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ABSTRACT 
Aquaponic plants absorb dissolved nutrients from fish wastewater for growth. This 
improves water quality and promotes growth and health of fish. However, the 
nutrient removal capacity of some plant species within aquaponics remains 
underexplored. This study investigated the potential of three plant species: sweet 
wormwood (Artemisia annua), pumpkin (Cucurbita pepo) and amaranth 
(Amaranthus dubius) for biofiltration within a media-based aquaponic system. In 
addition, the growth performance of plants and Nile tilapia (Oreochromis niloticus) 
within the system was evaluated. Artemisia annua recorded significantly higher 
removal rates for ammonia (52.5 ± 19.9%), nitrate (61.6 ± 9.02%), and nitrite (41.9 ± 
8.7%) compared to other plant species. In contrast, C. pepo exhibited the lowest 
nutrient removal efficiency. Most water quality parameters, except for ammonia and 
dissolved oxygen, remained within the optimal range for O. niloticus growth during 
the experiment. Significantly higher (P˂0.05) fish growth rates (0.33 ± 0.006 g/day) 
were observed in A. annua than other treatments. Similarly, A. annua produced the 
highest plant yield (0.49 ± 0.02 kg/m²), while C. pepo yielded the least (0.29 ± 0.00 
kg/m²). All the studied plants reduced aquaponic system waste, with A. annua 
exhibiting significantly higher biofiltration efficiency, promoting increased fish growth 
and plant yield. This demonstrates their potential for sustainable aquaculture 
through wastewater treatment and healthy fish production in media-based systems. 
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1. INTRODUCTION 
 
Population growth, climate change, pollution, and resource depletion pose serious 
threats to global food security, prompting a renewed focus on novel food production 
methods [1]. In recent decades, advances in agricultural technologies have 
emerged with the potential to meet the increasing demand for food in a growing 
global population [1,37-38]. One such promising technology is aquaponics. 
Aquaponics, a closed-loop system integrating recirculating aquaculture (fish 
farming) and hydroponics (soilless plant cultivation), is gaining traction as a 
sustainable food production method due to its potential for water conservation, 
reduced reliance on chemical fertilizers, and increased food production in controlled 
environments. However, ongoing research and development are crucial to optimize 
its design, improve efficiency, and address limitations for broader global adoption [2, 
3,37]. In aquaponic systems, effluent from the aquaculture subsystem, enriched with 



 

 

dissolved nutrients from fish waste, serves as a nutrient source for plants cultivated 
in the hydroponic unit. Microbial processes and plant uptake effectively reduce 
dissolved nutrient concentrations within the recirculating water, consequently 
improving water quality parameters and fostering a favorable environment for fish 
health [4, 5,6,7, 37-38]. 
 
Several studies have documented the well-established synergistic interaction 
between recirculating aquaculture systems (RAS) and hydroponics, highlighting the 
capacity of plants to use nutrient-rich aquaculture effluent for growth while 
simultaneously improving water quality parameters [4, 6, 8-15,37-38]. However, 
optimizing this synergy requires the strategic selection of plant species with specific 
characteristics. In the context of aquaponics, plant selection prioritizes cultivars with 
rapid maturation cycles and a high level of adaptation to the controlled aquaponic 
environment and the prevailing local climatic conditions [13, 14]. Continued research 
is critical to expand the range of plant varieties available to aquaponic practitioners, 
allowing for the selection of species that optimize production efficiency, resource 
utilization, and overall system sustainability. 
 
This study evaluated the suitability ofsweet wormwood (Artemisia annua), Pumpkin 
(Cucurbita pepo) and amaranth (Amaranthus dubius) for integration into aquaponic 
systems. Artemisia annuais a native Chinese medicinal herb with documented 
adaptation to subtropical climates, such as Kenya [16]. Notably, this species holds 
significant medical importance as the source of artemisinin, a key component of 
artemisinin-based combination therapy (ACT), the primary treatment for malaria 
[16]. Cucurbita pepo and Amaranthus dubius are Kenyan indigenous vegetables 
with established economic value (Abukutsa Onyango, 2007). These species are in 
high demand in both domestic and export markets, presenting an opportunity for 
local farmers in developing countries to increase their income [16,17].The potential 
for aquaponic systems to address this demand is promising, as these systems offer 
the potential for high crop yields while minimizing pest infestations and eliminating 
the need for chemical inputs [6]. 

