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Supplementary material 

 

Figure S1. Map of Bien Hoa airbase with the position of soil samples contaminated with herbicides that were 

investigated during this study (left), and details of the sampling (right), with a cartoon of containers T1 and T4A 

showing the amounts in kg, rice straw as an amendment in T4A and sampling times (bottom). Credits Google 

Earth. Herbicide and dioxin-contaminated soil was collected from Bien Hoa airbase (10°58’14.3” N 123 

106°48’19.3” E), Dong Nai Province, Vietnam. In the 1st experiment, T1 or T4A soil was incubated in BS 

medium containing 100 mg/l of 2,4-D and 100 mg/l of 2,4,5-T during 23 days of cultivation(1st enrichment). 

Then 10% (v/v) of these cultures were transferred into fresh BS medium with final concentrations of 200 mg/l 

2,4-D and 100 mg/l 2,4,5-T for 25 days (2nd enrichment). In the 2nd experiment, the herbicides were added 

either in powder form or dissolved in acetone. T1 soil was an inoculum for BS medium with final 

concentrations of 100 mg/l 2,4-D and 100 mg/l 2,4,5-T in 65 days (1st enrichment). Obtaining the 2nd and 3rd 

enrichments was done essentially as described in the 1st experiment but with the herbicides added either in 

powder form or dissolved in acetone during 35, 20 and 20 days of cultivation, successively. The 2nd enrichment 

was also used to study the effect of an additional spike of the herbicides. 
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Figure S2. Concentrations of 2,4-D and 2,4,5-T after destructive and random sampling as determined by LC-

MS/MS. TV, theoretical calculation; DS, destructive sampling; RS, random sampling. Each value is an average 

of a triplicate with the standard deviation shown. 

 

 

 

 

Figure S3. Numbers of CFUs in cultures of T1 and T4A soil communities grown on 2,4-D and 2,4,5-T as the 

major carbon and Gibbs energy sources during cultivation in the 1st (A) and the 2nd (B) enrichment cultures. 

Each value is an average of a triplicate with the standard deviation shown. 
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Figure S4. The relative abundance of phyla (A) and genera (B) of the 1st enrichment of T1 and T4A soil after 

cultivation at the time points shown. Different bars at similar time points are replicates. The genera with a 

relative abundance of more than 2% are shown, all others are merged into the group ‘Others’. 
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Figure S5. The relative abundance of phyla (A) and genera (B) of the 2nd enrichment of T1 and T4A soil during 

cultivation. Different bars at similar time points are replicates. The genera with a relative abundance of more 

than 2% are shown, all others are merged into the group ‘Others’. 
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Figure S6. Alpha diversity indices of bacterial communities from cultures with T1 and T4A soil (A), of bacterial 

communities from cultures with T1 soil during the 1st and 2nd enrichment (B), and of bacterial communities 

from cultures with T4A soil during the 1st and 2nd enrichment (C). P-values were calculated using the Wilcoxon 

rank-sum test. 
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Figure S7. Non-metric multidimensional scaling (nMDS) ordination of the Bray-Curtiss dissimilarity from 

cultures with T1 and T4A soil (A), of bacterial communities from cultures with T1 soil during the 1st and 2nd 

enrichment (B) and of bacterial communities from cultures with T4A soil during the 1st and 2nd enrichment (C). 

Taxonomic variables (OTUs) are added as grey dots to the background of each ordination using argument 

‘points’, display = “species” of the function metaMDS in R. P-values are at the lower-left corner of each plot. 
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Figure S8. Numbers of CFUs in cultures of T1 soil communities with 2,4-D and 2,4,5-T added in powder form 

(P) or dissolved in acetone (S) during cultivation of the 1st enrichment (A), the 2nd enrichment (B), the 3rd 

enrichment (C), and the 2nd spike in the 2nd enrichment (D). Each value is an average of a triplicate with the 

standard deviation shown. 
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Figure S9. Alpha diversity indices of bacterial communities from cultures where 2,4-D and 2,4,5-T were added 

