 
(Tindall, 1992). It is consumed both fresh and ripe but 
also as processed and is rich in- vitamin A, vitamin C, 
riboflavin, iron, calcium and other nutrients necessary 
for strengthening innate immune system (Nasr and 
Ragab, 2000; Wadmare et al., 2019). Moreover, tilapia 
(Oreochromis niloticus) is one of the most common 
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fishes used in aquaponics and can withstand a wide 
range of environmental condition. 

Fertilizers are important source of plants 
nutrients which can be used as a solution in hydroponics. 
Vermicompost is a nutrient rich low-cost organic 
fertilizer which contains most of the nutrients such as- 
nitrates, phosphates, exchangeable calcium and soluble 
potassium which plants can easily absorb (Orozco et al., 
1996; Edwards, 1998). Chemical fertilizers are also 
widely used for growing plants. But, in hydroponics a 
single fertilizer is not enough for growing plants (Ikeda 
and Tan, 1998). Mixed fertilizer contains more than one 
primary nutrients such as- MAP, DAP, potassium, nitrate, 
ammonium and sulphate those are essential for plants 
growth (White, 2006) and these are seldom used in 
hydroponic culture. Higher yields can be achieved using 
mixed fertilizers over a single fertilizer (Islam et al., 
2017). Vermicompost and fish waste are effective for 
producing organic vegetables through the techniques. 
Little research has been conducted on the utilization of 
mixed fertilizer and vermicompost as sources of 
nutrients for hydroponic culture of vegetables. The study 
was carried out to compare broccoli yield, plant growth, 
proximate composition of broccoli and plants and water 
quality variation in organic hydroponics using 
vermicompost, inorganic hydroponics using mixed 
fertilizer and tilapia based aquaponics system. In 
addition, feasibility of producing broccoli in higher 
temperature than the optimum temperature was also 
studied. 
 
Materials and Methods 

 Study site 

The experiment was carried out in the “BAU Aquaponics 
Oasis” Laboratory, Department of Aquaculture, Faculty 
of Fisheries, Bangladesh Agricultural University (BAU), 

Mymensingh. It is situated at latitude 244334 and 

longitude 902605. The duration of the experiment 
was 106 days from 19th February to 4th June, 2018. 
 
 Experimental design 

The experimental design was comprised of nine half 
drums, three containing vermicompost solution as 
organic hydroponics, three containing mixed fertilizer 
solution called inorganic hydroponics and three fish 
holding drums, respectively. Moreover, nine plastic jerry 
canes for broccoli growing bed, plastic pipes, nine 
aerators and irrigation pumps for each replication were 
used. Area of a half drum and vegetable bed were 0.26 
and 0.11 m2, respectively. Three treatments were 
denoted as T1, T2 and T3. Each treatment had three 
replications and were arranged in randomized block 
design (RBD). The hydroponics as well as fish tanks were 
kept open.  

All the half drums were filled with 90 L water. After 
plantation, 12-watt submergible pump was used to 
irrigate fish tank water and hydroponic solution to the 
vegetable growing beds from 9 AM to 5 PM (Fig. 1). 
However, aeration was continued for 24 hrs. in each tank 
up to the end of the experiment.  
 
 Setting up hydroponics and aquaponics systems 

At first, 3 kg vermicompost was taken into a double 
folded nylon net and shaped into sack and hang from a 
bamboo stick into the half drum water. After 10 days, old 
vermicompost was discarded and 1 kg vermicompost 
was added in each week until the end of the experiment. 
In T2, mixed fertilizers such as urea, TSP, MOP, dolomite, 
DAP, boron and iron at 5, 7.50, 5, 5, 5, 0.50 and 0.50 g 
was added in 90 L water, respectively. After that 80% of 
the initial weight of fertilizer (22.80 g) was added 
fortnightly. Ten healthy tilapia fingerlings with mean 
initial length of 11.61±0.93 cm and weight of 33.71±3.92 
g were released into aquaponics tank (T3). Fish was fed 
with commercial floating feed containing 30% protein 
twice daily at 9 AM and 5 PM up at the rate of 3% body 
weight. 
 
 Media bed preparation and planting broccoli 

Nine plastic jerry canes were used as broccoli bed. One 
side of the 35 L cane was cut and shaped it like a baby 
bath tub. A hole of ¾ʺ was made at the bottom of each 
bed to drain the water from the bed to the fish and 
hydroponics tanks keeping little water at the bottom for 
the plants. A stand pipe with several holes was set at one 
corner of the bed to collect and easily drain the water 
through a pipe. The broccoli bed was filled with 5 to 7 cm 
size brick-lets after washing. Two broccoli saplings were 
planted in equal distance in each bed.  
 
 Sampling and harvesting broccoli  

Plant height, leaf number and leaf area were measured 
fortnightly. A hand held measuring tape was used to 
measure the plant height, leaf length and width. Leaf 
area was measured by multiplying the length and width 
of the leaf. The chlorophyll content of broccoli leaf was 
measured with a ‘SPAD 502 Plus Chlorophyll Meter’ 
fortnightly. The broccoli was harvested when matured 
and weighed with an electric balance. At the end of the 
experiment, all the plants were uprooted carefully from 
the bed and root of the plants were cut from the stem by 
a sharp knife and length and weight of plant and root 
were measured. Proximate composition such as- 
moisture, crude protein, crude lipid, crude fiber, ash and 
NFE (nitrogen free extract) of broccoli and plants were 
measured following AOAC (2019) method in the Fish 
Nutrition Laboratory, Department of Aquaculture, BAU, 
Mymensingh. 
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Figure 1. Layout of a typical hydroponics and aquaponics set-up used in the hydroponics and aquaponics systems 

 
 Sampling and harvesting fish 

Fish sampling was done fortnightly. All the fishes were 
caught by a scoop net from the fish tank and length and 
weight of individual fish were measured. After 
completion of the experiment all the fishes were caught 
and survival rate, feed conversion ratio (FCR), length 
gain, weight gain, specific growth rate (SGR) and fish 
production were calculated. 
 
 Water quality parameters 

Dissolved oxygen (DO), pH and temperature of tank 
water were measured with hand held DO meter, pH 
meter and thermometer, respectively. Whereas, 
ammonia, nitrite, and nitrate were measured with ‘API 
Freshwater Master Test Kit’ fortnightly. Moreover, 
electrical conductivity (EC) was measured with hand held 
EC measuring meter and other nutrients such as- sodium 
(Na), potassium (K), carbonates (CO3

2-), hydrogen 
carbonates (HCO3

-), total nitrogen (N), sulphur (S) and 
phosphorus (P) were measured in the ‘Humboldt Soil 

Testing Laboratory’ Department of Soil Science, BAU, 
Mymensingh three times during experiment.  
 Data processing and analysis 

All the collected data were loaded in the computer using 
Microsoft Excel version 2013. Data analysis was 
performed using SPSS (Version 16.00) software, with an 
alpha set at 0.05 (significance at P<0.05) and the data 
were tested with one-way ANOVA and Duncan’s Multiple 
Range Test (DMRT) was used to compare the means to 
show the significant differences between the 
treatments. 
 
Results 

 Broccoli growth performances and production 

The highest mean plant height, leaf number and leaf area 
of broccoli were observed (73.90±8.51 cm, 34.33±4.13 
and 444.29±176.46 cm2, respectively) in T2 (Fig. 2; Fig. 3; 
Table 1). On the other hand, moderate mean plant 
height, leaf number and leaf area were observed in T3 
and the least mean plant height, leaf number and leaf 
area were found in T1 where vermicompost leach was 
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used. The similar trend was also found with chlorophyll 
content in broccoli leaf as well, where the SPAD readings 
were 60.31±4.03, 57.70±2.07 and 43.46±10.07 in T2, T3 
and T1, respectively those were significantly different 
(Fig. 4). After harvest, the broccoli plant weight and 
broccoli production in all the treatments were highly 
significantly different (P≤ 0.01) (Table 2). On the other 
hand, the mean root length and weight were not 
significantly different among the treatments (Table 2). 
The highest protein, lipid, fiber and NFE of broccoli were 
4.54±0.52, 0.45±0.07, 6.47±0.01 and 1.29±0.22 %, 
respectively found in T2 (Table 3). Moreover, moisture, 
protein, lipid, fiber, ash and NFE content range in plants 
were 86.20±0.63-86.86±0.45, 2.28±0.01-2.66±0.11, 
0.44±0.05-0.49±0.08, 6.57±0.47-6.77±0.60, 2.84±0.05-
2.95±0.21 and 0.96±0.18-1.01±0.11 %, respectively. The 

protein contents of plant and broccoli in three 
treatments were significantly and other components 
were not significantly different.  
 
