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Abstract :   
 
he fisheries sector, particularly aquaculture, is a fundamental source of nutrition for humans, particularly 
in developing countries. The modern development of fish farming requires energy for production systems. 
This study investigates the potential of using organic wastes derived from fish fattening to produce on‐
farm energy through the process of methanization. Oreochromis niloticus faeces methanogen potential 
was determined with (IFF) and without (UIFF) methanizer microbial inoculum. At the end of the manure 
methanation trials, the resulting digestates were tested as organic fertilizers for agriculture. The tests 
showed that inoculated fish faeces had faster biogas kinetics production compared with uninoculated fish 
faeces. In both cases, the produced biogas contained more than 60% methane (CH4) from the second 
week of incubation, indicating that it was of good quality. Furthermore, the total CH4 volume was twice as 
larger in IFF compared with UIFF. Biofertilizer tests showed no significant differences for most of the 
growth parameters in onion and tomato when compared to the unfertilized control, except in one case for 
tomato plants, which significantly increased its aboveground biomass. The results show that fish faeces 
are good methanogenic substrates conducive to energy recovery that could facilitate farm autonomy; 
however, valorization of the digestates as biofertilizer still requires extensive agronomic optimization. 
Based on our results, we estimate that equivalents of energy need of almost ten millions of people could 
be covered using the aquaculture potential in freshwater fish faeces biogas worldwide or that at least 
aquaculture farm energy self‐sufficiency could be fostered. 
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Introduction 
In the framework of blue growth (Burgess et al. 2018) many initiatives are supported around 

the world to foster innovative approach environmentally compatible integrated and 

socioeconomically sensitive management of aquatic resources (Moffitt & Cajas-Cano 2014). 

In the case of Senegal fishing is carried out at sea, in estuaries, rivers, floodplains around hydro-

agricultural dams, in the Senegal River valley and Casamance (Anambé Basin) by professionals 

and casual fishers (Dème et al. 2005; Auger et al. 2016; Tiedemann & Brehmer, 2017). 

Senegalese fishermen mainly operate at sea aboard motorized canoes (Diankha et al. 2017), 

with a small contribution by industrial fishing vessels. The fishing sector plays an essential role 

in the economy of Senegal. This sector provides food and nutritional security to the population, 

supplying nearly 75% of animal protein sources (Ba et al. 2017). Moreover, this sector is of 

socio-economic importance because of the numerous employment it generates. The landings of 

the industrial fishery were estimated at 92,251 tons in 2017, with a commercial value at first 

sale estimated as 62 billion francs CFA (Communauté Financière Africaine; currency code 

XOF). The artisanal marine fishery captured 439,080 tons of fish in 2017, with a commercial 

value on the landing of about 164.464 billion francs CFA (MPEM, 2018). Overall, sea fishing 

contributed around 3.5% Gross Domestic Product (GDP) in 2017 and directly employed 15% 

of the active population in 2005 (Sall et al. 2006). In contrast, the inland fishery employed only 

20,000 fishers in 2012 (MPEM, 2018). The fisheries sector is at risk due to overfishing 

(Diankha et al. 2018; Baldé et al. 2018), marine pollution (Sonko et al. 2017) and climate 

change (Ba et al. 2016). 

To maintain its essential socio-economic and food security role of the fisheries sector in 

Senegal, aquaculture is being increasingly promoted by the government (Diadhiou et al. 2016). 

This shift in Senegal follows a worldwide trend. Aquaculture is a vital source of fish products 

for human consumption. Indeed, it supplies about half of fish products that are consumed 
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globally, producing 87 million tons of fish worldwide in 2014 (FAO, 2016). Most of this 

production comes from the Asian continent (89%), particularly China. Aquaculture remains 

marginal in African coastal countries, such as Senegal, but interest in this industry is growing. 

