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 Hydroponic cultivation is gaining increasing interest in both food and ornamental crop production due to its 

high productivity, efficient use of water and land. It allows year-round cultivation under controlled conditions and 

precise crop nutrition, reducing the risk of nutrient losses compared to soil-based agriculture (Gonnella and Renna, 

2021). Despite these advantages, hydroponic systems remain heavily dependent on synthetic chemical fertilizers. 

Their production relies on finite natural resources such as phosphate and potassium rock reserves, as well as on 

energy-intensive industrial processes for nitrogen synthesis, which cause high greenhouse gas emissions 

(Mununga Katebe et al., 2024). This dependence raises concerns about the long-term sustainability of hydroponics.  

 

 At the same time, the intensification of poultry farming and aquaculture in response to growing food demand 

has led to the generation of large quantities of poultry manure and fish sludge (Gržinić et al., 2023; Laktuka et al., 

2023). These by-products are nutrient-rich and have a high fertilization potential, but when improperly managed 

or excessively applied to land, they can cause nutrient leaching, accumulation in soils, and eutrophication of water 

bodies (Zhang et al., 2015). In soil-based agriculture, microbial activity mineralizes organic nutrients into plant-

available forms, whereas hydroponic systems lack this biologically active environment. Integrating organic 

nutrient sources into hydroponics therefore requires a prior conversion of organic compounds into mineral forms, 

mainly through microbial processes such as ammonification and nitrification (Szekely et al., 2023). This step is 

rarely addressed independently from crop cultivation. 

 

  The BIOBOOST PRO project (Interreg North-West Europe) aims to address these challenges by developing 

bioponics, an organic hydroponic approach based on the recovery and transformation of nutrients from organic 

waste streams, such as poultry manure and fish sludge, into plant-available forms. By closing nutrient loops 

between livestock, aquaculture and soilless crop production, this project seeks to reduce nutrient losses, decrease 

reliance on synthetic fertilizers, and contribute to more circular waste management strategies. Within the 

BIOBOOST PRO framework, the present work focuses on the development of an aerobic digestion and 

nitrification process designed to produce a stabilized and concentrated bioponic fertilizer suitable for bioponic 

cultivation. Preliminary experiments were conducted to assess the feasibility of decoupling organic waste 

treatment from plant cultivation through aerobic digestion and nitrification. 

 

Preliminary experiments 

 

Aerobic digestion of poultry manure 

 

 Preliminary small-scale experiments were conducted to evaluate the feasibility of aerobic mineralization of 

poultry manure. A 20 L aerobic reactor was operated using demineralized water supplemented with 3 L of 

compost-derived activated sludge and 500 g of fresh poultry manure obtained from the Experimental Poultry 

Centre (Geel, Belgium), a BIOBOOST PRO partner. The reactor was maintained at 22 °C and gently aerated 

using an air stone to ensure sufficient oxygen availability while limiting floc disruption. The pH was controlled 

between 6.7 and 7.2 through the addition of NaOH (1 M). 

 

 The objective of this step was to promote heterotrophic degradation of organic matter and the release of 

nutrients into the aqueous phase. Samples were collected after 24 h and 48 h, followed by a 24 h sedimentation 

phase. The supernatant was recovered for further analysis and processing. Analyses showed a progressive 

increase in ammonium and potassium concentrations during aerobic digestion, while phosphate concentrations 

temporarily decreased, likely due to precipitation induced by pH increase. After 48 h of digestion and 24 h of 

decantation, concentrations increased from 62 to 241 mg·L⁻¹ for TAN and from 132 to 193 mg·L⁻¹ for 

potassium, indicating effective nutrient solubilization. The continued release of nutrients after sedimentation 

suggests the presence of residual organic matter that may further mineralize during subsequent treatment steps. 

  

Nitrification of poultry digestate using a fish-sludge-derived nitrifying inoculum  

 

 Following clarification and 25 µm filtration, a poultry digestate was transferred to a nitrification unit designed 

to oxidize ammonium into nitrate. This digestate originated from a separate aerobic digestion batch, more 



 

 

concentrated than the one described in the previous section. It was used to assess the nitrification capacity of the 

system under high ammonium loads. Fish-sludge-derived biomass was used as a nitrifying inoculum due to its 

established nitrifying community. 

 

  The nitrification reactor consisted of 17 L of aerobically treated fish sludge. Initial nitrate and total ammonia 

nitrogen (TAN) concentrations in the reactor were 87.5 mg N-NO₃⁻·L⁻¹ and 14 mg TAN·L⁻¹, respectively. Then, 

500 mL of concentrated poultry digestate, containing 3750 mg TAN·L⁻¹ and no detectable nitrate, was added to 

the reactor. To minimize free ammonia inhibition, the pH was adjusted to 6.8, and continuous aeration 

maintained dissolved oxygen concentrations above 7 mg·L⁻¹. After an acclimation period of approximately 

seven days with limited activity, effective nitrification was observed, as shown by a steady increase in nitrate 

concentration (Fig. 1) and a decrease in pH.  

 

 Over a 25-day period, nitrate concentrations increased from 85 to 240 mg N-NO₃⁻·L⁻¹, while ammonium 

continued to be released from the digestate, indicating ongoing mineralization. These results demonstrate the 

technical feasibility of decoupling waste treatment from plant cultivation by combining aerobic digestion and 

nitrification to produce nitrate-rich liquid fertilizers from organic waste streams. The aim of this approach is to 

obtain a concentrated bioponic fertilizer that can be diluted in hydroponic nutrient solutions according to crop 

requirements, typically 70-100 mg N-NO₃⁻·L⁻¹. 

 
Fig. 1. Evolution of N-NO₃⁻·L⁻¹ concentration in poultry digestate under aerobic conditions over 25 days 

 

Pilot-scale implementation and expected outcomes  

  

 Based on these preliminary results, a pilot-scale integrated installation is under implementation. The system 

includes an aerobic digestion reactor equipped with automated pH regulation, followed by a clarifier allowing 

sludge recycling to maintain an active heterotrophic biomass. The clarified supernatant passes through 

successive bag filters (25 to 5 µm) and a UV treatment to reduce pathogen load and heterotrophic bacteria prior 

to nitrification. Nitrification is carried out in dedicated units containing biomedia carriers supporting a stable 

nitrifying community. Digestate will be introduced gradually to prevent inhibition by free ammonia and promote 

the accumulation of nitrate, as well as phosphate and potassium present in the digestate. 

 
Fig. 2. Pilot-scale treatment system for poultry and fish waste for production of bioponic fertilizer 

 

 Both poultry manure and concentrated fish sludge will be treated in parallel. The resulting bioponic fertilizers 

will be tested in hydroponic greenhouse trials on lettuce and compared with conventional mineral fertilizers. 

Plant growth, nutrient uptake, water chemistry, and potential deficiencies will be monitored throughout the 

cultivation cycle. Pathogens and heavy metals will be analysed in both digestates and plant tissues. The expected 

outcomes will be presented and include (i) the production of concentrated nitrate-rich bioponic fertilizers, (ii) 

demonstration of their agronomic performance in hydroponic systems, and (iii) a comprehensive assessment of 

nutrient recovery efficiency and waste reduction. This work contributes to sustainable waste management by 

converting livestock and aquaculture residues into inputs for soilless food production.  
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