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Figure S1: Differences of cell counts of Pseudomonas and Paenibacillus genera strains in nutrient medium 

and synthetic medium at different levels of bacterial community richness. Total bacterial, Pseudomonas, 

and Paenibacillus cell counts were determined by serial plating on nutrient agar medium, Pseudomonas 

selective agar (CFC) medium, and Paenibacillus selective nutrient agar medium supplemented with 10 

µg/ml polymyxin B sulfate, respectively. Bacillus densities were determined by subtracting the 

Pseudomonas and Paenibacillus densities from the total bacterial densities.  It is evident from the figure 

that the cell densities of Paenibacillus and Pseudomonas genera were not negatively affected by the 

selective media as similar colony numbers were observed when the same samples were grown on non-

selective nutrient agar medium. 

 

 

 

 



 
 
 

  

Figure S2: Schematic diagram showing experimental setup of volatile organic compounds mediated 

pathogen suppression assay and plant growth promoting assay on agar medium and in soil. For the agar 

medium, the bacterial communities at the richness levels of 1 to 12 separately were two spots inoculated on 

one side of the divided Petri plates containing minimal salt agar medium and the other side was two spots 

inoculated with pathogen Ralstonia solanacearum on casamino acid-peptone-glucose (CPG) agar medium 

for pathogen suppression assay and with three seedlings of Arabidopsis thaliana plant on Murashige and 

Skoog agar medium for plant growth promotion assay. For the soil, one ml of bacterial communities at the 

richness levels of 1-12 separately were inoculated in 7.5 g (dry weight) of sterilized soil, while the other 

side was inoculated with pathogen and plant seedlings as described above for agar medium assays, 

respectively. The control treatments do not contain bacterial communities but only the pathogen and plant 

seedlings. The plates for both assays were sealed with parafilm and incubated to determine results.  
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Figure S3: Effect of volatile organic compounds (VOCs) produced by Ralstonia solanacearum and control 

(no VOCs) on the growth of twelve bacterial strains from Pseudomonas, Bacillus and Paenibacillus genera. 

Error bars denote for the standard deviation based on three measurement replicates. The numbers on X-axis 

correspond to following strains:  

1 = Pseudomonas fluorescens Q2-87, 2 = Pseudomonas fluorescens Phl1C2, 3 = Pseudomonas fluorescens 

Q8r1-96, 4 = Pseudomonas fluorescens PF-5, 5 = Bacillus amyloliquefaciens SQR-9, 6 = Bacillus 

amyloliquefaciens NJN-6, 7 = Bacillus amyloliquefaciens FZB42, 8 = Bacillus amyloliquefaciens T-5, 9 = 

Paenibacillus polymyxa SQR-21, 10 = Paenibacillus polymyxa WR-2, 11 = Paenibacillus polymyxa PP-11 

and 12 = Paenibacillus polymyxa PP-17.  

     

 

 

 

 

 

 



 
 
 

 

Figure S4: The suppression of Ralstonia solanacearum plant pathogen (a) and growth promotion of 

Arabidopsis thaliana plant (b) by twelve bacterial strain from three bacterial genera on agar medium and 

in sterilized soil. The pathogen suppression (PS) was determined as cell counts/ml after exposure to the 

VOCs produced by each bacterium and expressed as percentage decrease compared to control (no VOC 

exposure). The plant growth-promotion (PGP) was determined as plant fresh weight (mg) after exposure to 

the VOCs produced by each bacterium and expressed as percentage increase compared to control (no VOC 

exposure). Error bars denote for standard deviation based on three measurement replicates and different 

letters above bars show significant differences at level P<0.05 according to Tukey’s test. The numbers on 

X-axis denote for bacterial strains as follows: 

1 = Pseudomonas fluorescens Q2-87, 2 = Pseudomonas fluorescens Phl1C2, 3 = Pseudomonas fluorescens 

Q8r1-96, 4 = Pseudomonas fluorescens PF-5, 5 = Bacillus amyloliquefaciens SQR-9, 6 = Bacillus 

amyloliquefaciens NJN-6, 7 = Bacillus amyloliquefaciens FZB42, 8 = Bacillus amyloliquefaciens T-5, 9 = 

Paenibacillus polymyxa SQR-21, 10 = Paenibacillus polymyxa WR-2, 11 = Paenibacillus polymyxa PP-11 

and 12 = Paenibacillus polymyxa PP-17. 

 



 
 
 

 
 

Figure S5: The relationship between Ralstonia solanacearum growth on agar medium and in sterilized soil 

after exposure to volatile organic compounds produced by bacterial communities (a). The relationship 

between Arabidopsis plant growth on agar medium and in sterilized soil after exposure to volatile organic 

compounds produced by bacterial communities (b). In both panels, each observation shows the effect of 

each replicate of each bacterial monoculture or community. 

 

 

 
 

 



 
 
 

 
Figure S6: Pathogen suppression (PS), plant growth promotion (PGP) and production of volatile organic 

compounds (VOCs) by Pseudomonas, Bacillus and Paenibacillus genera. VOC-mediated pathogen 

suppression (A) and plant growth-promotion (B) by Pseudomonas, Bacillus and Paenibacillus genera 

measured using agar medium and soil system. The relative amount (C) and number (D) of all VOCs, 

pathogen suppressing VOCs and plant growth-promoting VOCs produced by Pseudomonas, Bacillus and 

Paenibacillus genera. The relative amount of VOCs represents the relative peak area to (Z)-3-hexenyl 

acetate (internal standard) in arbitrary units (a.u.) of VOCs produced by bacterial strains in each genus as 

detected by GC-MS analysis. Error bars indicate the standard deviation based on three measurement 

replicates and bars show the mean of four strains of every genus. Different letters show significant 

differences at P<0.05 based on Tukey’s test. The experiments were repeated twice in triplicate. 