Previous research has documented the successful cultivation of A. annua within 
aquaponic systems, attributing this success to its extensive root network [2]. This 
extensive root structure offers a substantial surface area for the colonization of 
nitrifying and denitrifying bacteria, which are essential for the biofiltration process 
[2,38-39]. However, a more comprehensive understanding of its biofiltration efficacy 
and growth performance within this specific environment remains elusive. This study 
aims to address this knowledge gap by evaluating: (1) the comparative growth 
performance of A. annua, C. pepo, andA. dubius; (2) the influence of these plant 
species on water quality parameters; and (3) the corresponding effects on the 
growth performance of O.niloticus within a media-based aquaponic system. 

2. MATERIALS AND METHODS  

2.1 Study Location and Components 

The experiment was conducted for 60 days at Aqualife fish farm, Machakos located   
at latitude -1.525134° and longitude 37.185891°. The study compared the growth 



 

 

and yield performance of A. annua, C. pepo, A. dubius and O. niloticus in an 
aquaponic system containing.  Cucurbita pepo and A. dubius were obtained from a 
Kenyan supplier (Simlaw Seeds) while A. annua seeds sourced from Anamed 
International e.V. (Schafweide, Germany) due to their superior qualities, which 
included increased yield, disease resistance, and overall plant health, which were 
not present in locally available varieties. Monosex (all-male) fingerlings of O. 
niloticus were obtained from the Aqualife Fish Farm. 
 

2.2 Experimental set up and Design  

The experiment consisted of three treatments and three replicates representing 
different plant species (A. annua, C. pepo and A. dubius). The treatments were 
systematically assigned to nine identical, coupled aquaponic systems under a 
greenhouse to ensure consistent environmental conditions for fish and plant growth 
(Figure 1).Each system comprised three interconnected components: 500 L 
cylindrical plastic fish tanks, a rectangular hydroponic unit with a volume of 0.1125 
m³ for plant growth, and a two-stage biofiltration system for water treatment. The 
first stage of biofiltration employed a 210 L plastic barrel filled with sand particles of 
varying sizes to remove solid waste materials. The second stage utilized another 
210 L plastic barrel filled with thoroughly rinsed and sun-dried pumice stones as a 
biofilter substrate for promoting the growth of beneficial nitrifying bacteria. A cold 
start method was implementedto activate the biofilter. This involved stocking the 
tanks with 50 O. niloticusfish one month prior to the start of the experiment. The 
introduction of fish supported the development of a natural population of nitrifying 
bacteria within the biofilter media. Fish waste products provided an initial source of 
ammonia, which is the primary energy source for the bacteria, thereby promoting 
their growth [18].The initial average body weights of fish across treatments were: 
92.8 ± 4.2 g (C. pepo), 103.4 ± 8.1 g (A. annua), and 99.8 ± 6.3 g (A. dubia). This 
resulted in stocking densities of 4.7 kg/m3, 5.56 kg/m3, and 5.25 kg/m3 in C. pepo, A. 
annua and A. dubius treatments respectively. To ensure adequate nutrient 
availability for plant growth within the aquaponic system, fish ˃ 90 g were selected 
due to their enhanced waste production. 

 

 



 

 

 
Fig. 1. A schematic diagram of the experimental aquaponics system. (Not to scale).  
Fish tanks are represented by grey circles, whereas hydroponic subsystems are 
represented as rectangular boxes. The flow of water is represented by grey and black 
lines with arrows. Grey arrows represent water inlets, while black arrows represent 
water outlets. 
 

