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Figure 1 The biological components in the aquaponic process: fish, plants and bacteria (Somerville et al., (2014)) 
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Figure 2: The three main types of hydroponic systems in 
aquaponics (Wongkiew et al., 2017)

https://www.linguee.fr/anglais-francais/traduction/advantageous.html
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Figure 3 Classification of reads from biofilter, plant roots, periphyton and fish faeces to level phylum indicated as percentage 
of the population (Schmautz et al., 2017) 
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Figure 4 Bar chart showing the relative abundances of the families and genera representing more than 1% of the total reads 
within each sample, for the biofilter and sump samples of the RAS (GBXR) and plant and fish farming (PAFF) Box systems 

(GBXP) of Gembloux Agro-Bio Tech. The groups representing less than 1% are not shown on this graph. 
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Figure 5: The impact of pH on nutrient availability for plants 
(Somerville et al., 2014)
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Tableau 1: Optimal parameters for the three types of organisms in AP 
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Figure 7: Functioning of the PAFF Box and technical information  
Figure 6: Functioning of the PAFF Box and technical information
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Figure 7: Introduction of 80 lettuce seedlings in the top 
grow beds of the hydroponic compartment of the PAFF 

Box, on March 11, 2019
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Figure 10: Diagram summing the samplings of the lettuce roots according to the age of the plants 

Figure 8: Shoot of a diseased-looking 
plant of the initial group of lettuces, on 

March 19, 2019 

Figure 9: Roots of a diseased-
looking plant of the initial group of 

lettuces, on March 19, 2019
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Figure 11 Shattered rockwool 
plugs with a 3-week-old lettuce, 

on April 29, 2019
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https://www.linguee.fr/anglais-francais/traduction/heterogeneous.html
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Figure 12 Timeline of the experiment
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https://www.linguee.fr/anglais-francais/traduction/simultaneously.html
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http://qiime.org/
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Tableau 2 Table of root samples data showing the sample ID, its date of collection and preparation, the lettuce age, the 
average shoot fresh biomass and the Group in which the lettuces belonged. The two grey lines correspond to the root 

samples that were not studied. 
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Figure 13: pH evolution, water exchanges and nutrient addition from March 8, 2019, to May 13, 2019 
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Figure 15: Dissolved oxygen (DO) evolution and water exchanges from March 8, 2019, to May 13, 2019 

Figure 14: Temperature evolution (T), water exchanges and heating failure from March 8, 2019, to May 13, 2019
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Figure 16: Electroconductivity (EC) evolution and water exchanges from March 8 to May 13 
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Figure 17: Nitrate, phosphate, sulphate, potassium, magnesium, calcium ions evolutions from March 8 to May 13 

 

 

Figure 18: Ammoniac and nitrite evolution from March 11 to May 13 
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Figure 19: First factorial plan of the principal component analysis made on each day of the experiment, with the temperature, 
pH, EC and nitrate concentration factors. Each number correspond to a date as shown in the table.
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Tableau 3: Physicochemical groups’ characteristics. Key: x:̅ mean; σ: standard deviation; CV: coefficient of variation; Min: 
minimum; Max: maximum 
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Figure 20: Timeline showing the physicochemical groups throughout the experiment and the samplings. The blank days 
correspond to days in which all the parameters were not monitored. 
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Tableau 4: Table showing general information of the samples, i.e. the sample ID, the Q30 score, the number of reads before filtering and after filtering, the number of observed OTUs, the 
Shannon index and the Equitability. The blue colour and « S » letter refer to the sump water samples. The pink colour and « B » letter refer to the biofilter samples. The green colour and “E” 
letter refer to the endosphere samples. The yellow colour and “R” letter refer to the rhizoplane samples. In the sample ID column, the number associated to each sample corresponds to the 

sampling date: (1) 11.03; (2) 15.03; (3) 19.03; (4) 22.03; (5) 26.03; (6) 29.03; (7) 05.04; (8) 13.04; (9) 19.04; (10) 29.04; (12) 07.05; (13) 13.05. The A, B, C, D letters associated to some samples 
refer to representative tests, with the four repetitions. 
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Figure 21: Bar chart representing the relative abundance of each bacterial OTU according to each compartment, at the 
phyla level. Only the OTUs representing more than 0.5% of the total reads on average are shown 

 



 
 

 

Figure 22: Weighted UniFrac principal coordinates analysis showing the grouping of the biofilter, water, endosphere and 
rhizoplane bacterial samples.  Axis 1 and 2 explain 28.1 % of the total variability 
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Figure 23: Bar chart representing the relative abundance of each fungal OTU according to each compartment, at the genus 
level. Only the OTUs representing more than 0.1% of the total reads on average are shown. The taxonomic assignment 

sometimes stopped at family or phyla level, in which case the level is indicated. 