 Tilapia growth and production 

The initial mean length, final mean length and mean 
length gain of tilapia were 11.61±0.93, 16.35±1.07 and 
4.74±0.67 cm, respectively (Fig. 5; Table 4). Moreover, 
the mean weight gain of fish was 32.44±1.21 g (Table 4). 
On the other hand, the specific growth rate, FCR and 
survival rate were 0.65±0.20 %, 3.2±0.11 and 86.66 %, 
respectively shown in Table 4. Whereas, tilapia 
production was achieved 21.55±3.36 tons/ha/106 days 
(Table 4). 
 

 

 
Figure 2. Plant height (cm ±SD) of broccoli in different sampling dates in hydroponics and aquaponics systems (vertical bar of 

each treatment represents the standard deviation) 

 

 
Figure 3. Leaf number (number ±SD) of broccoli in different sampling dates in hydroponics and aquaponics systems (vertical bar 

of each treatment represents the standard deviation) 
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Figure 4. The leaf chlorophyll content (SPAD ±SD) of broccoli in hydroponics and aquaponics systems. Vertical bar of each 

treatment represents standard deviation and values in columns with different letters are significantly different at P<0.05. 

 

Table 1. Variation of leaf area in three treatments in hydroponics and aquaponics systems 

Sampling dates 
Leaf area (cm2) 

Significance 
T1 T2 T3 

Day 0 26.10±5.39 25.77±8.82 22.43±2.44 NS 

Day 15 70.93±18.57 72.91±18.07 48.41±20.97 NS 

Day 30 117.60±43.09 158.05±76.59 119.74±41.51 NS 

Day 45 132.74±44.49 188.27±81.53 164.45±75.03 NS 

Day 60 177.83±44.68 236.62±111.65 188.32±49.14 NS 

Day 75 218.59±34.69 314.95±134.77 229.33±44.98 NS 

Day 90 268.03±32.59 415.00±187.56 277.67±14.88 NS 

Day 105 296.39±21.03 444.29±176.46 318.74±28.30 NS 

T1= Treatment 1 (organic hydroponics), T2= Treatment 2 (inorganic hydroponics), T3= Treatment 3 (aquaponics). In rows, NS means non-
significance that indicates that P> 0.05. Values are mean±SD.  

 

Table 2. Plant weight, root length, root weight and production of broccoli in hydroponics and aquaponics systems 

Parameters T1 T2 T3 Significance 

Plants weight (g) 257.60±44.07a 601.99±168.26b 369.05±214.62a ** 

Root length (cm) 18.50±4.28 27.33±5.89 24.83±7.68 NS 

Root weight (g) 32.43±21.40 62.59±48.83 25.15±8.40 NS 

Broccoli production  (t/ha/106 d) 2.24±0.14a 11.79±0.51c 4.77±0.85b ** 

T1= Treatment 1 (organic hydroponics), T2= Treatment 2 (inorganic hydroponics), T3= Treatment 3 (aquaponics). In rows, values with different 
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, ** indicates that significant at P≤0.01 and NS means non-
significance that indicates that P>0.05. Values are mean±SD.  

 

Table 3. Moisture, protein, lipid, fiber, ash content and NFE in broccoli and broccoli plant in hydroponics and aquaponics systems 

Components 
Percentage 

Significance 
T1 T2 T3 

Moisture 
Broccoli 88.75±0.41b 86.21±0.53a 87.89±0.40b ** 

Plant 86.86±0.45 86.20±0.63 86.26±0.17 NS 

Protein 
Broccoli 3.26±0.01a 4.54±0.52b 3.41±0.43a * 

Plant 2.28±0.01a 2.66±0.11b 2.61±0.05b ** 

Lipid 
Broccoli 0.44±0.03 0.45±0.07 0.43±0.06 NS 

Plant 0.44±0.05 0.49±0.08 0.47±0.11 NS 

Fiber 
Broccoli 5.55±1.04 6.47±0.01 5.98±0.03 NS 

Plant 6.57±0.47 6.77±0.60 6.67±0.29 NS 

Ash 
Broccoli 1.18±0.18 1.04±0.03 1.30±0.10 NS 

Plant 2.84±0.05 2.93±0.15 2.95±0.21 NS 

NFE 
Broccoli 0.82±1.02 1.29±0.22 0.99±0.21 NS 

Plant 1.01±0.11 0.96±0.18 1.03±0.23 NS 

T1= Treatment 1 (organic hydroponics), T2= Treatment 2 (inorganic hydroponics), T3= Treatment 3 (aquaponics). In rows, values with different 
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, * indicates that significant at P< 0.05, ** indicates that 
significant at P≤ 0.01 and NS means non-significance that indicates that P> 0.05. Values are mean±SD.  
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 Water quality parameters 

In the present study, the room temperature of the 
laboratory was ranged from 31.40 to 36.00°C (Fig. 6), 
whereas, the highest and the lowest mean water 
temperature was 26.75±0.47 and 26.70±0.44°C in T1 and 
T3, respectively (Table 5). The recorded highest and the 
lowest pH value were 7.90±0.13 and 6.53±0.36 found in 
T1 and T2, respectively and significant variations among 
treatments were found (Table 5). The highest mean 
dissolved oxygen (DO) was 8.00±0.13 mg/L observed in 
T2 during the present study. Moreover, the highest 
concentration of ammonia, nitrite and nitrate were 
observed 2.67±1.15, 2.13±1.03 and 27.92±12.84 mg/L, 
respectively in T2 depicted in Table 5. The electrical 
conductivity (EC) was highly significantly different among 
the treatments on third sampling and the highest was 
also in T2 (Table 6). The highest mean value of Na, K, CO3

2- 
and HCO3

- were found higher in T1 than T2 and T3. The 
CO3

2- concentrations were zero in first two samplings in 
all treatments (Table 6). On the other hand, gradual 
increase of HCO3

- was observed in T1 but decreased in 
the other treatments. At the end of the experiment, the 
mean highest and the lowest concentrations of total-
nitrogen (N) were 5.63±2.40 and 4.23±0.06 mg/L in T2 
and T1, respectively (Table 6). Moreover, the T1 
contained higher sulfur (S) concentration than the other 
treatments which might have contributed in lower 
broccoli production. The highest mean value of 
phosphorus (P) was found 44.83±3.11 mg/L in T2 and the 
lowest was 8.12±1.16 mg/L observed in T3 (Table 6). 
 
Discussion 

 Broccoli growth performances and production 

The highest broccoli plant height was 73.90±8.51 cm 
observed in T2 among the three treatments (Fig. 2). 
Nitrogen is an important component for cell division and 
enlargement of cells in the apical meristem which 
enhances plant height (Purbajanti et al., 2019). 
Continuous supply of soluble mixed fertilizers in the 
water enhanced the nitrogen availability for plants which 
resulted in the highest plant height in T2. Yadav et al. 
(2016) reported that broccoli plant height was 63.90 cm 
in vermicompost supplemented soil based cultivation. 
The number of leaves in all the treatments corroborated 
with the findings (16.00 to 28.60) of Yadav et al. (2016) 
but much higher than the findings (2.2 to 10) of 
Getachew et al. (2016) in traditional soil based broccoli 
culture.  The recorded highest leaf area (444.29±176.46 
cm2) was also found in T2 in the present experiment 
which was in agreement with the result of da Silva et al. 
(2016) who reported the highest leaf area 470.57 cm2 of 

broccoli.  
 