An air pump (˃ 0.03 Mpa, 60 L/min, Aqua Forte, V-60) and porous disc diffusers 
were used to aerate the fish tanks and biofiltration units. To maintain efficient 
biofiltration and prevent clogging, the biofilter and air diffusers were subjected to bi-
weekly cleaning to minimize the accumulation of fine solids.Polyvinyl chloride pipes 
with ball valves were installed to circulate water in the system.Ball valves were used 
to maintain a constant flow rate of 1.42 ± 0.23 L/min in the hydroponic subsystems. 
The flow rate from the hydroponic units ranged between 1.29 and 1.38 L/min. Water 
from the fish tanks was gravity-fed through the sand filter to the sump. A centrifugal 
pump (DPP 60, 0.5 HP, 2500L/hr, 0.37kW) delivered effluent water from the sump 
(6 ± 0.24 L/min) to the biological filter.  The filtered water was then gravity-fed back 
into the fish tanks and hydroponic subsystems. During fish sampling, approximately 
half of the culture water in each fish tank was replaced with clean water biweekly. 
Each hydroponic subsystem's outlet was designed as a bell siphon, with auto-
mechanical water movement initiating the flood and drain mechanism adapted from 
Bruno [19] (Figure 2).  

 
 

 

 
 
 
 

 



 

 

 
Fig. 2. Schematic layout of a hydroponic unit with a bell siphon 

 
2.3 Water Quality Parameters 

Selected water quality parameters (temperature, pH, dissolved oxygen, and 
conductivity) were measured insitu twice daily (0900 and 1600 hrs) in the fish tanks 
and hydroponic subsystems using Hach probes (HACH HQ40d Portable meter, 
Loveland, Colorado, USA). Water samples were collected in triplicate every two 
weeks from the fish tanks, inlet, and outlet of the hydroponic subsystems for a 
period of two months. The samples were analysed for ammonia, nitrate, nitrite and 
phosphorus according to standard methods [20] using benchtop Hanna 
multiparameter photometer (HI83200). Nutrient (ammonia, nitrite, nitrate and 
phosphorus) removal efficiencies of the experimental plants were calculated as the 
change in nutrient concentration in the hydroponic subsystem inlets (treated water 
exits the biofilters) and outlets (treated water exits the hydroponic subsystems) [4]. 

𝑁𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑟𝑒𝑚𝑜𝑣𝑎𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (%)  =  
𝐶𝑖   − 𝐶𝑒

𝐶𝑖
 ×  100                                         (1) 

where Ci = concentration of inlet and Ce = concentration of outlet. 

2.4 Fish and Aquaponic Plants  

Fish were broadcast fed twice a day (09:00h and 16:00h) to satiation with 30% 
crude protein commercial pelleted feed (Raanan, Israel) diet during the study period. 
All fish in each tank were sampled biweeklyand body weight and standard length 
(SL) recorded. Fish were weighed biweekly to reduce handling stress and track 
weight changes. The weight was recorded to the nearest 0.1 g and the mean weight 
calculated. Fish were harvested after 60 days, and final wet weight taken and 
recorded. Fish performance was evaluated using standard growth performance 
indices such as weight gain, specific growth rate (SGR) feed conversion ratio (FCR) 
and survival rate (SR). The performance indices were calculated using the following 
equations. 

𝑊𝑒𝑖𝑔𝑕𝑡𝑔𝑎𝑖𝑛 (𝑔)  =  𝐹𝑖𝑛𝑎𝑙𝑤𝑒𝑖𝑔𝑕𝑡 (𝑔)  −  𝑖𝑛𝑖𝑡𝑖𝑎𝑙𝑤𝑒𝑖𝑔𝑕𝑡 (𝑔)                        (2) 

𝐹𝐶𝑅 =  
𝑇𝑜𝑡𝑎𝑙  𝑤𝑒𝑖𝑔 𝑕𝑡 𝑜𝑓  𝑑𝑟𝑦  𝑓𝑒𝑒𝑑  𝑔𝑖𝑣𝑒𝑛  (𝑔)

𝑇𝑜𝑡𝑎𝑙  𝑤𝑒𝑖𝑔 𝑕𝑡 𝑔𝑎𝑖𝑛  (𝑔)
(3) 



 

 

𝑆𝑅 (%) =
𝑁0 − 𝑁𝑡

𝑁0
                              (4) 

𝑆𝐺𝑅 =  
𝑙𝑛𝑊 𝑓   − 𝑙𝑛𝑊 𝑖

𝑡
    ×  100                                                                                        (5) 

whereN0 and Nt are fish numbers at time 0 and at time t and Wi and Wf are initial and final 
mean wet weight in g; ln = natural logarithm; t = time in days. 

