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Green beans production and its water filtration efficacy in green beans-African catfish (Clarias 

gariepinus) aquaponics systems 

 

Abstract 

Purpose: A pilot project through the European Union-funded project titled “INtegrated and Circular 

Technologies for Sustainable city region FOOD systems in Africa” (INCiTiS-FOOD) was carried out 

in the living lab of the Bamenda University of Science and Technology (BUST) with the objective to 

assess green beans productivity and its phytofiltration potentials in a closed recirculating catfish 

aquaponics system.  

Methodology: The experiment was arranged in a factorial of 3 x 1 x 36 including 3 treatments (trophic 

levels T1, T2 and T3) all arranged in a series, one greenbeans variety and 36 repetitions. T1, T2 and 

T3 represented PVC–based raft seed bed distances of 1.2m, 2.4m and 3.6m respectively from the pond. 

140 Catfish fingerlings were stocked in a 5.6m3 capacity tarpaulin tank, and linked to green beans 

planted directly in sawdust-based growing cups of 9cm by 5cm, embedded in PVC–based raft beds). 

Parameters assessed were greenbeans growth and pod yield, catfish growth and feed use efficiency 

while water filtration efficacy was assessed by comparing total ammonia, nitrate, nitrite and 

phosphorus level at the inlet and outlet of raft beds series.  

Findings: The results revealed that green beans growth and yield decreased with increasing distance 

from the pond. A significant decrease in total ammonium, nitrate, nitrites and phosphate was noticed 

at the outlet of the raft.  Catfish mean weight gain at 12th week was 154.3g against 100.82g in the 

control.  

Novelty: The improvement in greenbean and catfish productivity alongside water filtration by 

greenbeans plants makes aquaponics a perfect example of modernized agro-sylvo pastoral and fishery 

unit within the scope of urban agriculture. 
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Resume 

But: Un projet pilote financé par l’Union européenne intitulé INtegrated and Circular Technologies for 

Sustainable city region FOOD systems in Africa (INCiTiS-FOOD) a été réalisé dans le laboratoire 

vivant de Bamenda University of Science and Technology (BUST) dans le but d’évaluer la productivité 

des haricots verts et leurs potentiels de phytofiltration dans un système aquaponique fermé de poisson-

chat en recirculation. 

Méthodologie: L’expérience a été organisée en factorielle de 3 x 1 x 36 comprenant 3 traitements 

(niveaux trophiques T1, T2 et T3) tous disposés en série, une variété de haricots verts et 36 répétitions. 

T1, T2 et T3 représentaient des distances de lit de semence de radeau à base de PVC de 1,2m, 2,4m et 

3,6m respectivement de l’étang. 140 alevins de poisson-chat ont été stockés dans un réservoir en bâche 

d’une capacité de 5,6 m3, et reliés à des haricots verts plantés directement dans des godets de culture 

à base de sciure de bois de 9cm sur 5cm, nausés dans des lits de radeau à base de PVC. Les paramètres 

évalués étaient la croissance des haricots verts et le rendement des gousses, la croissance des poissons-

chats et l’efficacité de l’utilisation des aliments, tandis que l’efficacité de la filtration de l’eau a été 

évaluée en comparant les concentrations totales d’ammoniac, de nitrate, de nitrite et de phosphore à 

l’entrée et à la sortie des séries de lits de radeaux. 

Résultats: Les résultats ont révélé que la croissance et le rendement des haricots verts diminuaient 

avec l’éloignement de l’étang. Une diminution significative des concentrations totales d’ammonium, 

de nitrate, de nitrites et de phosphate a été constatée à la sortie du radeau.  La prise de poids moyenne 

du poisson-chat à la 12ème semaine était de 154,3g contre 100,82g dans le témoin.   

Nouveauté : L’amélioration de la productivité des haricots verts et des poissons-chats ainsi que la 

filtration de l’eau par les plantes de haricots verts font de l’aquaponie un parfait exemple d’unité agro-

sylvo-pastorale et halieutique modernisée dans le cadre de l’agriculture urbaine. 