After harvest, fresh weights of plants were 
257.60±44.07, 601.99±168.26 and 369.05±214.62 g in T1, 
T2 and T3, respectively. The root length in the present 
experiment (18.50±4.28 to 27.33±5.89 cm) were more or 
less similar to the findings of Shapla et al. (2014), where 
they recorded the root length ranging from 20.50 to 
25.30 cm. Getachew et al. (2016) found lower root 
length (11.13 cm) of broccoli planted in February than 
the present study. Roots length depends on available 
nutrients for root apical meristem (RAM) zone. In T3, the 
nutrients available in fish tank influenced more 
effectively than the nutrients in T1 for roots vertical 
growth (Table 2). However, the weight of the roots 
(25.15±8.40 to 62.59±48.83 g) were much higher in the 
present experiment than the findings of Shapla et al. 
(2014), where they obtained 19.40 to 23.00 g root weight 
only. In the present study, the mean root weight was 
comparatively higher in inorganic hydroponics than 
organic hydroponics and aquaponics systems. It might be 
due to the high concentration of fertilizers added in 
regular interval. But, mean root weight of T1 was higher 
than T3 which indicated that, the available nutrients in 
the vermicompost tea was more effective for roots mass 
growth or secondary root formation than T3. Significantly 
higher mean chlorophyll content of broccoli leaf was 
found with T2 than T3 and T1 (Fig. 4) and the values were 
corroborated with the findings of Mellgren (2008), 
where the researcher used moderate irrigation and 
supplement nitrogen fertilizer in broccoli production. 
The higher nitrogen application was responsible for 
chlorophyll content increase or greenness of the plant 
(Ambrosini et al., 2015). So, the higher chlorophyll 
content in T2 might be due to the presence of higher 
nitrogen inorganic fertilizers. In T3, fish feed and waste 
were the main sources of nitrogen which resulted in 
higher chlorophyll content than T1. The broccoli 
production in all the three treatments were 2.24±0.14, 
11.79±0.51 and 4.77±0.85 tons/ha/106 days, 
respectively and the values were highly significantly 
(P≤0.01) different (Table 2). Whereas Almaliotis et al. 
(2007) reported broccoli production 3.15 to 14.42 
tons/ha which was close to the present result. In the 
present study, the chemical fertilizers had the higher 
effect on broccoli growth performances than the 
vermicompost leach based hydroponics and aquaponics 
systems as mixed fertilizers results in higher production 
(Islam et al., 2017). Moreover, Hafiz et al. (2015) 
produced 5.17 to 23.21 tons/ha broccoli using five 
genotypes and in the present study, such higher 
production might not be possible as the head quality of 
broccoli is influenced by temperature and hot climate 
decreases the growth rate of broccoli (Tindall, 1992; 
Santipracha, 2007; Getachew et al., 2016).  
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Figure 5. Length (cm ±SD) and weight (g ±SD) of tilapia in different sampling dates in the present hydroponics and aquaponics 

study (vertical bar of each treatment represents the standard deviation) 

 

Table 4. Growth performances of tilapia in the hydroponics and aquaponics systems 

Parameters Value 

Mean length gain (cm) 4.74±0.67 

Percent length gain (%) 61.46±0.44 

Mean weight gain (g) 32.44±1.21 

Percent weight gain (%) 96.23±1.78 

Specific growth rate (SGR) 0.65±0.20 

Feed conversion ratio (FCR) 3.2±0.11 

Survival rate (%) 86.66 

Production (tons/ha/106 days) 21.55±3.36 

 

 
Figure 6. Room temperature (°C) in different sampling dates 

 

Table 5. Mean water temperature (°C ±SD), pH (±SD), dissolved oxygen (DO), ammonia, nitrite and nitrate (mg/L ±SD) found in 
the hydroponics and aquaponics systems 

Parameters T1 T2 T3 Significance 

Temperature (°C) 26.75±0.47 26.71±0.46 26.70±0.44 NS 

pH 7.90±0.13c 6.53±0.36a 7.16±0.16b ** 

Dissolved oxygen (mg/L) 7.88±0.15 8.00±0.13 7.89±0.15 NS 

Ammonia (mg/L) 0.13±0.08a 2.67±1.25b 0.79±0.47a ** 

Nitrite (mg/L) 0.00±0.00a 2.13±1.03b 1.58±1.44b ** 

Nitrate (mg/L) 2.08±1.18a 27.92±12.84c 17.50±9.55b ** 

T1= Treatment 1 (organic hydroponics), T2= Treatment 2 (inorganic hydroponics), T3= Treatment 3 (aquaponics). In rows, values with different 
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, ** indicates that significant at P≤ 0.01 and NS means non-
significance that indicates that P> 0.05. Values are mean±SD.   
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Table 6. Electrical conductivity (EC) and other nutrients (Na, K, CO32-, HCO3-, N, S and P) in the hydroponics and aquaponics 
systems 

Parameters Sampling Dates T1 T2 T3 Significance 

EC 
(µs/cm) 

Day 0 747.00±0.00 747.00±0.00 747.00±0.00 - 

Day 53 1523.02±40.15a 1939.11±119.87b 1339.09±267.74a * 

Day 105 2093.13±92.92b 3211.13±181.07c 1469.07±113.21a ** 

Na 
(mg/L) 

Day 0 109.25±0.00 109.25±0.00 109.25±0.00 - 

Day 53 355.30±10.69c 295.07±40.51b 164.01±4.96a ** 

Day 105 401.50±40.91c 313.07±21.52b 108.93±3.81a ** 

K 
(mg/L) 

Day 0 1.21±0.00 1.21±0.00 1.21±0.00 - 

Day 53 75.60±5.05c 57.62±11.29b 4.97±0.37a ** 

Day 105 84.63±10.76c 65.14±12.11b 2.61±0.87a ** 

CO3
2- 

(mg/L) 

Day 0 0.00±0.00 0.00±0.00 0.00±0.00 - 

Day 53 0.00±0.00 0.00±0.00 0.00±0.00 - 

Day 105 59.33±6.11b 11.67±11.06a 2.00±3.46a ** 

HCO3
- (mg/L) 

Day 0 286.70±0.00 286.70±0.00 286.70±0.00 - 

Day 53 336.27±3.06c 68.91±10.02a 246.63±9.18b ** 

Day 105 378.23±9.21c 79.62±20.93a 155.47±3.05b ** 

N 
(mg/L) 

Day 0 2.80±0.00 2.80±0.00 2.80±0.00 - 

Day 53 0.77±0.71 3.20±3.29 1.50±1.41 NS 

Day 105 4.23±0.06 5.63±2.40 4.67±0.81 NS 

S 
(mg/L) 

Day 0 3.47±0.00 3.47±0.00 3.47±0.00 - 

Day 53 6.81±0.50 5.49±1.75 3.57±1.32 NS 

Day 105 11.97±0.68b 4.72±2.99a 3.39±0.80a ** 

P 
(mg/L) 

Day 0 0.29±0.00 0.29±0.00 0.29±0.00 - 

Day 53 28.32±3.50b 29.43±4.04b 2.26±0.43a ** 

Day 105 11.91±2.85a 44.83±3.11b 8.12±1.16a ** 

T1= Treatment 1 (organic hydroponics), T2= Treatment 2 (inorganic hydroponics), T3= Treatment 3 (aquaponics). In rows, values with different 
letters are significantly different at P<0.05 applying Duncan’s Multiple Range Test, * indicates that significant at P< 0.05 ** indicates that 
significant at P≤0.01 and NS means non-significance that indicates that P> 0.05. Values are mean±SD.  

 
The proximate composition of broccoli, were in 
agreement with the findings of Wadmare et al. (2019), 
where they reported the moisture 86.36%, carbohydrate 
5.59%, protein 4.89% and fat 0.37%. The highest values 
of proximate composition in the present experiment was 
in T2 (Table 3) indicating the availability of nutrients for 
broccoli growth in the water than the other two 
treatments. 
 
 Tilapia growth and production 

In the present study, the mean length gain of tilapia was 
4.74±0.67 cm and percent length gain 61.46±0.44 % 
(Table 4). The percent length gain was higher than the 
findings of Akter et al. (2020) (28.91±4.53 %). However, 
the mean weight gain and percent weight gain were 
lower in the present experiment than the outcome of 
Afrin et al. (2018), where, they reported the weight gain 
of tilapia was 43.34±8.20 g after 105 days. Moreover, the 
specific growth rate (0.65±0.20 %) of the present 
experiment was lower than the findings of Fatema et al. 
(2017). In the present study, the FCR was 3.2±0.11 which 
was higher than the findings (2.73) of Salam et al. (2014). 
On the other hand, Akter et al. (2020) recorded FCR of 
tilapia 3.6 in control which was higher than the present 
experiment. The survival rate of tilapia was 86.66% in the 
present experiment and that was lower than the finding 
of Afrin et al. (2018). Moreover, the tilapia production 
(21.55±3.36 tons/ha/106 days) was in line with the 

finding of Akter et al. (2020) who obtained 19.55 ±1.56 
to 26.27 ±2.47 ton/ta/60 days tilapia production . But the 
tilapia production was much lower (Table 4) than the 
findings (130 tons/ha/116 days) of Salam et al. (2014). 
Lower SGR, lower tilapia production and high FCR in the 
present experiment might be due to the experiment 
conducted at the end of the winter when fishes did not 
eat properly and feed wastage developed higher 
ammonia concentration in the fish tank resulting in slow 
growth response. 
 