 
Three weeks before the start of the experiment, C. pepo, A. annua and A. 
dubiusseeds were sown in three seedling trays filled with loam soil to ensure strong 
root development and optimal nutrient uptake in the aquaponic system. Healthy 
seedlings were then transplanted into the nine hydroponic subsystems. To minimize 
disruptions to the experiment, plant height (cm) was measured biweeklytogether 
with fish weight.However, plant weight (g) was measured at the start and end of the 
experiment. The final wet weight of all plants consisting of stems, leaves, and roots 
were measured after uprooting the whole plant from the hydroponic subsystem. The 
fresh weight was then used to determine the relative growth rate (RGR) of the plant 
species which was calculated based on the equation below: 
 
𝑅𝐺𝑅 =  (𝑙𝑛𝑊2  −  𝑙𝑛𝑊1)  (𝑡2 − 𝑡1)                                                                                      
(6) 

where W2 and W1 are weights at time t2 and t1, which are initial and final periods 
and ln is the natural logarithm. Plant yield (kg/m2) was calculated using the fresh 
weight obtained per square meter in each treatment. 

2.5 Statistical Analysis 

Data was presented as means and standard deviation (SD) of three replicates. 
Percentage data was subjected to arcsine transformation before statistical analyses. 
Normality and homogeneity of means were carried out using Shapiro–Wilks and 
Levene tests respectively. Repeated measures ANOVA was used to test the 
difference in nutrient removal efficiency, water quality parameters, plant growth 
parameters and fish growth among treatments. Post hoc multiple comparison of 
means was performed where there were significant differences using Tukey’s HSD 
test. Differences between means was considered significant at α=0.05. Statistical 
analysis was performed using the Statistical Package for Social Science (SPSS) 
Statistics for Windows (version. 21.0, IBM Corp., Armonk, NY, USA). 

3.RESULTS 
Table 1 presents water quality parameters in fish tanks. The three aquaponic 
treatments did not show significant differences (P˃0.05) in temperature, pH, or 
conductivity. Water temperature ranged from 21.2 to 24.6 °C, and pH levels varied 
between 6.88 and 7.77 in all systems. Dissolved oxygen levels ranged from 2.18 to 
5.63 mg/L, with significantly higher levels in the C. pepo and A. annua aquaponic 
systems. The C. pepo system had significantly higher ammonia levels than the A. 
annua system, but there was no significant difference in nitrite levels. 

 



 

 

 

 

Table 1. Water quality parameters in fish tanks. Mean values (± standard deviations) 
within a row with different superscripts are significantly different (a ˃ b ˃ c, P< 0.05). 

    Treatments    
 

Parameters C. pepo A. annua A. dubius 
 

Dissolved oxygen 5.63 ± 0.69
c
 4.49 ± 0.59

b
 4.25 ± 0.81

a
 

 

Temperature (°C) 24.45 ± 0.81
a
 24.57 ± 0.84

a
 24.52 ± 1.07

a
 

 

pH 7.60 ± 0.23
a
 7.52 ± 0.42

a
 7.66 ± 0.07

a
 

 

Conductivity (µS/cm) 1385 .54 ± 18.24
a
 1391.24 ± 15.53

a
 1389. 08 ± 18.85

a
 

 

Ammonia (mg/L) 1.23 ± 1.07
b
 1.09 ± 0.58

a
 1.25 ± 0.20

b
 

 

Nitrate (mg/L) 3.15 ± 0.51
b
 3.24 ± 0.39

c
 3.95 ± 0.26

a
 

 

Nitrite (mg/L) 0.29 ± 0.19
a
 0.23 ± 0.05

a
 0.20 ± 0.12

a
 

 

Phosphorus (mg/L) 1.87 ± 0.74
a
 2.19 ± 1.00

b
 2.00 ± 0.88

b
 

 

 

The hydroponic inlet had significantly higher nutrient concentrations than the outlets 
(P < 0.05) (Figure 3). Nitrate, nitrite, and phosphorus concentrations increased in 
the system during the sampling period. The concentration of ammonia decreased 
gradually reaching its lowest level at week 8 with an average value of 0.07 ± 0.06 
mg/L in the A. Annua treatment.  A. annua treatment showed significantly lower 
levels of ammonia and nitrate, but higher levels of phosphorus (P< 0.05).  The C. 
pepo treatment recorded significantly low phosphorus concentration (1.87 ± 0.74).  
 