 



 
 
 

 
 

Figure S7: The relative amount of all produced VOCs (a), pathogen-suppressing (PS) VOCs (b) and plant 

growth-promoting (PGP) VOCs (c), and the number of all produced VOCs (d), pathogen-suppressing VOCs 

(e) and plant growth-promoting VOCs (F) by twelve bacterial strains from three bacterial genera.  

The relative amount of VOCs represents the relative peak area to (Z)-3-hexenyl acetate (internal standard) 

in arbitrary units (a.u.) of VOCs produced by each bacterial strain and the number of VOCs represents the 

number of VOC peaks detected by GC-MS analysis. Error bars denote for standard deviation based on three 

measurement replicates and different letters above bars show significant differences at level P<0.05 

according to Tukey’s test. The numbers on X-axis denote for bacterial strains as follows:  

1 = Pseudomonas fluorescens Q2-87, 2 = Pseudomonas fluorescens Phl1C2, 3 = Pseudomonas fluorescens 

Q8r1-96, 4 = Pseudomonas fluorescens PF-5, 5 = Bacillus amyloliquefaciens SQR-9, 6 = Bacillus 

amyloliquefaciens NJN-6, 7 = Bacillus amyloliquefaciens FZB42, 8 = Bacillus amyloliquefaciens T-5, 9 = 

Paenibacillus polymyxa SQR-21, 10 = Paenibacillus polymyxa WR-2, 11 = Paenibacillus polymyxa PP-11 

and 12 = Paenibacillus polymyxa PP-17. 



 
 
 

 

Figure S8: Pathogen suppression (a, b) and plant growth promotion activity (c) of volatile organic 

compounds (VOCs), at different concentrations, produced by bacterial strains at different richness levels. 

There were forty-one VOCs out of 85 that showed pathogen suppression activity and there were only six 

VOCs out of 85 that promoted plant growth. Error bars denote for standard deviation based on three 

measurement replicates and different letters above bars show significant differences for each VOC at level 

P<0.05 according to Tukey’s test. 

EFN = Ethanone 1-(2-furanyl)-; HMB = 1-Hydroxy-4-methylbenzene; NM = Nephthalene 1-methyl; UM 

= Undecanal 2-methyl; BHT = Butylated hydroxy toluene; BSAB = Benzenesulfonamide n-butyl; HAD = 

n-Hexadecanoic acid; PMEB = Phenol 4, 4-(1-methylethylidene) bis- 



 
 
 

 

Figure S9: Effect of bacterial community richness on volatile organic compound (VOC)-mediated 

pathogen suppression (a) and plant growth-promotion (b) when measured in sterilized soil. The pathogen 

suppression was determined as cell counts/ml after exposure to the VOCs produced by bacterial 

communities and expressed as percentage decrease compared to control (no VOC exposure). Plant growth-

promotion was determined as plant fresh weight (mg) after exposure to the VOCs produced by bacterial 

communities at different richness levels and expressed as percentage increase compared to control (no VOC 

exposure). In both panels, each observation shows the effect of each replicate of each bacterial monoculture 

or community. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 



 
 
 

 

Figure S10: The relationship of bacterial community richness (a) and pathogen suppression (b) with the 

composition of pathogen-suppressing (PS) volatile organic compounds (VOCs), and the relationship of 

bacterial community richness (c) and plant growth promotion (d) with the composition of plant growth-

promoting (PGP) VOCs. The pathogen suppression was determined as cell counts/ml after exposure to the 

VOCs produced by bacterial communities and expressed as percentage decrease compared to control (no 

VOC exposure). Plant growth-promotion was determined as plant fresh weight (mg) after exposure to the 

VOCs produced by bacterial communities at different richness levels and expressed as percentage increase 

compared to control (no VOC exposure). The first axis of the principal component analysis based on non-

transformed VOC data was used as a surrogate of the VOC composition. The principal component 1 (PC1) 

explained 55% and 30% of the total variance of the composition of pathogen-suppressing and plant growth-

promoting VOCs, respectively. In all panels, each observation shows the effect of each replicate of each 

bacterial monoculture or community. 

 

 

 

 

 



 
 
 

 

Figure S11: Effect of bacterial community richness on the production of unique volatile organic 

compounds (VOCs). Number of all unique volatile organic compounds (VOCs; A), pathogen suppressing 

(PS) VOCs (B) and plant growth-promoting (PGP) VOCs (c) produced and not produced by communities 

at richness levels 2, 3, 4, 6 and 12 compared to richness level 1. Error bars indicate the standard deviation 

based on three measurement replicates. Different letters show significant differences at P<0.05 based on 

Tukey’s test.  

 

 

 

 



 
 
 

 
 

Figure S12: Number of volatile organic compounds (VOCs) of each chemical group produced by twelve 

bacterial strains from three genera at different community richness levels and their pathogen suppression 

and plant growth promotion activity.  

N = nitrogen; S = sulfur 

 