 Water quality parameters 

The highest and the lowest mean water temperature 
were reported in T1 and T3, respectively (Table 5). 
Optimum temperature for broccoli is 18 to 24°C (Tindall, 
1992; Grevsen, 1998; Getachew et al., 2016). The higher 
temperature might have affected the production of 
broccoli in the present study as more than 30°C 
temperature lower broccoli production (Warland et al., 
2006). However, the recorded temperature was within 
suitable range for tilapia, as Losordo et al. (1998) 
reported that, the optimum temperature for tilapia 
growth is 27 to 29°C. The pH range was not favorable for 
broccoli production and suitable pH for broccoli 
production is below 6.0 (Margareta, 2000). But, 
according to Maynard and Hochmuth (1997), the pH 
tolerance of plants ranges from 5.0 to 7.6 depending on 
species. The pH range of T3 is in line with the findings of 
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Tyson et al. (2014) suggested that the best pH range for 
tilapia growth is 7.0-9.0. Dissolved oxygen (DO) in 
hydroponics and aquaponics is important for roots 
continuous respiration though plants roots can adjust 
with the lower oxygen (Goto et al., 1996). The DO values 
recorded in the present study was corroborated with the 
findings of Afrin et al. (2018) on aquaponics system. 
Téllez and Merino (2012) mentioned that, the required 
oxygen solubility in hydroponics system are 8.26 and 
7.56 mg/L, respectively in 25 and 30°C temperature. The 
mean values of ammonia, nitrite and nitrate were 
highest in T2 and the lowest in T1 (Table 5). Urea and DAP 
(Di-ammonium phosphate) contributed in T2 for highest 
ammonia. According to Alexandrova and Jorgensen 
(2007), in aqueous solution urea decomposes into CO2 
and ammonia and the reaction depends on pH, 
temperature and microbial community in the water. DAP 
also decomposes into plants available ammonia and 
phosphate (Bolan et al. 2003). The ammonia 
concentrations obtained in the present experiment were 
higher than the maximum tolerable level agreed by Pillay 
and Kutty (2005) for fish culture in T3 and uneaten feed 
was responsible for high ammonia. But the mean 
ammonia, nitrate and nitrite of T3 was lower than T2 and 
it might be due to nutrients loss, denitrification and 
ammonia volatilization (Neto and Ostrensky, 2015; 
Wongkiew et al., 2017).  

The EC level in T1 and T3 in the present study 
were below the threshold level except in T2 for broccoli 
production (Jensen and Collins, 1985; Tanji and 
Wallender, 2012). The Na values were lower than the 
recommended values of Bittsánszky et al. (2016) for both 
hydroponics and aquaponics systems. The highest and 
the lowest total-nitrogen (N) concentration were 
5.63±2.40 and 4.23±0.06 mg/L, found in T2 and T1, 
respectively (Table 6) which were lower than the 
recommendation of López et al. (2016) for hydroponics 
broccoli production. Though, in case of aquaponics, fish 
feces contains 10 to 40% N (Schneider et al., 2004), 
denitrification also can lead to a loss of 25-60% of the N 
depending on the presence and load of facultative 
heterotrophic bacteria in the tank (Eck et al. 2019, Zou et 
al. 2016). The highest P level was detected in T2 (Table 6) 
and it might be due to TSP and DAP fertilizers inclusion 
in the solution of T2. On the other hand, most of the 
nutrients recorded in T3 were in agreement with the 
study by Afrin et al. (2018).  
 
Conclusion 

In the present study, the broccoli production was 
possible at high temperature (31.40 to 36°C) in all the 
treatments. Most of the growth parameters of broccoli, 
proximate composition and production were higher in 
inorganic hydroponics solution (T2) followed by 
aquaponics (T3) and organic hydroponics systems (T1), 
respectively. Fish as well as broccoli production was 

satisfactory in aquaponics system where fish poo acted 
as fertilizer for broccoli production. Therefore, it can be 
concluded that the high nutrients and vitamins 
containing broccoli production is possible in organic 
hydroponics as well as in aquaponics systems even at 
higher temperature. So, further pilot study is needed to 
carry out in other areas with other potential indigenous 
crops and fishes with analyzing benefit-cost ratio before 
extension in the field level.   
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INTRODUCTION  

 

Aquaponics is an agro-aquaculture system integrating re-circulatory aquaculture 

system (RAS) with hydroponics. The system utilizes dissolved nutrients and solid wastes 

produced in the fish culture tanks, acting as source of organic fertilizer for the plants. 
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Aquaponics is one of the most effective, water-efficient, self-fertilizing, and 

eco-friendly technologies for organic food production. In this system, plant 

nutrients instigate from the fish feed and fish waste. The objective of the current 

study was to assess and compare the plant growth and fish production in 

different fish stocking densities in aquaponics. Four different densities were 

tested for the study, such as 2.94 (T1), 3.92 (T2), 4.90 (T3), and 5.88 (T4) kg m
-

3
 tilapia with an initial length of 16.8±0.17 cm and a weight of 72.6±5.14 g, 

respectively. The tilapia were fed with commercial floating feed twice daily at 

3% body weight. Sampling of fish and plant growth parameters were carried out 

fortnightly, whereas, water quality parameters such as temperature, dissolved 

oxygen, and pH were measured weekly, and electrical conductivity (EC), total 

dissolved solids (TDS), ammonia, nitrite, and nitrate were measured fortnightly. 

The data interpretation showed that pH, ammonia, nitrite, EC, and TDS were 

significantly increased with the increasing fish densities. On the other hand, 

except Zn, Fe and Mn, all other nutrients of the fish tanks were significantly 

increased with the fish densities in the treatments. The first flower and pod 

appearance were observed in T3 at 39.33±4.03 and 44.06±4.09 days, 

respectively those were significantly the lowest with the fish density of 4.90 kg 

m
-3

. The highest and the lowest cowpea production were 4.61±0.88 and 

2.50±0.71 kg m
-2

 in T3 and T4, respectively. However, the highest fish 

production was 14.76±0.71 kg m
-3 

in T4, although T3 performed better in the 

case of other components, where most of the fish growth parameters were 

statistically similar among the treatments. Moreover, almost all the proximate 

compositions of cowpea and fish were statistically similar except that the 

moisture content in the tilapia and ash content in cowpea were significantly 

different. The study showed that the stocking density of the tilapia of 4.90 kg m
-

3
 resulted in higher production of cowpea by maintaining good water quality for 

the plant compared to the other stocking densities.  

mailto:salamaqua@bau.edu.bd
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Hence, the demand of aquaponics is increasing worldwide due to being a soilless system, 

eco-friendly, enhancing organic products, and having a sustainable nature (Love et al., 

2015; dos Santos, 2016; Junge et al., 2017). Considering the commercial as well as 

technological perspectives, the goal of this system is to maintain the suitable environment 

for fish and plant, removing toxic excreta, and other growth-inhibiting elements from the 

system (Endut et al., 2016). In aquaponics, various inert media are used instead of soil as 

the base of plant and moisture retention in the root zone irrigating fish wastewater where 

plants serve as a bio-filter (Salam et al., 2014). The aquaponics mimics the natural 

ecosystem in combination of fish, plant, and microorganisms, where fish and plants are 

visible, but the microorganisms remain behind the scene. The fish metabolites and 

uneaten feed in the fish tank are the basis of nutrients in the system which contain 

dissolved nitrogen, calcium, phosphorus, sodium, boron, organic and inorganic 

compounds and other solids (Effendi et al., 2016; Delaide et al., 2017; Lennard & 

Goddek, 2019).  

The nutrients uptake by the plants depend on environmental factors such as air 

and water temperature in the plant root zone, level of nutrients in the water, pH, plant 

growing phase, and the growth rate of the plants (Buzby & Lin, 2014). Bacteria are 

involved in the nitrification process where toxic ammonia from fish waste is converted to 

nitrite and then to nitrate which is less toxic for fish (Wongkiew et al., 2017; Eck et al. 

2019a). The nitrogen is taken up by plants in both the ammonium and nitrate form which 

it is controlled by nutrient concentrations and physiology of plants (Endut et al., 2016; 

Maucieri et al., 2019a). The nitrates are rapidly absorbed by the roots without toxicity, 

whereas, higher ammonia have phytotoxic effects on plants. Excessive nitrogen supply 

enhances vegetative growth of plants and chlorophyll content in leaves; hence, it can 

result in low fruit yield and higher moisture content in the plant tissue (Maucieri et al., 

2019a). The nutrients uptake by the root in the soilless system vary with the water quality 

parameters such as pH and oxygen supply for nitrifying bacteria, electrical conductivity 

and synergy-antagonism of dissolved ions (Wortman, 2015; Eck et al., 2019a; Nadia et 

al., 2020). The nutrient absorption by the roots may be restricted when water pH is more 

than 7 due to precipitation of dissolved salts (Lennard & Goddek, 2019; Maucieri et 

al., 2019b). Physiology of plant depends on microbial activity in the root zone (Bartelme 

et al., 2018). Furthermore, it depends on the root morphology which is greatly influenced 

by nitrogen and phosphorus supply in the system (Razaq et al., 2017).  