 

Mots clés: Agriculture urbaine, agriculture écologique, phytofiltration, aquaponie, haricots verts 

 

 

 

 

 

 

 



 

 

Green beans production and its water filtration efficacy in green beans-African catfish (Clarias 

gariepinus) aquaponics systems 

 

Kelly Neh Ngepopi, Balgah Roland Azibo, and Tabi Kingsley Mbi 

 

1. Introduction 

Aquaponics, the growing of fish and plants in a soilless circular system, stands out as one of the most 

efficient and environmentally sustainable and circular agricultural methods of the 21st century 

(Olufeagba, et al. 2020). Aquaponics involves integrating aquatic animals and plants symbiotically 

within closed aquaculture systems, which recirculate and reuse water while facilitating nutrient 

cascading, thus promoting resource efficiency and environmental friendliness (Yep & Zheng, 2019). 

The primary dogma behind aquaculture system is to use added nutrients as optimally and efficiently 

as possible to produce both fish and plant biomass (Knaus and Palm, 2017). Adding nutrients, which 

entail costs in terms of money, time, and value, should not result in significant nutrient loss to processes 

or outcomes unrelated to fish and plant production. This principle also extends to water use in 

aquaponic systems. Water should be used efficiently by the fish and plants, avoiding losses to 

processes or life forms not directly involved in production or that might negatively impact the 

environment (Lennard, 2017).  

Most aquaponics systems are run in one loop layout where water and nutrients are shared and 

recirculated between all compartments, i.e., fish tanks, mechanical and biological filters, and the 

vegetable production bed (Pinho et al., 2021). Operating on the circular bioeconomic concept, 

aquaponics offers diverse options for broader utilization. The combination of various aquatic animals 

(such as fish, lobster, crabs, prawns, crayfish, bivalve mollusks, clams, mussels, and sea cucumbers) 

with vegetables, fruits, herbs, and flowers can be adapted to different circumstances. Positioned as a 

solution for meeting sustainability requirements, aquaponics is increasingly vital for bolstering food 

supplies to meet growing demands (Maucieri et al., 2019). Earlier reviews by Mustafa & Shapawi 

(2015), Mustafa et al. (2019), and Shaleh et al. (2019) have underscored the significance of aquaponics 

farming systems in achieving sustainable development goals. 

The African catfish (Clarias gariepinus) based aquaponic systems are very popular, especially in 

developing countries given that catfish cultivation is more accessible, lower costs, and holds efficient 

cohabiting relationship with most vegetables (Ferranti, 2019). Regarding the target fish species, 

African catfish is known for its higher acceptance of adverse water parameters such as ammonium and 

nitrate, as well as there is no need for additional oxygen supply due to their special air breathing 

physiology. The choice of green beans in the project was based on its socioeconomic and 

environmental advantages over other crops (Gencoglan et al., 2006). Aquaponics is currently popular 

in western countries and there is a strong need to extend the technology to some African countries. It 

was within this scope that this study was initiated in the city of Bamenda, Cameroon as a pilot project 

through the European Union-funded project titled INtegrated and Circular Technologies for 

Sustainable city region FOOD systems in Africa (INCiTiS-FOOD). It was hypothesized that 

aquaculture waters is rich in nitrogenous compounds which the green beans plant can exploit for high 

biomass accumulation hence cleaning the water for reuse in the pond. 



 

 

2. Materials and methods 

2.1. Study site 

The experimentation site is located at the INCITIS FOOD Living Laboratory at the Bamenda 

University of Science and Technology (BUST LL) in Cameroon, situated at N 5° 59’41.99424”, E 10° 

13’3.90144”. 

 

2.2. Description of the aquaponics system 

A closed recirculating system (fig 1) was used in this study. It consisted of a tarpaulin fish tank 

measuring 310 x 210 x 120 cm, connected to seed beds. The system includes one aerator and one water 

pump, powered by solar energy. Water flow was controlled by a valve connected to each pipe.  Nutrient 

water is pumped from the fish tank by a water pump of 17v and channeled to the nutrient film grow 

beds which intern flow out of the grow beds in to a conveyor pipe and back in to the fish tank by 

gravity and the circle continues. 