 



 

 

 
 
Fig. 3. Nutrient trends (ammonia, nitrate, nitrite, and phosphorus) at the hydroponic 
inlet and outlets (C. pepo, A. annua and A. dubius). Data points represent the mean of 
three treatment replicates and error bars indicate standard deviation. 
 

Figure 4 illustrates the effectiveness of A. annua, C. pepo, and A. dubius in 
removing nutrients from water in aquaponic systems.A. annua was more effective in 
reducing ammonia (52.5 ± 19.9 %), nitrite (41.9 ± 8.7 %), and nitrate (61.6 ± 9.02 
%)levels thanC.pepo and A.dubius. Conversely, the C. pepo system demonstrated a 
higher phosphorus removal efficiency (51.3 ± 32.4 %) than A. annua (36.2 ± 15.4 %) 
and A. dubius (43.3 ± 26.1 %). 
 



 

 

 

Fig.4. Nutrient removal efficiency of plant species in the aquaponic system.  

The A. annua treatment significantly improved the growth performance of O. 
niloticus (final weight, weight gain, and specific growth rate) compared to C. pepo 
and A. dubius treatments (Table 2). Furthermore, A. annua system had a 
significantly lower feed conversion ratio (P< 0.05) than the other systems. Survival 
rates, on the other hand, showed no significant differences across treatments.  

 

Table 2. Growth performance of O. niloticus in the aquaponic systems. All 
values are means ± standard deviations obtained from three replicates. 

 

      Treatments    

Parameters Units C. pepo A. annua A. dubius 

Final weight  (g) 113. 50 ± 5.54
a
 130. 25 ± 5.76

b
 112.21 ± 7.64

a
 

Weight gain (g) 32.35 ± 4.79
b
 26. 22 ± 4.60

b
 15. 55 ± 1.03

a
 

Feed conversion ratio (FCR) 
 

2.39 ± 0.33
b
 2.21 ± 0.44

a
 3.10 ± 0.26

b
 

Specific Growth Rate (SGR) (%/d) 0.33 ± 0.07
b
 0.39 ± 0.06

b
 0.20 ± 0.02

a
 

Survival rate % 88. 15 ± 4.63
a
 92.59 ± 3.39

a
 82.96 ± 3.39

a
 



 

 

Different superscript letters (a, b) within a row indicate statistically different mean 

values at P< 0.05; a > b > c. 
 
Plant growth parameters differed significantly across the three treatments (Table 3). 
A. annua had a significantly higher final weight, weight gain, and yield than C. pepo 
and A. dubius. Similar results were obtained for relative growth rates. 
 
Table 3. Plant growth parameters in the aquaponic systems. All values are mean ± 
standard deviationobtained from three replicates.   
 

      Treatments    

Parameters Units C. pepo A. annua A. dubius 

Final weight (Fresh) (g) 333.33 ± 11.72
b 
 367.00 ± 16.09

c 
  217.67 ± 2.52

a
 

Weight gain (Fresh) (g) 312.40 ± 13.05
b
 349.20 ± 17.28

c
 202.00 ± 2.00

a
 

Relative growth rate (g/d) 0.05 ± 0.00
b
 0.05 ± 0.00

b
 0.04 ± 0.00

a
 

Yield  (kg/m
2
) 0.45 ± 0.02

b
 0.49 ± 0.02

c
 0.29 ± 0.00

a
 

4. DISCUSSION  

Most water quality parameters were within acceptable limits for O. niloticus and 
plant growth. However, two critical aquaculture parameters, ammonia and dissolved 
oxygen, differed slightly. Ammonia concentrations exceeded the recommended 1 
mg/L level for O. niloticus growth [21]. This suggests the activity of the nitrifying 
bacteria responsible for ammonia conversion was insufficient to maintain ammonia 
levels at the required minimum [12,22].Moreover, the efficiency of the biofilters were 
probably influenced by fine solid accumulation and low dissolved oxygen levels in 
the aquaponic systems. These conditions do not favour the growth of nitrifying 
bacteria that convert toxic ammonia to nitrates and nitrites during nitrification 
[23].The observed ammonia levels could be as a result of infrequent water 
exchange (once every two weeks) during the study period. Minimal water exchange 
rates may increase the accumulation of substances such as ammonia in 
recirculating aquaculture systems [24]. 