A) in powder form or dissolved in acetone, B) dissolved in acetone and C) in powder form P, powder form; S, 

dissolved in acetone. P-values in A) were calculated using the Wilcoxon rank-sum test, whereas P-values in B) 

and C) were calculated using the Kruskal-Wallis rank-sum test followed by Dunn’s Kruskal-Wallis multiple 

pairwise comparisons with the BH p-value correction  
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Figure S10. The relative abundance of phyla (A) and genera (B) identified by 16S rRNA gene amplicon 

sequencing from the 1st enrichment of T1 soil during cultivation by different spike methods. Different bars at 

similar time points are replicates. The genera with a relative abundance of more than 2% are shown, all others 

are merged in the group ‘Other’.  
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Figure S11. The relative abundance of phyla (A) and genera (B) identified by 16S rRNA gene amplicon 

sequencing from the 2nd enrichment of T1 soil during cultivation by different spike methods. Different bars at 

similar time points are replicates. The genera with a relative abundance of more than 2% are shown, all others 

are merged into the group ‘Others’.  
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Figure S12. The relative abundance of taxonomic phylum (A) and genera (B) identified by 16S rRNA gene 

amplicon sequencing from 3rd enrichment of T1 soil during cultivation by different spike methods. Different 

bars at similar time points are replicates. The genera with a relative abundance of more than 2% are shown, all 

others are merged into the group ‘Others’.  
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Figure S13. The relative abundance of taxonomic phylum (A) and genera (B) identified by 16S rRNA gene 

amplicon sequencing from 2nd Spike enrichment of T1 soil during cultivation by different spike methods. 

Different bars at similar time points are replicates. The genera with a relative abundance of more than 2% are 

shown, all others are merged into the group ‘Others’. 
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Figure S14: Differential analysis of OTUs whose relative abundance changed significantly (p < 0.05) over time 

from the original inoculum. OTUs are from cultures with T1 soil where herbicides were added in powder form 

during the 2nd enrichment after 7 days of cultivation (A) and during the 3rd enrichment after 7 days of 

cultivation (B). Log2-FoldChange is the log-ratio of observed differences between the tested sample and the 

original inoculum. The colour-coding of the phyla of the corresponding OTUs is shown at the left of each panel. 
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Figure S15: Differential analysis of OTUs whose relative abundance changed significantly (p < 0.05) over time 

from the original inoculum. OTUs are from cultures with T1 soil where herbicides were dissolved in acetone 

during the 2nd enrichment after 7 days of cultivation (A), during the 3rd enrichment after 7 days of cultivation 

(B), and during the 2nd spike enrichment after 5 days of cultivation (C). Log2FoldChange is the log-ratio of 

observed differences between the tested sample and the original inoculum. The colour-coding of the phyla of 

the corresponding OTUs is shown at the left of each panel.  



15 
 

Table S1. Statistical analysis of beta diversity. This was examined with the dispersion and PERMANOVA tests 

for pairwise enrichments of spikes P and S. All dispersion p-values were > 0.05 and all PERMANOVA p-

values were < 0.05 

 

A. Pairwise comparisons for group mean dispersions 

 

A1. Pairwise enrichments of spike P 

(Observed p-value below diagonal, permuted p-value above diagonal) 

 

Enrichments 1st 2nd 2nd Sp 3rd 

1st  0.22 0.10 0.33 

2nd 0.22  0.73 0.92 

2nd Sp 0.10 0.74  0.7263 

3rd 0.33 0.93 0.74  
 

A2. Pairwise enrichments of spike S 

(Observed p-value below diagonal, permuted p-value above diagonal) 

 

Enrichments 1st 2nd 2nd Sp 3rd 

1st  0.64 0.44 0.45 

2nd 0.62  0.68 0.72 

2nd Sp 0.41 0.67  0.99 

3rd 0.44 0.70 0.99  
 

 

B. Pairwise comparisons for PERMANOVA 

 

B1. Pairwise enrichments of spike P 

 

Enrichments 1st 2nd 2nd Sp 

2nd 0.006   
2nd Sp 0.009 0.016  
3rd 0.010 0.016 0.047 

 

B2. Pairwise enrichments of spike S 

 

Enrichments 1st 2nd 2nd Sp 

2nd 0.043   

2nd Sp 0.002 0.002  

3rd 0.002 0.003 0.167 

 

P-values adjustment method: BH 
 