The actors in the fishing sector, authorities and researchers, are placing significant effort in 

developing this sector in Senegal. However, the development of aquaculture, especially fish 

farming, also generates negative impacts on the environment (e.g., Slusarczyk & Rygielska 

2004, Reid et al. 2009; Yokoyama et al. 2015). faeces result to the fish feeding represents about 

40-50% of feed given (dry basis), which are released into fish farm effluent (Souza et al. 2012; 

Perez et al. 2014). These discharges are sources of pollution in the organic (Amirkolaie, 2011; 

Bovendeur et al. 1990) and the mineral, like phosphorous (Correll, 1998; Elser et al. 2007, Foy 

et al. 1991), which can cause damage to the receiving watercourse. Conventional wastewater 

treatment processes are energy-intensive endeavors that yield little or no recovered resources 

and often require significant external chemical inputs (Gao et al. 2014).In most countries, where 

phosphorous and MO discharges are regulated, in freshwater aquaculture, these faeces are 

precipitated at the bottom of settle ponds before effluent discharge (Cripps & Bergheim 2000; 

Koko 2008). After this, pre-treatment sludge (Cripps & Bergheim 2000) are suitable for use as 

an agricultural fertilizer (Naylor et al. 1999). An alternative is to integrate this aquaculture with 

crops that also take this source of pollution into account (Reid et al. 2009). In the overflow 

system, effluents are used been for a long time to irrigate crops (Castro et al. 2003). However, 

contemporary challenges in water usage could also be addressed through circular economy 

solutions in the agricultural sector. They include water efficiency measures, and the reuse of 

treated wastewater not only for irrigation but also as water for livestock, cleaning water for 

hydroponics and aquaponics (Goździewicz-Biechońska, 2016; Graber & Junge 2008). This 

concept of the circular economy using aquaponic systems has been mostly developed this recent 

year (e.g., Junge et al. 2017; Forchino et al. 2017; Palm et al. 2018; Palm et al. 2015; Bildariu 
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et al. 2011). Still, in this process of the circular economy, it can be assumed that methanation 

or biogas as an efficient process for the treatment of organic waste has already been proposed 

but never documented at our knowledge for fish faeces. This approach could be suitable for 

RAS (Recirculated Aquaculture Systems) and hatcheries because of their high energies 

requirement.  

The anaerobic decomposition of organic matter, under the action of microorganisms, into 

biogas, is considered a viable alternative source of energy. However, the energy efficiency of 

biogas depends on the composition of different constitutive gases. There is a positive correlation 

between the CH4 composition of biogas and its calorific value. For example, the calorific value 

of one cubic meter of biogas containing 70% methane is 8.87 kWh, whereas the same quantity 

of pure biogas (100% methane) generates 12.67 kWh (Mirquez 2011). The production of biogas 

using organic waste from fish farms represents a potentially beneficial approach that manages 

effluent and reduces energy bills in fish farm facilities. The digestion of untreated effluent from 

fish farms shows a significant production of more than 67% CH4 and up to 78% CH4 when 

organic waste has been previously concentrated (Souza et al. 2012). Also, the product resulting 

from anaerobic digestion (methanogen compost or biodigestate) could be used as an alternative 

fertilizer. This product is rich in nitrogen and could be used to fertilize food crops, such as 

sorghum, in Senegal (Maiguizo-Diagne et al. 2016). 

Thus, it is necessary to test methanation as a technique for recycling fish faeces. This study 

investigated the energy potential and fertilizing potential of fish faeces in the framework of 

developing integrated multi-trophic aquaculture. 

 

Matrials and methods 
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Experimental breeding device 

The breeding experiments were carried out in a fish greenhouse. The experimental device 

consisted of 12 glass aquariums (50 * 150 * 50 cm, 375 L). These aquariums were connected 

to an air compressor. Each aquarium contained 25 fish of average weight 120 ± 18 g. The fish, 

Tilapia (Oreochromis niloticus), were reared for 18 weeks and were fed with “Ranan fish Feed” 

(Dry matter: 91.21 ± 0.02%, lipid content: 6 ± 0.5%, crude protein: 32 ± 0.9%, ashes: 7.27 ± 

0.2% and raw energy: 16.83 ± 0.2 MJ kg-1). Raanan fish Feed” (Prampram Fishfeed Factory, 