Dissolved oxygen (DO) levels were lower than recommended range considering that 
oxygen should be maintained between 5 to 6 mg/L for optimum growth of fish and 
hydroponic plants [24]. However, O. niloticus can tolerate oxygen levels as low as 
1.0 mg/L but levels below 3.5 mg/L can affect growth and food conversion ratio 
[23,38].Low DO in aquaponic systems can be attributed to fish respiration, plant root 
respiration, activities of nitrifiers and heterotrophs, and high organic loads [24]. Low 
oxygen levels reduce root respiration, which reduces the plant's ability to absorb 
water and nutrients, resulting to stunted growth. Furthermore, low oxygen levels can 
result in root rot and nitrogen loss via denitrification [26].Therefore, optimum DO 
levels should be maintained in the aquaponic systems for optimal growth of both 
plants and fish. Maintaining optimal dissolved oxygen (DO) levels is crucial for 
overall aquaponic health. Sufficient DO allows nitrifying bacteria to efficiently convert 



 

 

toxic ammonia into less toxic nitrates [12, 22]. Efficient ammonia conversion lowers 
ammonia levels and improves water quality, resulting in increased growth for both 
fish and plants [6].  
 
Plants play a major role in reducing nutrients in aquaponic systems because their 
roots provide a surface area for the attachment of bacteria responsible for the 
removal of both nitrogen and phosphorus from water [27]. The consistent low 
nutrient concentration from the hydroponic outlets is an indication of nutrient 
removal through the nitrification and denitrification processes in the plant roots [7, 
22,4]. Extensive root network of plants provides a large surface area for the 
attachment of more nitrifying and denitrifying bacteria which effectively reduce 
nutrients in the aquaponic system [28]. Therefore, developing roots of young plants 
at the start of the experiment probably favoured the attachment of fewer bacteria 
resulting in lower nitrification rates. A. annua`s extensive root networkmight have 
facilitated the efficient removal of nutrients from the A. annua-based aquaponic 
system compared to other systems. The nutrient trend can also be attributed to the 
plant's growth stage, as plant nutrient requirements increase with each growth stage 
[29,38]. Nutrient removal increased during the study period due to the plants' 
nutrient requirements. High ammonia levels at the start of the experiment suggests 

that the nitrifiers had not completely colonized the young plant roots resulting in low 

ammonia conversion rates into usable plant nutrients. This is consistent with 

previous studies by Wongkiew[23,37-38] and Wafula [12] who reported high 
ammonia levels during the start-up periods in a recirculating aquaculture system 
given that the nitrifying bacteria takes time to establish and multiply. Low 
phosphorus concentration at the start of the experiment can be attributed to 
increased requirement for root development. In addition, young plants may engage 
in luxury uptake of phosphorus to counterbalance phosphorus need at a later stage 
[30]. 
 
Oreochromis niloticus exhibited higher growth in the A. annua-based aquaponic 
system compared to C. pepo and A. dubiustreatments. This high performance can 
be attributed to A. annua's effectiveness in removing nutrients from water and 
maintaining favorable conditions for O. niloticus growth and survival. However, the 
observed growth rate in the present study was lower (0.20 - 0.39%/day) than 
findings from previous aquaponic studies (0.7% and 2.5%/day) for O. niloticus, even 
with similar initial fish weights [31]. Furthermore, the feed conversion ratio (FCR) 
was slightly higher than the recommended range of 1.5 to 2.0 for O. niloticusgrown 
in tanks [32]. Relatively high ammonia levels probably influenced the growth of O. 
niloticus in the aquaponic system. High ammonia levels above the acceptable limits 
(˂ 1 mg/L) have been shown to reduce fish growth and feed utilization efficiency 
[33]. Related studies indicate that recirculating systems with minimal water 