 

2.3. Experimental arrangement and field layout 

An integrated substrate aquaponics system was laid out into 3 treatments repeated two times. The 

treatments were three trophic levels (T1, T2 and T3) indicating distances from the nutrient sources all 

arranged in a series along a gentle slope i.e. when nutrient water leaves the fish pond; it first passes 

through the 1st seedbed (T1), continues to the 2nd seed bed (T2) and finally though the 3rd seedbed (T3) 

before returning into the pond. Therefore T1 were named first nutrient receivers, T2, second nutrient 

receivers and T3 named the third nutrient receivers, respectively measuring 1.2, 2.4 and 3.6 cm from 

the catfish pond serving as the nutrient source.  

T1= First nutrient receiver (FNR) with a distance of 1.2 m from the pond 

T2= Second nutrient receiver (SNR) with a distance of 2.4 m from the pond 

T3= Third nutrient receiver (FNR) with a distance of 3.6 m from the pond 

Each treatment consisted of 2 seed beds (raft beds) of 3 m long hydroponics PVC pipes, consisting of 

18 pots inter spaced by 15 cm in which one sawdust cup containing 20g of substrate was fitted. In each 

cup one green bean seed as sown and since each seed bed as repeated twice a total of 36 plants per 

treatment as used. 

 



 

 

 
Fig 1. Layout of the experiment 

 

The treatments were supported and suspended by a metal frame at 1m above the ground on an elevated 

surface of 35cm above the surface of the fish tank. The tarpaulin fish tank was supported by a plank 

frame for stability of the tank as well as preventing damages caused by water pressure to the tarpaulin.  

The recycling of water throughout the experiment was nonstop and it included nutrient rich water 

pumped from the fish tank by the water pump of 17v being channeled to the nutrient film seedbeds 

which intern flow out of the grow beds in to a conveyor pipe after filtering by the plants and back in 

to the fish tank by gravity and the circle continues. Water loss is immediately replaced as there is 

addition of fresh water of 0.2ml/second for the first 2 weeks and increasing at 0.4ml/second on the 4th 

week and at the 6th week at 0.6ml/second till the end of the production cycle. The water flow rate in 

this study was set at 1.6 L/min, as recommended by Endut et al. (2011). A ball valve was installed at 

the end of a polyvinyl chloride (PVC) pipe connected to a submersible water pump in the fish tank to 

regulate the water flow. Additional Oxygen is supplied to fish by air pump of 45v pumping 6 air stones.  

 

2.3. Data collection 

2.3.1. Plant growth  

Growth and development of green bean plants were measured in terms of mean height, leaf area, stem 

girth, number of leaves, chlorophyll content, number of branches were taken on weekly basis while  

yield parameters like number of pods was recorded at the end of the experiment.  

Water quality parameters  

Sampling of water for quality analysis was done every weekly to determine the concentration of 

ammonia (NH3-N), Nitrite (NO2-N), Nitrate (NO3-N) and phosphate (PO4-P) using the ammonia, 

Nitrite, Nitrate and Phosphate strip respectively. Measurements of pH, temperature electrical 

conductivity (us/cm), total dissolvable solutes (ppm) were performed using the YSI multi-probe meter 

(YSI 550A model). 

 



 

 

2.3.2. Catfish growth  

The weight of 40 randomly selected catfish was recorded twice a week to adjust feeding accordingly. 

The growth and survival of the African Catfish were monitored by observing body weight gain (g), 

specific growth rate (SGR), daily growth rate (DGR), survival rate (%) and feed conversion ratio (FCR) 

Syafiqah (2020).  

The following formulae were used to analyze the data: 

Body weight gain = W2–W1 ..................................................................................................... (1) 

SGR = 
InW1 −InW2

T1
 × 100 ............................................................................................................ (2) 

Survival rate (%) = 
No.  of fish at the end

No of fish at the start of the experiment .
 × 100 ................................................... (3) 

FCR = 
Total feed intake (g)

Weight gain of fish (g)
 .......................................................................................................... (4) 

DGR = 
W2 −W1

T1
 (g/fish/day) ....................................................................................................... (5) 

Where W1 = initial body weight (g), W2 = final weight gain (g), and T1 = duration of culture period 

(days).  