Ghana (Rurangwa et al. 2015)) was delivered from a large commercial feed company that 

produces extruded fish feeds, with good palatability (also used in e.g., Devic et al. 2018), and 

sales on national and regional markets. Fish were fed twice daily (09:00 and 15:00) by hand, 

and received 3% of their body weight. The breeding temperature was 29 °C ± 2, and the oxygen 

level ranged between 3 and 10 mg L-1 dissolved oxygen. Faeces were collected daily (Choubert 

et al. 1982; Spyridakis et al. 1989; Peres et al. 2013) between 08:00 and 08:30 using a bag ad 

hoc, with 100 μm mesh, connected to the drain pipe of the aquariums (1 m, diameter 2 cm). 

Collected faeces were systematically weighed (± 1g) and packaged before storage at low 

temperature (4 to 8°C).  

 

Biochemical characterization of fish faeces  

Total carbon, total nitrogen, soluble phosphorus, exchangeable cations (Ca, Mg, K, and Na), 

and ash contents were analyzed by a certified chemical. Gases (CH4 and CO2) were measured 

using a chromatography system (Agilent 490 Micro GC, Santa Clara, USA). 

 

Measurement of Biochemical Methane Potential 

The principle of methane potential BMP (BMP: Biochemical Methane Potential) is to incubate 

a small amount of organic substrate and to monitor the amount of biogas and the proportion of 
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methane produced. The incubation solution (100 mL of water) and faeces (10 g of Dry Matter) 

were placed in hermetically closed bottles (500 mL). The inoculum used was placed in 10 L 

bioreactor containing 400 g (fresh weight) sediments taken from Lake Redba [a highly salty 

environment that is rich in extremophilic microorganisms (Gregoire et al. 2009)], 800 g cow 

dung and water to make 2 L in total. Two conditions were tested (UIFF = raw faeces and IFF = 

fish faeces supplemented with microbial inoculum issued from a running bioreactor), in 

addition to a positive control (fish faeces alone) and negative control (solution and inoculum 

alone). Each treatment was repeated twice. All bottles were placed in an oven (38 °C) and 

shaken (two to three times per day). The CH4 and CO2 that were produced were measured 

weekly using micro-chromatography (μCG), from week 2 (W2) until the end of methanation 

(W9). 

 

Fertilizer potential of biodigestates under semi-controlled conditions 

The fertilizing power of Tilapia faeces digestates after methanation was tested on tomato 

(Solanum lycopersicum) and onion (Allium cepa). Three concentrations of digestate were used: 

FP_C1 = 50 g DM/450 ml, FP_C2 = C1 solution diluted (1:2, C1/w) and FP_C3 = C1 solution 

diluted (1:4, C1/w). Both varieties tested were pre-germinated on potting soil (Jiffy® substrates 

TREF, France). Seven-day-old seedlings were transferred to pots containing around 1 kg 

sterilized soil. For each cultivated crop, a positive control (NPK, i.e., nitrogen, phosphorus, 

potassium) was used with five repetitions, in which NPK was added to 0.04 g/pots for tomatoes 

and onion. Negative controls (PWS) did not contain any NPK or biodigestates. Fertiliser doses 

(biodigestate or NPK) were provided one week after transplantation. The plants were watered 

every two days. As plants grew, we measured the number of leaves, the diameter at the collar 

and the height of the plants. Also, the dry weight of shoots and roots were measured for each 

plant. 
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Data analysis and statistical tests 

Statistical analyses were carried out on various parameters that were measured on the plants to 

evaluate the effect of each treatment. Analysis of variance ‘ANOVA’ was followed by a 

comparison test (Tukey HSD) using the XLSTAT software (version 2010.3.02). 

 

Results 

Composition of fish faeces 

The total nitrogen content (assayed by the Kjeldahl method) of raw fish faeces (5.5%) decreased 

after digestion to 3.3% (Table 1). Kjeldhal nitrogen was mainly in the form of ammonium and 

organic nitrogen. These forms of nitrogen were more available and were involved in the 

methanation phase. Total phosphorus (Ptotal) content was 2.2% for raw fish faeces and increased 

after digestion to 2.5%. The observed N/P ratio (5:2) confirmed that fish faeces are a suitable 

substrate for methanation. 