 

 

Figure 24: Weighted UniFrac principal coordinates analysis showing the grouping of the biofilter, water, endosphere and 
rhizoplane fungal samples.  Axis 1 and 2 explain 51.32 % of the total variability 
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Figure 25: Bar chart showing the relative abundance of each bacterial OTU according to each sample date, at the phyla level, 
in the water compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown 

 

 



 
 

 

Figure 26: bar charts showing the relative abundance of each bacterial OTU according to each sample date, at the genus level, 
in the water compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown. The 
taxonomic assignment sometimes stopped at family or class levels, in which case the level is indicated. The number in front of 
each genus corresponds to its phyla, namely: (1) Acidobacteria; (2) Bacteroidetes; (3) Firmicutes; (4) Fusobacteria; (5) 
Nitrospirae; (6) Planctomycetes; (7) Proteobacteria; (8) Verrucomicrobia 
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Figure 27: Bar chart representing the relative abundance of each fungal OTU according to each compartment, at the fungal 
genus level. Only the OTUs representing more than 0.1% of the total reads on average are shown. The taxonomic 

assignment sometimes stopped at family, class or phyla level, in which case the level is indicated. 
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Figure 28: Bar chart showing the relative abundance of each bacterial OTU according to each sample date, at the phyla 
level, in the biofilter compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown 

 



 
 

 

Figure 29: Bar charts showing the relative abundance of each bacterial OTU according to each sample date, at the genus level, 
in the biofilter compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown. The 
taxonomic assignment sometimes stopped at family or class levels, in which case the level is indicated. The numbers in front 
of each genus corresponds to its phyla, namely: (1) Acidobacteria; (2) Bacteroidetes; (3) Firmicutes; (4) Gemmatimonadete; 
(5) Nitrospirae; (6) Planctomycetes; (7) Proteobacteria; (8) Verrucomicrobia 
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Figure 30: Bar chart representing the relative abundance of each fungal OTU according to each compartment, at the fungal 
genus level. Only the OTUs representing more than 0.1% of the total reads on average are shown. The taxonomic 

assignment sometimes stopped at family, class or phylum levels, in which case the level is indicated. 

 

 



 
 

 

 

4.3.4.3  

• 

 

Figure 31: Bar chart showing the relative abundance of each bacterial OTU according to each sample date, at the phyla 
level, in the endosphere compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown. 

 



 
 

 

 

 

 

Figure 32: Bar charts showing the relative abundance of each bacterial OTU according to each sample date, at the genus 
level, in the biofilter compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown. 

The taxonomic assignment sometimes stopped at family or class levels, in which case the level is indicated. The numbers in 
front of each genus corresponds to its phylum, namely: (1) Acidobacteria; (2) Actinobacteria; (3) Bacteroidetes; (4) 

Firmicutes; (5) Nitrospirae; (6) Planctomyctes; (7) Proteobacteria; (8) Verrucomicrobia 
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Figure 33: Bar chart representing the relative abundance of each fungal OTU according to each compartment, at the fungal 
genus level. Only the OTUs representing more than 0.1% of the total reads on average are shown. The taxonomic 

assignment sometimes stopped at family, class or phylum levels, in which case the level is indicated 
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Figure 34: Bar chart showing the relative abundance of each bacterial OTU according to each sample date, at the phyla 
level, in the endosphere compartment. Only the OTUs representing more than 0.5% of the total reads on average are shown. 

 



 
 

 

Figure 35: Bar charts showing the relative abundance of each bacterial OTU according to each sample date, at the genus 
level, in the lettuce rhizoplane compartment. Only the OTUs representing more than 0.5% of the total reads on average are 
shown. The taxonomic assignment sometimes stopped at the class or family levels, in which case the level is indicated. The 
numbers in front of each genus correspond to its phylum, namely: (1) Acidobacteria; (2) Actinobacteria; (3) Bacteroidetes; 

(4) Firmicutes; (5) Nitrospirae; (6) Planctomycetes; (7) Proteobacteria; (8) Verrucomicrobia 
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Figure 36: Bar chart representing the relative abundance of each fungal OTU according to each compartment, at the fungal 
genus level. Only the OTUs representing more than 0.1% of the total reads on average are shown. The taxonomic 

assignment sometimes stopped at family, class or phylum level, in which case the level is indicated 
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Figure 37: Bar charts showing the relative abundance of each bacterial OTU according to each lettuce age, at the genus 
level, in the lettuce rhizoplane and endosphere compartments. Only the OTUs representing more than 0.5% of the total 

reads on average are shown.. 
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Figure 38: Bar charts showing the relative abundance of each fungal OTU according to each lettuce age, at the genus level, 
in the lettuce rhizoplane and endosphere compartments. Only the OTUs representing more than 0.1% of the total reads on 

average are shown. 
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Figure 39 Cluster dendogram generated by the command plot(), each number representing a day of the experiment (n° 1: 
March 8; n°48: May 13) 

 



 
 

 

Figure 40 Graph generated by the command prsq plot(), representing the R2 decrease at each individuals fusion, i.e. dates 
fusion 

 

Figure 41 Table showing the comparison of the 5 clusters generated by the two classifications 

 

Figure 42 Cluster dendogram showing the partition made of the 5 physicochemical groups 



 
 

 

 

Figure 43 Eigen values graph 

 

Figure 44 Variables factor map of the first factorial plan 
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