 

2.4. Data analysis 

Data collected were subjected to statistical analysis using analysis of Variance (ANOVA) to determine 

the significant effect on parameters measured. Data collected was analyzed using the statistical pack 

for social science (SPSS) version 17. Least Significant Difference at P<0.05 was used to carryout 

multiple comparison test aimed at detecting the significant differences between the means of the 

various treatments. Correlation analyses were used to explore relationships between water quality 

parameters and plant/fish growth outcomes, as well as the distance of plants from the nutrient source 

along the PVC pipes.  

 

3. Results and discussions 

3.1. Results 

3.1.1 Green beans growth and development at 4 WAS 

Significant variations were observed in growth, development and yield parameters of green beans 

along raft. Generally all parameters evaluated decrease with increase distance from the pond (Table 1) 

though not all the differences were significant. Scores recorded for over 90 % of growth and yield 

parameters in this studied fell within the range for the genetic potential of green beans cultivated in 

classical on arable land. 

 



 

 

Table 1. Growth and yield of green beans along the raft  

Characteristic (45 DAS) Standard 

range  

T1 T2 T3 

 

Mean height (cm) 23.7-50.4 37.4a 24.03b 16.42c 

LAI (cm2) at 4WAS 7.6-12.9 42.8a 35.58b 33.5b 

Mean no of trifoliate leaves 7-12 7a 4b 4b 

Mean stem girth 1.3-3.2 2.98a 2.43b 1.5.04b 

SPAD units 30-50 37.72a 32.34a 30.1b 

Mean number of branches 3-5 3a 2a 2a 

Mean number of flowers 

week 1-5 

7-20 17a 11b 11b 

Mean no of pods/plant 5 - 10 8a 5bc 4c 

Mean length of pod (cm) 8.2-16.7 11.67a 9.12b 7.32c 

Mean girth of pod (cm) 3.4.5.4. 4.07a 3.76a 3.01b 

Mean pod weight (g) 5.5-8.31 6.8a 6.1b 4.8c 

Mean yield (t/ha)  28.82a 15.85b 13.87c 

Notes: T1= First nutrient receiver installed 1.2 m from the pond, T2= Second nutrient receiver linked to the first distance 

of 2.4 m from the pond, T3= Third nutrient receiver in the series connected in the series some 3.6 m from the pond. 

*Different letters on each row indicate significant differences at p<0.05. LAI: Leaf area index of leaf no 3. WAS: Weeks 

after sowing 

 

3.1.2. Water filtration efficacy  

Monitoring water parameters such as pH, temperature, and nutrient levels is crucial for green bean 

(Phaseolus vulgaris) growth in aquaponics systems. Optimal pH ranges typically fall between 6.0 and 

7.0, and water temperature ranges between 18 to 24 degrees Celsius are conducive to green bean 

growth. 

Maximum rate of biofiltration of the various mineral components by green beans was noticed at 45 

days after emergence and then started decreasing (fig.2). This could be due to the fact that during the 

lag growth phase, the nutrient requirements of the bean plant are lower and during the log growth phase 

specifically between day 30 and 45 after sowing, the nutrient requirements had increased hence the 

rate of filtration also witnessed a peak. From Day 60, rate of biofiltration showed a decrease as the 

plants had attained their genetic growth potential and entered senescence stage, indicating the need to 

starts a second cropping season. 

 



 

 

 

Fig.2. Water filtration efficacy in a green beans/catfish aquaponics system 

 

3.1.3. Catfish growth performance 

The results showed that catfish growth attributes were optimal as the mean weight gain obtained at 

12th week was more than twice the average means weight in aquaculture system. The feed conversion 

ratio of 1.78 was also lower than in aquaponics while daily growth rate and survival were well within 

the standards. 