 

Biogas production of fish faeces biogas production 

Biogas production of fish faeces was monitored using the standard BMP test. After nine weeks, 

fish faeces produced more biogas with the inoculum (IFF = 1100 mL) than fish faeces without 

the inoculum (UIFF = 900 mL) (Fig. 1). Biogas production from substrate only (UIFF) followed 

an almost constant rate (resulting in linear accumulation) during the nine weeks of incubation.  

 

Composition of the produced biogas  

Inoculated fish faeces (IFF) produced biogas with lower CH4 content at W2 (14%) compared 

to the other weeks. This percentage of methane increased quickly until peaking at W5 (74%, 

Fig. 2A), and remained stable at this maximum until W7. From W8, this level decreased to 63% 
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by W9 at the end of the experiment (Fig. 2A). Without inoculum (UIFF), methane production 

was negligible at W2, but increased quickly and then stabilized over time subsequently. From 

W4 until the end of the experiment, around 70 ± 5% methane was produced, except in W7 

where production decreased to 60% before returning to ca. 70% in W8 (Fig. 2B). 

 

Agronomic test 

Digestate affected the growth parameters of the two crops differently. Tomato plants (Table 

2A) fertilized with raw (FP_C1) or diluted (FP_C2 and FP_C3) biodigestates had significantly 

different plant height (p-value> 0.05) compared to the control at 90 days after sowing, with 

these values being similar to those obtained with NPK fertilizer. Only tomato plants fertilized 

with the most diluted faeces digestate (FP_C3) had significantly different aboveground biomass 

compared to faeces without fertilization. For most measured parameters, NPK fertilization 

produced higher values compared to plants without fertilization. In contrast to tomato, onion 

fertilised with raw (FP_C1) or diluted (FP_C2 and FP_C3) biodigestates showed no significant 

difference to non-intake plants (Table 2B). Onion fertilised with NPK resulted in significantly 

taller plants and greater aboveground and root biomass compared to the onion with no inputs 

or supplemented with digestate. 

 

Discussion 

Fish faeces contain about 18% dry matter (DM), which is slightly higher than that typically in 

pig manure, which contains between 5% and 8% DM (Quideau et al. 2014). The method used 

to collect faeces might have a slight influence on the percentage of DM. The use of a low mesh 

net (100 μm) allowed the collection of particles larger than 0.1 mm over the study period. In 

comparison, the decantation concentration method would have also collected more faeces but 

would have required a longer duration to do so. The storage of wet organic matter (OM) at 
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ambient temperature is generally not stable. The dry matter content of our substrates was 

between 15 and 25%, which falls within the reference range of suitability for anaerobic 

digestion process (Bollon 2012).  

Methane production depends on the composition and availability of mineral elements, such as 

nitrogen. During anaerobic digestion, bacteria use ambient CO2 and various nutritional 

elements present in the substrate (here fish faeces) to produce methane. Nitrogen is the most 

limiting factor (Moletta 2008). If nitrogen levels are too low compared to carbon, bacterial 

metabolism is hindered, with insufficient carbon being transformed to produce methane. In 

contrast, if nitrogen levels are too high, the ammonia-nitrogen produced inhibits the activity of 

microorganisms. Nitrogen is an essential element for ensuring good anaerobic digestion. 

Fresh cow dung is considered as a suitable substrate for methanation, producing Kjeldhal 

nitrogen values of 24.3 g kg-1 of DM (Anonymous 2013). In comparison, the Kjeldhal nitrogen 

value of fish faeces was double this value (55.1 g kg-1 of DM) (Table 1). This high level of 

nitrogen implies a low ratio of carbon to nitrogen (C/N = 7), which is far from the published 

optimum values of 25 and 30 (Tou et al. 2001). Despite this, we obtained biogas of good quality. 