The performance of aquaponics as well as production of fish and plant directly 

depend on the balance of nutrients in the water which can be achieved by design and 

sizing of the system correctly (Buzby & Lin, 2014; Somerville et al., 2014). The 

appropriate fish stocking density can provide suitable concentration of ammonium and 

nitrate nitrogen that are adequate for the successive plant growth (Endut et al., 2016; 

Effendi et al., 2016) though the potassium, phosphorus, iron, and calcium levels are 

sometimes insufficient for maximum plants yield in aquaponics (Bittsanszky et al., 
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2016; Schmautz et al., 2017). Large plant growing bed with few stocked fish may result 

in good water quality for the fish, but it will slower the plants vegetative growth and 

lessen total crop yield, whereas, small plant growing bed with higher stocking density of 

fish will result in excessive nutrients accumulation in the fish tank which is against the 

fish welfare (Somerville et al., 2014; Endut et al., 2016; Yildiz et al., 2017). But it is 

also important to consider that, the plants demand for macro and micronutrients depend 

on the fish species, fish and plant growth stage, season, and environmental conditions 

(Baxter, 2015; Nozzi et al., 2018; Maucieri, 2019a).  

Fruit plants commonly grown in aquaponics are tomato (Yogev et al., 2016; 

Monsees et al., 2017; Yang & Kim, 2020), eggplant (Ayipio et al., 2019), cucumber 

(Graber & Junge, 2009), pepper (Wortman, 2015), strawberry (Somerville et al., 2014; 

Ayipio et al., 2019) and pumpkin (Oladimeji et al., 2018). The popular vegetable, 

cowpea (Vigna unguiculata L. Walp.) can be grown in aquaponics as it is a widely 

cultivated annual crop having low-nutrient requirements for its growth and fruit 

production. The cowpea grows well in a wide range of temperature (18 to 28°C), low-

fertile soil, and has the ability to tolerate abiotic stress and a wide range of pH compared 

to other legumes (Badiane et al., 2014; Kebede & Bekeko, 2020). Leguminous plants 

grow well in newly established aquaponics as it can fix nitrogen from the atmosphere 

(Somerville et al., 2014). The Nile tilapia (Oreochromis niloticus) is an omnivorous fish 

and extensively used in aquaponics (Love et al., 2015; Wang et al., 2016); because it can 

tolerate a wide range of environmental conditions and adapt well in aquaponics (Effendi 

et al., 2016; Makori et al., 2017; Nadia et al., 2020). There are few studies on 

aquaponics at different fish stocking densities with different vegetables (Hussain et al., 

2014; Goddek et al., 2015; Knaus & Palm, 2017; Maucieri et al., 2019b), but 

aquaponics with the cowpea and the tilapia has not been studied yet. Consequently, the 

present study was aimed to test the effect of stocking tilapia in four different densities on 

the water quality, plant and fish growth, proximate composition of the tilapia, plant and 

cowpea production in aquaponics. 

MATERIALS AND METHODS  

 

Experimental setup 

The experiment was carried out at the “BAU Aquaponics Oasis” Laboratory, 

Department of Aquaculture, Faculty of Fisheries, Bangladesh Agricultural University 

(BAU), Mymensingh from the 5
th

 of July to the 2
nd

 of October 2018. Each sub-system 

was mainly comprised of a fish holding tank (0.74 m
3
), a cowpea growing bed (0.57 m

2
), 

siphoning tube, irrigation pump and air pump. Media based aquaponics was chosen for 

this experiment where four treatments were used such as 2.94, 3.92, 4.90 and 5.88 kg m
-3

 

noted as T1, T2, T3 and T4, respectively with three replicates following randomized 

complete block design.  
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Cowpea sapling production 

Indian Institute of Vegetable Research, Varanasi developed a bush variety of 

cowpea (Lal et al., 2016) which is known as Kashi-Kanchan [Vigna unguiculata (L.) 

Walp.] and was used in the experiment. The seeds were sown 25 days before 

transplantation in the aquaponics. Initially, cowpea seeds were collected from Bangladesh 

Agricultural Research Institute (BARI), Gazipur, Bangladesh and soaked in water for an 

overnight. Then the seeds were placed in a tray filled with mixture of 50% coco-dust and 

50% vermicompost. After spraying water, the tray was covered with a paper sheet. A 

week after seed germination, saplings were transferred into individual plastic disposable 

cup containing same ratio of coco-dust and vermicompost for hardening. It was done to 

reduce plant stress and stimulate adaptation mechanism which enhances the plant growth 

and productivity in the aquaponics (Masrufa et al., 2016).  

Bed preparation for cowpea cultivation  

Six cylindrical plastic drums were cut into two equal halves to make 12 cowpea 

beds for four treatments with triplicates. Before transplanting the saplings, the beds were 

cleaned with KMnO4 and watered and then sun dried. A hole was made underneath each 

container to make an outlet for draining the water to the fish tank. A T-stopper was also 

fitted in the hole of the grow beds to connect and control water flow. A perforated plastic 

standpipe was placed in one side of the bed for collecting irrigated water and draining 

easily to the fish tanks. Newly broken brick lets were sieved, washed, and put in the bed 

as media prior to plantation of saplings. Four to five liter water from an existing 

aquaponics was collected and sprayed on the brick lets in the newly set-up beds for seven 

days to initiate nitrifying bacterial growth following the procedure of Estim et al. (2018). 

Six cowpea saplings with average shoot height (11.91±0.15 cm) was planted in two rows 

in each bed. Number of plants per m
2
 was determined considering the guideline of 

Somerville et al. (2014) who recommended 4-8 plants per m
2
 for fruiting vegetables in 

aquaponics. 

Fish tank preparation  

After washing with KMnO4 and sun drying, the fish tanks were filled with 200 L 

clean underground water and kept for a week providing aeration. Juveniles of the Nile 

tilapia were collected and acclimatized for a week before stocking in separate tanks. After 

acclimatization, the tilapia having average weight of 72.56±4.25 g were released in T1, 

T2, T3 and T4 at 2.94, 3.92, 4.90 and 5.88 kg m
-3 

as
 

initial stocking densities, 

respectively. The stocking density was maintained considering the minimum density to 

provide sufficient nitrogen for plant growth and maximum acceptable range for organic 

aquaculture (Maucieri et al., 2019b). 
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Fish rearing 

Imported commercial floating pelleted feed (Skretting, Neutreco International, 

Vietnam) was supplied manually twice daily (10 AM and 4 PM) at 3% of the total fish 

biomass. A submergible water pump (18 W) was set in each tank to irrigate the water to 

the cowpea bed, and an air-pump (35 W) having six nozzles was set to supply dissolved 

oxygen to three fish tanks with two nozzles with perforated stones in each tank. The 

water was irrigated from 9 am to 5 pm, and aeration was continued for 24 hr throughout 

the experiment. There was no water replacement during the experimental period except 

adding lost water through evaporation every week. Moreover, solid wastes consisting of 

uneaten feed and fish waste were removed from the bottom of the tanks every day 

through siphoning. 

Growth performance and production of cowpea  

Shoot height measurement was started from plantation and measured fortnightly 

from the surface of media to the top of the main stem using a measuring tape. The height 

of the 1
st
 branch and the 1

st
 flower appearance in each plant were also recorded. 

Moreover, days for appearing the 1
st
 flower and pod after sowing were observed and 

recorded. Mature and market size cowpea pods were harvested regularly, and length and 

weight were recorded. At the end of the experiment, all the plants were pulled out from 

the beds and the length and weight of shoots and roots were measured and recorded. 

Weight of individual root was divided by individual shoot weight to get root-shoot ratio.  

Sampling and harvesting fish 

The length and weight of the tilapia were measured fortnightly with a 

measurement board and an electronic balance (AND EK 600i), respectively. The fish 

growth parameters such as length gain, percent length gain, weight gain, percent weight 

gain, specific growth rate (SGR), food conversion ratio (FCR), survival rate and 

production were calculated following the formula used by Moniruzzaman et al. (2015). 