 

Table 2. Growth rate of catfish 12 weeks after stocking 

Characteristic control checker 

(Aquaculture 

standards) 

results obtained at 12 

weeks after stocking 

Mean weight gain (g) 100.82 83.93 154.3 

Mean specific growth rate (%) 1-2 2-2.5 2.69 

Mean feed conversion ratio 1.1-1.4 1.8-2.6  1.78 

Daily growth rate (g) 1-2 1-2.5 1.7 

Survival rate % 85-94 90-99 97.14 

 

3.2. Discussion 

In the present study, the role of green beans in phytofiltration of aquaponics water was put into 

evidence. The fact that growth and yield of green beans was similar to genetic potential of the variety 

in classical arable land is an indication that aquaponics water contained mineral elements enough to 

satisfy the growth and development of the variety. This mineral elements must have come from fish 

feed which served as the primary nutrient source, comprising assimilated feed, uneaten feed, soluble 

and solid fish excreta. The soluble excreta, primarily consisting of ammonia, undergo successive 
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transformations into nitrite and nitrate by nitrifying bacteria (Chen et al.2006; Lekang and Kleppe, 

2000). These wastes, primarily in the form of ammonia, serve as a crucial nutrient source for 

hydroponically grown plants when converted by nitrifying bacteria into nitrate, which plants can 

readily absorb (Turkmen and Guner, 2008). Both uneaten feed and solid faeces need to be solubilized 

from organic material into ionic mineral forms for easy assimilation by plants, with the rate of mineral 

solubilization affecting their concentrations in the water (Rakocy and Hargreaves, 1993). Green beans 

pod yield obtained in this study was within the range of the crop grown on land. This result corroborates 

with that of (Goddek et al., 2015), who reported that Phaseolus vulgaris grown in aquaponics can 

exhibit enhanced growth rates and yield compared to traditional soil-based cultivation. The bean plants 

are supplied with huge amounts of nitrogen originating from nitrification of feed debris and ammonia 

waste.  

An increase in average weight gain of catfish noticed at the 12th week is an indication that the 

circulating water was had appropriate characteristics for their growth. This can be supported by, a 

considerable drop in concentration of toxic nitrogenous compounds recorded at the outlet of the raft 

beds. Harry et al. (2014) reported that accumulation of ammonia in the culture media is one of the 

causes of decreasing water quality that affects aquaculture success. Therefore to maintain a sustainable 

approach to maintain water quality is aquaponics via which water returning into the pond is of better 

quality that water leaving the pond. In a similar study, Endut et al. (2010) reported that as the catfish 

produce waste, biological filtration by plants within the aquaponics system limits accumulation of 

toxic nitrogenous compounds in the circulating waters, thereby maintaining water quality for both fish 

and plants. According to Rackocy (2012) the core of an aquaponics system is the removal of ammonia, 

a metabolic waste product excreted through the gill of fish. The ammonia is prevented from reaching 

toxic level via the process of nitrification (Zou et al., 2015). Nitrification is a process by which 

autotrophic aerobic bacteria specifically nitrosomonas first oxidized ammonia into a toxic form called 

nitrite, which is further convert into a non-toxic and usable form called nitrate by nitrobacter (Wonkiew 

et al., 2017).  

 A low rate of feed conversion obtained in this study compared to conventional aquaculture means 

efficient feed utilization which in turn reduces the cost of production, minimizes waste output into the 

system hence increasing profitability and sustainability 

 

4. Conclusion 

The integration of Phaseolus vulgaris in an outdoor aquaponics system with Clarias gariepinus has 

demonstrated high productivity in pod yield and mean weight gain in catfish as well as filtration of 

water returning into the pond. These results suggest that green beans show effective phytofiltration 

characteristics in aquaponics system with the rate of filtration increasing with increase distance from 

the pond. This study recommends that to improve on the water quality returning into the pond the raft 

seed bed series should be made longer so that water from the pond will have to passes through many 

more filters, which will intern improve on phytofiltration efficacy in aquaponics water. Aquaponics 

stands out as a perfect example in integrated agro fishery system and so based on the results of this 



 

 

study, it is highly recommended in urban agriculture due to its huge potential in improving vegetable, 

catfish yield and water use efficiency.  

 

Acknowledgement 

The INCiTiS-FOOD Project (GA No. 101083790) has received funding from the European Union’s 

Horizon Europe research and innovation program. The views and opinions expressed are, however, 

those of the author(s) only and do not necessarily reflect those of the European Union. Neither the 

European Union nor the granting authority can be held responsible for them. 