Per unit dry weight, (Fig. 1) the biogas accumulation values obtained from fish faeces (120 L 

kg-1 and 90 L kg-1) were lower than those obtained by Maiguizo-Diagne et al. (2018) from cow 

dung. These differences could be explained by the diet of cows and the intestinal composition 

of cows, which naturally contains microorganisms involved in the process of methanation. The 

production rate of biogas in fish faeces was enhanced by using an inoculum (IFF), especially 

during the first seven weeks of incubation. After seven weeks, biogas production from IFF 

became less efficient, which might correspond to the depletion of the substrate in the BMP test 

(Moletta 2008). This difference in production dynamics between IFF and UIFF might be related 

to the supply of microorganisms that initiate the production of biogas more quickly. 
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The addition of inoculum also slightly increased biogas quality. The calorific value of biogas 

is strongly correlated with its CH4 content. Interestingly, the quality of biogas produced from 

tilapia faeces was better than that of cow dung (~58% CH4), being closer to that of poultry 

droppings (~63% of CH4) and leachates (77% of CH4) (Imen et al. 2009). The percentage of 

other trace gases present (such as hydrogen sulphide, H2S) could not be measured in this study; 

however, such gases should be investigated in future studies because further pre-treatment 

might be required to avoid the accumulation of toxic H2S. Research should also focus on 

designing methods to recover tilapia faeces efficiently.  

Based on Senegalese fish farming case study, the production of biogas using fish faeces can 

constitute a significant source of energy for hatcheries and RAS production. Fish production in 

Senegal (and more widely West Africa) is mainly oriented towards tilapia (Senegal River valley 

strains, Bouaké strains, Lake Manzala strains, Genetically Improved Farmed Tilapia strains). 

The supply of male fry of this species is determinant to ensure economical profitability. The 

most used approach is to treat fry with Methyltestosterone (Melard et al. 1995). Another 

technique “more ecological friendly,” which is not widely used, due to his energetic costs, is to 

spend larvae 28 days after hatching (<14 days post-fertilization) in high-temperature water (34-

36ºC). This technique highlighted by increasing the ratio (73-90%) of males fry in the cohorts 

(Baroiller et al. 2009; Baras et al. 2001). Another application of energy generated by faeces, 

close to this previous, is to induce a high ratio of males (Pradeep et al. 2012) and triploids 

(Razak et al. 1999) of tilapia using heat-shock. Such a technique allows potential alternative in 

the case where the methane produced by the faeces are used to bring necessary energy to get 

high-temperature water. If we consider this source of ‘energy,’ we can estimate the potential 

production according to the outcomes found in this study and considering, e.g., the goal (50,000 

tons at 2023) of the Senegalese national plan for the development of aquaculture (in Programme 

Senegal Emergent: http://senegal-emergent.com/fr/node/330). The potential of energy 
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produced using fish faeces was estimated at 18 199 MWh (UIFF). This production can be 

increased using inoculum (IFF) to 24 266 MWh. For this rough estimation, we considered (i) a 

high level of Feed Conversion Rate [FCR =1.2 kg kg-1 based on Tshinyama et al. (2018)], (ii) 

40% of feed given [dry matter around 95% (Köprücü & Özdemir 2005)] are released as faeces 

(Guimarães et al. 2008). The production of male tilapia fingerlings using this approach by 

recycling faeces can minimize the use of the hormone in hatcheries by, being part of a process 

of the clean land-based culture of fish (Shpigel et al. 1993). Finally, to roughly extend 

worldwide the conversion method used above and our result and knowing that Tilapia 

production in 2017 was 5 880 586 tons, and freshwater aquaculture represented 44 million tons 

in 2017, it can be estimated an electrical production for 1 and almost 10 million of people, 

respectively (considering 4400 megawatt hours is the power consumption of about 2000 

people). Obviously, such estimation is done under the hypothesis that fish faeces can be 

collected in a freshwater fish frame which appears easy for RAS (Brown et al. 2011) and less 

for open one (Cripps et al. 2000) where it remains to develop an ad hoc technique to collect 

fish faeces. 