Water quality parameters of fish tanks 

Water temperature, dissolved oxygen (DO) and pH were measured weekly using a 

laboratory thermometer, a Lutron Dissolved Oxygen meter PDO-519, and an Oakton 

EcoTestr
TM

 pH 2+ Pocket pH Meter, respectively. Ammonia (NH3), nitrite (NO2) and 

nitrate (NO3) were measured fortnightly using „API Freshwater Master Test Kits, United 

States‟, where test kits and color strips were used to measure the value. Moreover, 

electrical conductivity (EC) and total dissolved solids (TDS) were also measured 

fortnightly with E-1 portable TDS and EC meter. Concentration of potassium (K), 

calcium (Ca), magnesium (Mg), boron (B), copper (Cu), sulfur (S), phosphorus (P), zinc 

(Zn), iron (Fe) and manganese (Mn) in the fish tank water were measured twice, at the 

beginning and the end of the experiment. 
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Proximate composition determination 

Proximate composition of cowpea, fish, and fish feed (moisture, crude protein, 

crude lipid, crude fiber, ash and carbohydrate) were determined following AOAC (2019) 

method after finishing the trial. 

Data processing and analysis 

The data were statistically analyzed for variance and one-way ANOVA using SPSS 

20.00 (Statistical Package for Social Sciences), and significant differences among the 

mean values of the treatments were compared using Duncan‟s Multiple Range Test 

(DMRT) considering 5 and 1% level of probability. 

RESULTS AND DISCUSSION 

 

Water quality parameters 

The water temperature fluctuated throughout the study ranging from 26.33 to 

32.00 °C (Fig. 1), and the mean values were statistically similar among the treatments in 

the present study (Table 1). Dissolved oxygen (DO) in T1, T2, T3 and T4 were 

6.05±1.26, 6.50±1.06, 5.97±1.19, and 5.81±1.06 mg L
-1

,
 
respectively which was also 

statistically similar (P> 0.05) among the treatments. The range of water temperature and 

DO were suitable for plant, fish, and micro-organisms in bio-filter during trial 

(Somerville et al., 2014; Maucieri et al., 2019b). 

The highest mean pH value was recorded in T4 (7.94±0.27), and slightly alkaline pH 

was observed in all the treatments (ranging from 7.13 to 8.33) throughout the 

experimental period (Fig. 1& Table 1). The pH values were significantly different among 

the treatments (P< 0.05) and those were suitable for the tilapia and microbial population 

(Makori et al., 2017). But they were bit higher than the recommended range (pH 5.5-7.5) 

for plant growth (Somerville et al., 2014). Effendi et al. (2016) reported pH value of 

6.38-8.14 in aquaponics with the tilapia and romaine lettuce at fish stocking density of 

3.12 kg m
-3

, and their findings was similar to the present findings. 

The ammonia (NH3) content in the fish tank water increased with the increasing 

fish density (P≤ 0.01), whereas the lowest and the highest concentration were found in T1 

(1.02±0.26 mg L
-1

) and T4 (2.88±1.31 mg L
-1

), respectively. Furthermore, NO2 

concentration was also showed significant increment with the increasing fish biomass in 

the treatments (P< 0.05) and the concentration in T4 was 56, 54 and 29% higher 

compared to T1, T2 and T3, respectively (Table 1). NO3 values progressively increased 

with the fish density recording 17.14±6.36, 20.00±8.16, 23.10±10.95 and 27.14±12.20 

mg L
-1

 in T1, T2, T3 and T4, respectively. The highest values of NH3, NO2 and NO3 in 

T4 might be due to the higher organic matter produced and accumulated in the fish tanks 

including feed residues and feces. Moreover, NH3 and NO2 values were much higher than 

the values reported by Effendi et al. (2016) and Nozzi et al. (2018). The NO3 contents in 

the fish tank water were statistically similar among the treatments which might be due to 
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the smoothly working bio-filtration and bacterial colony existing in the system. However, 

NO3 values in the present study were somehow lower than the those reported by Nozzi et 

al. (2018) and Oladimeji et al. (2018).  Remarkably, the present values of  NO3 were 

higher than those of Effendi et al. (2016).  

 

Fig. 1 (a) Water temperature (b) pH (c) DO (d) NH3 (e) NO2 and (f) NO3 concentrations 

in T1, T2, T3 and T4 throughout the experiment and symbols (dots) represent measured 

values on different sampling dates. 

 Here, T1, T2, T3 and T4 indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3 

tilapia
 
stocking

 

densities, respectively. 
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Table 1. Effect of the tilapia density on water temperature, pH, DO, NH3, NO2, NO3, 

TDS and EC in the fish tanks of aquaponics.  

Traits T1  T2  T3  T4  
Signifi

cance 

Water 

temperature 

(°C) 

29.18±1.69a 29.02±1.47a 29.28±1.43a 29.29±1.25a NS 

DO  

(mg L
-1

) 

6.05±1.26a 6.50±1.06a 5.97±1.19a 5.81±1.06a NS 

pH 7.61±0.31a  7.77±0.34ab 7.89±0.31b 7.94±0.27b * 

NH3  

(mg L
-1

) 

1.02±0.26a 1.81±0.82ab 2.47±1.04b 2.88±1.31b ** 

NO2  

(mg L
-1

) 

0.67±0.49a 0.70±0.41a 1.10±0.57ab 1.54±0.69b * 

NO3  

(mg L
-1

) 

17.14±6.36a 20.00±8.16a 23.10±10.95a  27.14±12.20

a 

NS 

TDS  

(mg L
-1

) 

188.36±36.4

5a 

202.46±39.0

9ab 

228.57±47.87

bc 

249.51±57.1

2c 

** 

EC  

(µs cm
 -1

) 

402.00±111.

14a 

407.25±100.

72a 

486.06±115.8

6b 

508.89±120.

15b 

* 

Here, T1, T2, T3 and T4 indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3

 tilapia
 
stocking

 

densities, respectively. Means (±SD) were calculated from three replicates for each 

treatment. Bars with different letters are significantly different at P≤ 0.05 applying 

Duncan‟s Multiple Range Test (DMRT) and same letters indicate non-significance where 

P> 0.05. * indicates significance at P< 0.05; ** indicates significance at P≤ 0.01 and NS 

means non-significance. 

Moreover, the fish densities significantly influenced TDS and EC contents (P≤ 0.01 

for TDS; P< 0.05 for EC) of fish tank water (Table 1). The EC values in the present study 

were lower than the findings of Nozzi et al. (2018), who reported EC values of 760-1042 

µs cm
-1

 in aquaponics without any fertilizer supplementation. The lower EC values in the 

present study might be due to the continuous absorption of nutrients by the root system of 

cowpea. Moreover, the higher the densities, the higher anion and cation are combined in 

the fish tank water, as microbial population contributed to process the particulates and 

enhanced TDS concentrations (Bittsanszky et al., 2016).  

Significant increase of K, Ca, Mg, B, Cu and S concentration was observed with 

the increasing fish densities in the fish tank water (Table 2). Moreover, P concentration in 

T2 was 51, 17 and 35% higher compared to T1, T3 and T4, respectively. On the other 

hand, the concentration of Zn, Fe and Mn were statistically similar among the treatments. 



981                                                     Effect of tilapia density on cowpea production in aquaponics 
 

 

 

Maucieri et al. (2019b) also reported significantly higher P, Mg, K, Na, Ca and S with 

the higher fish densities. The phosphorus is an important nutrient for vegetative growth of 

cowpea, root growth and yield (Karikari et al., 2015). Moreover, K, P, Cu, Zn and Fe 

concentrations were close to the findings of Bittsanszky et al. (2016) in aquaponics, 

whereas, Ca, Mg and Mn concentrations were lower than those of Bittsanszky et al. 

(2016); Nozzi et al. (2018) and Maucieri et al. (2019b). Delaide et al. (2016) observed 

that, aquaponics water lacked K, P, Fe, Cu, Zn and Mn, where the only source for Mg, 

Ca, B, Cu, and S was the aquaponics water. 

Table 2. Effect of the tilapia density on K, Ca, Mg, B, Cu, S, P, Zn, Fe and Mn 

concentration in the fish tanks water. 

Traits 
mg L

-1
 

Significance 
T1  T2  T3  T4 

K 44.70±3.62a  47.11±4.00a 48.46±2.02a 61.79±10.93b * 

Ca 11.00±0.92a 12.26±0.91a 14.98±1.11b 18.32±1.32c ** 

Mg 6.33±0.18a 6.18±0.47a 7.66±0.41b 8.13±0.39b ** 

B 0.21±0.03a 0.33±0.05b 0.40±0.08b 0.58±0.02c ** 

Cu 0.04±0.02a 0.03±0.02a 0.09±0.03b 0.11±0.02b ** 

S 9.36±0.30b 8.05±0.86a 11.62±0.58c 12.08±0.24c ** 

P 4.26±0.44a 8.77±2.13c 7.25±1.46bc 5.68±0.55ab * 

Zn 0.12±0.02a 0.18±0.06a 0.13±0.02a 0.14±0.04a NS 

Fe 0.01±0.01a 0.01±0.01a 0.01±0.01a 0.02±0.01a NS 

Mn 0.53±0.20a 0.33±0.28a 0.26±0.06a 0.15±0.04a NS 

Here, T1, T2, T3 and T4 indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3

 tilapia
 
stocking

 

densities, respectively. Means (±SD) were calculated from three replicates for each 

treatment. Bars with different letters are significantly different at P≤ 0.05 applying 

Duncan‟s Multiple Range Test (DMRT). Similar letters indicate non-significance where 

P> 0.05. * indicates significance at P< 0.05; ** indicates significance at P≤ 0.01 and NS 

means non-significance. 