 

References 

Chen, Y., Fang, H. H., & Tay, J. H. (2006), Modeling the proton inhibition effect in the anaerobic 

digestion process. Water Research, 40(16): 3081–3088. 

Endut, A., Jusoh, A., Ali, N., Wan Nik, W. B., & Hassan, A. (2010), A study on the optimal hydraulic 

loading rate and plant ratios in recirculation aquaponic system. Technology, 101: 1511–1517 

Ferranti, P. (2019), Aquaponics as a tool for sustainable food production and improving public health. 

Sustainable Agriculture Reviews, 33: 215-231. 

Gencoglan, C., Altindal, D., & others. (2006), Nitrogen fixation and biomass production in green 

beans. Journal of Plant Nutrition, 29(3): 437-452. 

Goddek, S., Delaide, B., Mankasingh, U., Vala Ragnarsdottir, K., Jijakli, M. H., & Thorarinsdottir, R. 

(2015), Challenges of sustainable and commercial aquaponics. Sustainability, 7(4): 4199-

4224. 

Harry WP, Robert S, Sebastian W, & Ulrich K. (2014), Significant factors affecting the economic 

sustainability of closed aquaponic systems. Part I: system design, chemo-physical parameters 

and general aspects. AACL BIOFLUX 7: 20‒32 

Knaus, U., & Palm, H. W. (2017), Effects of the species combination on production and efficiency in 

commercial aquaponics. Aquaculture, 468: 170-175. 

Lennard, W. A. (2017), Aquaponic system design parameters: fish to plant ratios revisited. Aquaponics 

Journal, 77: 12-25. 

Li M., Robinson, Bosworth and Torrans (2014), Growth and Feed Conversion Ratio of Pond-Raised 

Hybrid Catfish Harvested at Different Sizes. North American journal of aquaculture 76 (3): 

261-264. 

Maucieri, C., Nicoletto, C., Junge, R., Schmautz, Z., & Graber, A. (2019), Hydroponic systems and 

water management in aquaponics: A review. Italian Journal of Agronomy, 14(1): 1-10. 

Mustafa, S., & Estim, A. (2019). Development of sustainable aquaculture systems in tropical regions. 

Aquaculture Journal, 15(2): 215-231. 

Oladimeji, A. S., Okomoda, V. T., & others. (2020). Effects of different feeding regimes on the growth 

and survival of African catfish (Clarias gariepinus) larvae. International Journal of Fisheries 

and Aquatic Studies, 8(2): 23-27. 



 

 

Pinho, S. M., Molinari, D., Lopes, T. S., & Boiago, A. (2021). Recirculating aquaculture systems for 

shrimp farming. Aquaculture, 533, 736211. international survey of aquaponics practitioners. 

PLOS ONE, 10(7), e0134326. 

Rakocy, J. E. (2012), Aquaponics: Integrating fish and plant culture. In: Tidwell, J. H. (Ed.) 

Aquaculture Production Systems. Wiley-Blackwell, 343-386. 

Rakocy, J. E., & Hargreaves, J. A. (1993), Aquaponics: integrating fish and plant culture. SRAC 

Publication, 454: 1–8. 

Shaleh, S. R. M., Mustafa, S., & others. (2019), Aquaponics in the tropics: Potential for sustainable 

food production. Journal of Agriculture and Food Research, 3(1): 45-59. 

Turkmen, G. and Guner, Y. (2008), Aquaponic (Integrating Fish and Plant Culture) Systems, 

International Burch University 657-666. 

Wonkiew S., Hu Z., Chandran K., Lee J.W. & Khanal S. K. (2017), Nitrogen transformations in 

aquaponic systems: A review. Agricultural Engineering 76: 9-19. 

Yep, B., & Zheng, Y. (2019). Aquaponic trends and challenges – A review. Journal of Cleaner 

Production, 228: 1586-1599. 

Zou Y, Zhen H, Jian Z, Huijun X, Christophe G, & Yingke F. (2016), Effect of pH on nitrogen 

transformation in media-based aquaponics. Bioresource Technology 210: 81‒87. 