Also, in the case of Senegal, there is a cold season between November to March. During this 

season, the ambient temperature can drop, and the temperature of surface water become cold 

(below 20°C) (Demarcq et al. 1995). In the hatchery, reproduction of tilapia broodstock is 

limited. Optimum for growing and breeding being around 28 ºC (Baras et al. 2002; 2001). Thus, 

by producing methane with fish faeces, it will be possible to use this energy to warm up the 

broodstocks with adequate temperature to maintain reproduction. 

As for reproduction, during the growing phase in a closed system, the heating of the water 

makes it possible to optimize the growth (Likongwe et al. 1996). By recovering the faeces to 

produce energy that heats the water in rearing tanks, a potential source of pollution is used to 
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improve the production and at the same time to eliminate the waste released by fish farming 

(circular system). The biodigestate resulting in this process can be used as fertilizer for crops. 

Indeed, the use of biodigestate on tomato and onion vegetable crops produced different 

responses. Preliminary measurements (first 30 days) of tomato growth parameters showed no 

significant differences with the negative control (no fertiliser) and lower values compared to 

the positive control (i.e., with NPK). In comparison, some parameters changed during the 

second period of measurements period (+90 days). For instance, plant height and the distance 

between nodes became similar to the NPK control and higher compared to the unfertilized 

treatment. For aboveground biomass, only the third and most diluted concentration was 

significantly higher compared to the negative control. In comparison, there was no significant 

difference in the measured parameters of onion between digestate-fertilised plants and the 

negative control, with NPK fertilisation being much more efficient. 

The current study facilitated provided insights on the fertilising power and assimilation of 

nutrients resulting from the methanation of fish faeces as aquaculture waste. Paradoxically, the 

lowest concentration enhanced the growth parameters of tomato the most. This response to 

biodigestates might be correlated to the raw digestates being too thick and not being sufficiently 

incorporated into the soil, with some elements remaining on the soil surface. Under this 

hypothesis, FP_C3 dilution (25% raw digests and 75% water) produced the best results because 

nutrients essential for plant growth were more bioavailable. Alternatively, the high 

concentrations of digestates might have had some negative effects that counterbalanced the 

benefits of nutrient supply; however, no strong negative effects were observed for the growth 

parameters. Digestates were insufficient to enhance the growth parameters of onion compared 

to NPK under our study conditions. Thus, the fertilizing potential of digestates need to be tested 

under actual field conditions to evaluate their potential over complete crop cycles, as well as on 
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other food crops, such as cereals (e.g., millet, sorghum, corn, rice), which are strongly 

represented in Senegalese agriculture. 

 

Conclusion 

This study demonstrated that fish faeces has strong biochemical and biogas potential both with 

and without external methanogen microorganisms, which may be related to its high nitrogen 

content. This potential was higher than or equal to, the one reported for cow dung (Ibn-

Abubakar & Ismail 2012; Riggio et al. 2017). These results demonstrate the viability of biogas 

production from Tilapia faeces. This approach could reduce the energy demand of fish farmers 

as it could be of relevant interest, e.g., to heat fish water thank for growth performance or fish 

progeny masculinization by heat-shock and enhance agricultural production as a biofertiliser of 

plant entering in fish food composition, moving towards integrated and multi-trophic 

aquaculture. The anaerobic digestion of faeces and the fertilising interest of the waste resulting 

from this process will reduce the impact of fish farming on the environment, facilitating the 

economic development of this sector, as encouraged by national authorities in the framework 

of blue growth. Thus we recommend extension toward open aquaculture frames to increase 

signiaficantly energy and fertilizer productions, i.e., when an engineering solution will develop 

cost-efficient ad hoc fish faeces collection systems for open environment. We also recommend 

to conduct a more agronomic test on bidigestat as fertilizer toward plant of relevant agricultural 

interest mainly for aquaculture, e.g., entering in fish feed composition. In the framework of blue 

growth (Brugère et al. 2015; Kokkinou et al. 2018), methanogenic and fertilizing potential of 

aquaculture waste provide locally net benefit to the ocean economy and environment, and do 

not disrupt principles of social equity. The results should be applied to reduce poverty, a priority 

of the blue blow growth. A promising application could be oriented toward small scale farms 

to reach energy self-sufficiency in developing countries.  
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Legend of the figures  