exchanges reducesfeed intake and fish growth[34,24]. Ammonia reduces the fish's 

ability to extract energy from its food, resulting in a reduction in feed conversion 

efficiency. Even when fish maintain adequate food intake, stressful conditions have 
been shown to reduce feed conversion efficiency, resulting in decreased growth 
rates [35,36]. Our findings indicate that, while O. niloticus can tolerate a wide range 
of culture conditions, prolonged exposure to suboptimal culture conditions can lead 
to reduced growth and feed intake.  



 

 

Plant growth performance in the current study shows that they can be successfully 
grown in aquaponic systems.  Increased growth, weight gain, and yield were 
observed in A. annua. Gichana [34] reported similar A. annua results [weight gain 
(390.7 ± 26.8 g and yield (0.56 ± 0.03 kg/m2] in aquaponic conditions. The relatively 
low weight gain observed in A. dubius, and C. pepo suggests that these plants may 
have limited ability to extract sufficient nutrients from the aquaponic solution. This 
could be attributed to their smaller root systems compared to the well-developed 
root network of A. Annua[34]. Despite their different growth rates, the tested plants 
contributed to nutrient reduction, demonstrating their potential as biofilters in 
aquaponic systems. the findings from this study provide valuable insights for 
establishing and managing plant life in freshwater aquaponic systems. 
Understanding these factors enables the appropriate selection of plant species in 
aquaponic systems. Plants with desirable growth characteristics and efficient 
nutrient uptake can be selected while capitalizing on their biofiltration capabilities. 

5. CONCLUSION 

This study demonstrated that C. pepo, A. annua, and A. dubius can effectively 
reduce nutrients in aquaponic systems without affecting with the growth of O. 
niloticus. Notably, A. annua's high nutrient uptake likely contributed to improved 
water quality, which might have contributed to the observed increased growth rates 
in O. niloticus. However, ammonia levels exceeded recommended levels for optimal 
O.niloticus growth. This finding emphasizes the need for additional research to 
improve conditions for both fish and plants. One potential area of investigation is 
improving the aeration system to promote nitrification, the process by which harmful 
ammonia is converted into less toxic nitrates. Furthermore, research is required to 
assess the nutritional content of the plants and the flesh quality of O.niloticus to 
ensure that they meet the established standards for aquaponic products. These 
quality parameters are critical to consumer acceptance and the overall success of 
aquaponic production. 
 
 
Ethical Statement: The study was carried out in accordance with the international, national 
and institutional guidelines for the care of experimental animals. 
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35. d’Orbcastel ER, Lemarié G, Breuil G, Petochi T, Marino G, Triplet S. Effects of 
Rearing Density on Sea Bass (Dicentrarchus Labrax) Biological Performance, Blood 
Parameters and Disease Resistance in a Flow Through System. Aquat Living 
Resour. 2010; 23:109–17. doi: 10.1051/alr/2009056 
 

36.  Paspatis M, Boujard T, Maragoudaki D, Blanchard G, Kentouri M. Do Stocking 
Density and Feed Reward Level Affect Growth and Feeding of Self Fed Juvenile 
European Sea Bass? Aquaculture. 2003; 216:103–13. doi: 10.1016/S0044-
8486(02)00417-9 58.  

37. Gichana Z. Evaluation of different biofilters and selected plants for nutrient removal 
from a recirculating aquaculture system for Nile tilapia (Oreochromis niloticus 



 

 

Linnaeus, 1758). [Ph.D. thesis]. Vienna: University of Natural Resources and Life 
Sciences;2019. 150p.  

38. Gichana Z, Waidbacher H, Zollitsch W, Drexler S, Liti D. The potential of aquaponics 
as food production and nutrient recovery systems in Kenya. In:Towards Productive, 
Sustainable and Resilient Global Agriculture and Food Systems Conference; 2018 
May 16 -17; Wolters Kluwer CR. https://doi. org/10.15414/isd2018. s4. 