Cowpea plant growth performance and yield  

In the present study, the cowpea growth was observed up to last sampling and an 

increasing trend of shoot height was observed from lower (T1) to higher fish density 

(T4). The cowpea shoot height was significantly different (P< 0.05) among the treatments 

at the 3
rd

, the 4
th

 and last sampling (Fig. 2). From the cowpea sowing date to the 

appearance of the 1
st
 flower and the 1

st
 pod and the number of pod picking per plant was 

significantly (P≤ 0.01) influenced by the fish densities (Table 3). The pods per plant and 

cowpea production from each treatment was also significantly (P< 0.05) increased with 

the increasing fish densities, whereas T3 showed the highest production. The cowpea 

production in T3 was 24, 17 and 42% higher than T1, T2 and T4, respectively. 
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Fig. 2 Recorded shoot height at different sampling dates. Mean (±SD) was calculated 

based on three replications of each treatment where, T1, T2, T3 and T4 indicate 2.94, 

3.92, 4.90 and 5.88 kg m
-3 

stocking
 
densities of the tilapia, respectively. Bars with 

different letters are significantly different at P≤ 0.05 applying Duncan‟s Multiple Range 

Test (DMRT) and same letters indicate non-significance where P> 0.05. 

The cowpea plant height changed depending on the cowpea variety, growth 

performances and duration of culture (Karikari et al., 2015). The root length of cowpea 

in T2 was 27, 2 and 18% higher than T1, T3 and T4, respectively (Table 3). The higher P 

concentration in the present study might have contributed to root length that increased as 

P requires comparatively large quantities where metabolism and cell division are higher 

(Karikari et al., 2015). Dipikaben et al. (2018) reported final shoot height of 83.44 cm 

and production of 1.49 kg m
-3

 in 90 days of soil-grown cowpea (Kashi-Kanchan), 

however, 58% higher production was achieved in the present study (3.51 kg m
-3

 in 91 

days). Moreover, Kyei-Boahen et al. (2017) reported 20.3-26.7 cowpea pod per plant 

after inoculating phosphorus fertilizer at different rates in soil based trial in consecutive 

two growing seasons. In the present study, T3 showed better nutrient combination for the 

commencement of flowers and pods, pod numbers, picking time and production than the 

other treatments. Somerville et al. (2014) stated that, excessive nitrates level results in 

delay of flowering in legume crops which is in the line with the present study findings. 

The pH value in T4 was more than 7.5 in all the samplings except for the 1
st
 sampling and 

the highest pH value might have resulted in nutrients imbalance and less production in 

the treatment than the other treatments (Soti et al., 2015). Wortman (2015) reported that, 

EC level of 500-1000 µs cm
-1

 and slightly alkaline pH combinedly reduced the crop yield 

of leafy and fruity vegetables up to 76%. Maucieri et al. (2019b) reported that, 2.50 kg 

m
-3 

European carp (Cyprinus carpio L.) stocking density influenced positively the water 
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quality and achieved the best production of catalogna, lettuce and Swiss chard in 

aquaponics. 

Table 3. Final shoot height, shoot weight, root length, root weight, root-shoot ratio, 

height of the 1
st
 branch, height of the 1

st
 flower, pod plant

-1
, picking plant

-1
, pod length, 

pod weight and cowpea production in the tilapia-based aquaponics. 

Traits T1  T2  T3  T4 
Signifi

cance 

Final shoot 

height (cm) 

82.21±3.62a 84.95±2.08a 87.93±3.86ab 91.57±3.34b * 

Shoot 

weight (g) 

96.62±8.86a 91.16±6.81a 101.44±4.88a 86.64±8.40a NS 

Root length 

(cm) 

16.29±5.97a 22.46±6.90b 22.00±6.58b 18.48±7.17ab * 

Root weight 

(g) 

13.38±3.73a 13.49±1.64a 11.53±1.52a 11.04±1.61a NS 

Root-shoot 

ratio 

0.15±0.09a 0.16±0.05a 0.15±0.06a 0.12±0.04a NS 

Height of 1
st
 

branch 

14.33±1.01a 13.10±2.41a 12.83±1.08a 14.94±0.41a NS 

Height of 1
st
 

flower 

39.59±3.52a 32.43±3.86a 33.70±3.60a 35.00±3.71a NS 

Days for 1
st
 

flower 

appearance 

42.39±4.78b 41.50±4.11ab 39.33±4.03a 45.56±3.60c ** 

Day for 1
st
 

pod 

appearance 

46.50±4.11ab 47.28±4.81b 44.06±4.09a 51.44±4.00c ** 

Pod plant
-1

 40.27±6.18ab 43.55±4.11b 47.34±5.30b 30.50±7.15a * 

Picking 

plant
-1

 

11.28±0.96b 11.83±0.73b 15.00±0.44c 9.72±0.92a ** 

Pod length 

(cm) 

22.06±0.64a 22.44±1.11a 22.40±0.66a 21.96±0.92a NS 

Pod weight 

(g) 

11.54±5.03a 15.27±18.07a 13.05±7.04a 10.87±3.12a NS 

Cowpea 

production 

(kg m
-2

) 

3.32±0.53ab 3.58±0.58ab 4.61±0.88b 2.50±0.71a * 

Here, T1, T2, T3 and T4 indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3 

fish
 
stocking

 

densities, respectively. Means (±SD) were calculated from three replicates for each 
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treatment. Bars with different letters are significantly different at P≤ 0.05 applying 

Duncan‟s Multiple Range Test (DMRT) and similar letters indicate non-significance 

where P> 0.05. * indicates significance at P< 0.05; ** indicates significance at P≤ 0.01 

and NS means non-significance. 

Growth performance of tilapia and production  

Fish length and weight of the tilapia were fluctuated among the treatments 

throughout the experimental period (Fig. 3). Length gain, percent length gain, weight 

gain and FCR were statistically similar among the four treatments (Table 4). On the other 

hand, SGR were significantly reduced with the higher fish stocking densities (P< 0.05), 

and the values were 1.17±0.04, 1.14±0.08, 1.07±0.05, and 1.02±0.05 % d
-1

 in T1, T2, T3 

and T4, respectively. Moreover, the highest and the lowest survival rates were in T2 

(96.67±1.44%) and T1 (90.00±3.33%), respectively. However, fish production was 

almost double in T4 (14.76±0.71%) than T1 (7.26±0.18%) which was significantly higher 

(P≤ 0.01) as well. 

In the current study, the SGR of fish decreased with the increasing density of fish 

which might have been resulted from the competition for space and feed (Hussain et al., 

2014; Moniruzzaman et al., 2015; Maucieri et al., 2019b). The FCR in the present 

study were statistically similar among the treatments, a result which coincides with the 

findings of Qi et al. (2016). The survival of the tilapia (92 to 98%) was not influenced by 

the increasing fish densities and the survival rate is similar to that of Salam et al. (2014). 

The tilapia stocked in aquaponics at 4.0 kg m
-3

 for 42 days showed similar fish survival 

rate (93%) to the present study, but dissimilarity was detected with respect to the FCR 

(1.78 on average) (Effendi et al., 2016). In the contemporary study, the tilapia production 

increased with the increasing fish densities (T1 to T4), here the water quality did neither 

affect the fish production nor the survival rate. Moniruzzaman et al. (2015) reported 

similar result in cage culture of the tilapia, where production increased up to 0.76 to 1.52 

kg m
-3

 then declined at the stocking density of 1.90 kg m
-3

.
 
Moreover, Maucieri et al. 

(2019b) also reported the highest tilapia production in the higher density regardless of 

higher pH, NH3, NO2 and NO3 that might have been due to the buffering mechanism and 

symbiosis action in aquaponics. Mustapha and Atolagbe (2018) also reported higher 

survival of the tilapia fingerlings at pH 8.0 compared to the lower pH (3.0 to 6.0) level. 
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Fig. 3 (a) Length and (b) weight of tilapia at different sampling dates. Mean (±SD) was 

calculated based on three replications of each treatment where, T1, T2, T3 and T4 

indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3

 stocking
 
densities of tilapia, respectively. Bars 

with different letters are significantly different at P≤ 0.05 applying Duncan‟s Multiple 

Range Test (DMRT) and same letters indicate non-significance where P> 0.05. 