 

Figure 1    Biogas accumulated. Cumulative biogas production from fish faeces 

(Oreochromis niloticus) with the inoculum (IFF) versus without the inoculum (UIFF) in 

methanogenic communities.  
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Figure 2    Proportion of methane (CH4: black hatched) and carbon dioxide (CO2; white with 

a black point) in biogas produced from the fourth to ninth week (W) from inoculated tilapia 

(Oreochromis niloticus) faeces (IFF, in grey) and tilapia faeces without the inoculum (UIFF, 

in white).  
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Table 1   Biochemical composition of Tilapia (Oreochromis niloticus) faeces and digestate 

during breeding (in ppm). FF = raw faeces; FFD = digestate from FF after methanisation; C: 

carbon; N: nitrogen; P: phosphorus; Ca: calcium; Mg: magnesium; Na: sodium; K: potassium; 

nd: not determined 

 

Sample C N C/N   P total  Ca  Mg Na K 
FF 392 300 55 105 7.11  22 905 48 145 2 251 827 833 
FFD nd 33 548 nd  25 530 60 727 12 642 8 765 41 278 
Ratio 
FFD/FF - 0.61 -   1.11 1.26 5.62 10.6 49.55 
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Table 2   Effect of different concentrations of Tilapia (Oreochromis niloticus) faeces biodigestates on certain key growth parameters, i.e., 

quantity of leaves, height of plants (cm), collar diameter (mm), tomato internodes (cm) and dry weight (g), for (a) tomatoes (Solanum 

lycopersicum) and (b) onion (Allium cepa). Values form the same column are compared and when not sharing identical letters were significantly 

different (p-value < 0.05). PWS = plant without supply (control); FP_C1 = raw biodigestate (100%); FP_C2 = FP_C1 diluted at 50 % (v/v); 

FP_C3 = FP_C1 diluted at 25 % (v/v); Nitrogen phosphorus potassium NPK: fertiliser 12-12-16; Shoots = aboveground biomass; Roots = root 

biomass 

 

a) 

  

Tomato  
 

Quantity of leaves   Height of plants    Collar diameter   Internodes   Dry weight      

Time (day)  30 90  30 90  30 90  30 90  Shoots Roots 

Fe
rti

liz
er

 

PWS  57.0b 68.2b   18.4b 38.7b   4.2b 5.6b   7.4b 10.2a   3.56c 0.73b 
FP_C3  69.8b 79.0b  19.4b 48.2a  4.8b 6.0ab  8.0b 10.6a  5.02ab 0.78b 
FP_C2  71.2b 80.8b  20.5b 52.8a  4.4b 5.8b  8.0b 12.2a  4.72bc 0.87ab 
FP_C1  62.4b 72.2b  19.0b 57.0a  5.2b 5.6b  8.4ab 13.0a  3.59c 0.78b 
NPK  98.0a 107.6a   29.7a 57.2a   7.0a 7.6a   9.6a 11.4a   6.31a 1.29a 
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b) 

Onion  
 

Quantity of leaves   Height of plants    Collar diameter  Dry weight     

Time (day)  30 90  30 90  30 90  Shoots Roots 

Fe
rti

liz
er

 

PWS  6.0ab 7.0ab   13.5b 14.1b   1.0b 1.6b  54b 26b 
FP_C3  4.0b 5.0b  11.2b 13.2b  0.8b 1.4b  66b 38b 
FP_C2  5.0ab 7.0ab  13.8b 16.5b  1.2b 1.8b  82b 28b 
FP_C1  5.0ab 7.0ab  11.5b 14.0b  1.2b 1.6b  50b 26b 
NPK  8.0a 9.0a   31.3a 40.0a   4.2a 6.4a  540a 158a 

 