Proximate composition of cowpea and tilapia 

The proximate composition analysis of cowpea showed that only the ash content 

was significantly different (P≤ 0.01) among the treatments. In case of proximate 

composition of tilapia, only the moisture content in T2 (74.99±0.61%) was significantly 

higher (P≤ 0.01) than the other treatments (Table 5& Fig. 4), whereas, the supplied fish 

feed was the same in all the treatments in the study consisting of 12.24, 28.31, 6.88, 5.20, 
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8.79 and 38.58% moisture, crude protein, crude lipid, crude fiber, ash and carbohydrate, 

respectively (Table 5). 

Table 4. Growth performance of the tilapia produced in four different stocking densities 

in the aquaponics. 

Traits T1  T2  T3  T4  
Signifi

cance 

Length gain 

(cm) 

4.34±0.12a 4.48±0.43a 4.33±0.62a 4.03±0.56a NS 

Percent length 

gain (%) 

26.13±0.52a 26.84±2.65a 25.62±3.95a 24.01±3.26a NS 

Weight gain 

(g) 

128.65±7.40a 129.92±4.50a 119.09±5.84a 121.51±8.42a NS 

Percent 

weight gain 

(%) 

183.5±18.65b 190.58±12.20b 152.77±10.06

a 

165.21±10.27

ab 

* 

Specific 

growth rate 

(% d
-1

) 

1.17±0.04b 1.14±0.08b 1.07±0.05ab 1.02±0.05a * 

FCR 1.94±0.55a 2.01±0.76a 2.26±0.86a 2.16±0.84a NS 

Survival rate 

(%) 

90.00±3.33a 96.67±1.44a 93.33±1.15a 92.78±4.20a NS 

Tilapia 

production 

(kg m
-3

) 

7.26±0.18a 10.45±0.37b 12.52±0.43c 14.76±0.71d ** 

Here, T1, T2, T3 and T4 indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3 

tilapia
 
stocking

 

densities, respectively. Means (±SD) were calculated from three replicates for each 

treatment. Bars with different letters are significantly different at P≤ 0.05 applying 

Duncan‟s Multiple Range Test (DMRT) and similar letters indicate non-significance 

where P> 0.05. * indicates significance at P< 0.05; ** indicates significance at P≤ 0.01 

and NS means non-significance.  
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Table 5. Mean moisture, crude protein, crude lipid, crude fiber, ash and carbohydrate 

content in cowpea, fish and feed in four treatments in the tilapia based aquaponics. 

Nutrient 

components 

% Signif

icance T1  T2  T3  T4 

Moisture 

Cowpea 84.50±0.95a 83.93±0.94a 83.96±0.59a 84.21±0.63a NS 

Tilapia 73.02±0.48a 74.99±0.61b 73.03±0.88a 73.57±0.58a ** 

Feed 12.24 12.24 12.24 12.24 - 

Crude 

protein 

Cowpea 2.17±0.07a 2.15±0.06a 2.05±0.12a 2.07±0.08a NS 

Tilapia 14.97±0.63a 14.58±0.44a 15.37±0.39a 15.40±0.13a NS 

Feed 28.31 28.31 28.31 28.31 - 

Crude 

lipid 

Cowpea 0.89±0.10a 0.79±0.02a 0.83±0.04a 0.90±0.03a NS 

Tilapia 4.55±0.22a 4.40±0.32a  4.69±0.70a 4.06±0.10a NS 

Feed 6.88 6.88 6.88 6.88 - 

Crude 

fiber 

Cowpea 5.46±0.40a 5.91±0.32a 5.90±0.17a 6.04±0.41a NS 

Tilapia 1.21±0.22a 1.18±0.05a 1.28±0.05a 1.17±0.07a NS 

Feed 5.20 5.20 5.20 5.20 - 

Ash 

Cowpea 2.33±0.13a  2.27±0.06a 2.13±0.17a 2.56±0.06b ** 

Tilapia 5.25±0.52a 4.78±0.56a 4.72±0.65a 5.00±0.12a NS 

Feed 8.79 8.79 8.79 8.79 - 

Carbohyd

rate 

Cowpea 4.42±1.06a 4.94±0.88a 5.12±0.52a 4.45±0.50a NS 

Tilapia 1.00±0.83a 0.41±0.43a 0.90±0.75a 0.47±0.38a NS 

Feed 38.58 38.58 38.58 38.58 - 

Here, T1, T2, T3 and T4 indicate 2.94, 3.92, 4.90 and 5.88 kg m
-3 

fish
 
stocking

 

densities, respectively. Means (±SD) were calculated from three replicates for each 

treatment. Bars with different letters are significantly different at P≤ 0.05 applying 

Duncan‟s Multiple Range Test (DMRT) and similar letters indicate non-significance 

where P> 0.05. ** indicates significance at P≤ 0.01 and NS means non-significance. 

The analyzed proximate compositions of cowpea of the present study are similar to 

the findings of USDA-ARS (2019), where they reported 86, 3.3, 0.3, 3.3 and 9.5% 

moisture, crude protein, crude lipid, crude fiber and carbohydrate, respectively in fresh 

cowpea pod. Moreover, the crude fiber and crude lipid content of cowpea in the present 

experiment are much higher than those of USDA-ARS (2019) but similar (5.47 to 5.53%) 

to the outcomes of Noor et al. (2014). In case of the tilapia proximate composition, all 

the components were similar and fish density did not have an effect on the proximate 

composition except moisture content. Moniruzzaman et al. (2015) reported that the 

highest density had significantly low amount of lipid and carbohydrate contents 

compared to the lower fish densities. By contrast, in present aquaponics study, the values 

were similar which might be due to good water quality, favorable environment and less 
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energy expense and homeostasis in all the treatments. Lam et al. (2015) reported 76% 

moisture, 16% protein, 4% lipid and 4% ash content in the tilapia in the spinach-tilapia 

based aquaponics study. Moreover, the protein content in the feed was sufficient for the 

tilapia growth and welfare of fish as omnivorous fishes require 25-35% protein in their 

feed (Somerville et al., 2014). 

 

Fig. 4 Conceptual model on the significant effects of four treatments on tank water, 

cowpea, and the tilapia in aquaponics.  

Here, T1: 2.94 kg m
-3

 stocking
 
density of the tilapia; T2: 3.92 kg m

-3
 stocking

 
density 

of tilapia; T3: 4.90 kg m
-3

 stocking
 
density of tilapia; T4: 5.88 kg m

-3
 stocking

 
density of 

tilapia; RL: root length; PDN: pod number; PN: picking number; CP: cowpea production; 

TFL: time for flowering; TFR: time for fruiting, CA: crude ash; SGR: specific growth 

rate; TP: tilapia production. In the diagram, vertical black lines are used to differentiate 

the treatments plots; the horizontal red line indicates media base of plants. Moreover, the 

width of the horizontal and colorful stripes indicate significant differences among the 

treatments. The highest and the lowest plant heights are shown in the plot of T4 and T1, 

respectively. Six flowers and cowpeas in T3 indicate the highest cowpea production; two 

flowers and cowpeas in T4 represent the lowest production of cowpea. 

CONCLUSION 

 

In the present study, cowpea production increased with the increasing fish density 

from 2.94 to 4.90 kg m
-3

, and then drastically reduced at the highest fish density (5.88 kg 

m
-3

). However, only fish production was increased with the increasing fish density and 

the highest production was achieved in T4, whereas, SGR of the tilapia reduced with the 

increasing fish density. Moreover, higher fish densities provided higher quantities of 

dissolved nutrients for plants but, higher ammonia, nitrite and nitrate escalated the water 

pH which reduced the nutrients absorption by the cowpea root system. Such combination 
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resulted in late flower and fruit initiation and lowered the yield of cowpea significantly in 

T4 (5.88 kg m
-3

). A conceptual diagram on the present experiment is presented in the Fig. 

(4). The pH control in this study could have enhanced the cowpea production like fish 

with the increasing fish densities utilizing the higher amount of nutrients available in the 

water than that in the lower fish density. The increasing fish stocking density acted 

positively on the fish and vegetable production up to a certain stage, then cowpea could 

not withstand higher nutrients in aquaponics water. Therefore, considering the water 

quality parameters, EC, nutrient concentrations, cowpea and fish production, the fish 

density of 4.90 kg m
-3

 (T3) could be considered suitable fish stocking density in 

aquaponics to optimize legume crops. 
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