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Towards an index of biological state of the soil 

 

             as a new tool for ecotoxicological studies 

     Institut National de la Recherche Agronomique 



The context: ecotoxicology of the soils 

Assess the fate and impact of pollutants on the soil ecosystem 

    ● the cropped soils 

       (plant protection products, medecines, EDCs, ETM…) 

Question: 

What should be an equilibrated state of the soil ecosystem 

(a situation of « reference ») useful to  assess the real 

 impact of pollutants ? 

Take into account the other perturbations of these ecosystems 

    ● anthropic: practices, management, wastes 

    ● natural: pedo-climatic 
 



Our research program 

« An index of biological state of the soils » 

                                      3 objectives: 

 
● build an index for natural (meadow) and cropped soils 

 

● study its variation in response to agronomic (practices at the field) 

   or environmental (pollutions in microcosms) constraints 

 

● validate it in situ using fields, polluted soils… exhibiting various  

   physico-chemical and biological properties 

     Institut National de la Recherche Agronomique 



Our hypotheses 

● The biological state of a soil can be assessed by a 

   mathematical combination of variables, describing 

   both the structural and functional diversity of the  

   microbial communities  

 

 

● The multiplicity of the determined variables allows the 

   modulation of the bias related to each method 

 

 

● Meadows and crops behave as systems of reference 

   regarding polluted sites   



Our strategy 

The description of the relationships between physico-

chemical and biological variables in contrasted 

situations 

Three steps linked by mathematical modelling: 

 
● measure of the variables in agronomic situations (year 1) 

                          meadows and crops 

 

● assessment of the variations due to pollution (year 2) 

                          microcosms, organics, ETM 

 

● validation in situ in fields, polluted soils… (year 3) 



Variables describing the microbial communities  

Total 

biomass 

Fungal 

biomass 

Bacterial 

biomass 

Enzyme 

activities 

Microbial C Ergosterol Cultivable R2A Metabolic profiles 

Dehydrogenase 

Reference methods 

Microbial DNA 

PLFA profiles Linoleic acid 

Glucosidase 

Glucosaminidase 

Phosphatases 

Urease 

Arylsulfatase 

PLFAs 

Current methods Emerging methods 

Total PLFAs 

Real time PCR 

 

Fungal DNA 

Fusarium 

Flow cytometry 

Real time PCR 

 

Bacterial DNA 

Fungal laccases Pseudomonas 



Measure of the variables at the field  

● 2 sites: St Georges and Yvetot (near Rouen) 

      ● 2 situations: meadows and crops 

            ● 3 periods of sampling: april, june and september 

25 m 

40 m 
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1 m 

St Georges, meadow 

0-10cm, 4-kg 

Sub-soil: chalk 

Soil: silt layer + silex 



St Georges:  total biomass, microbial DNA 
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Crop: wheat Meadow 

26.0 ± 5.7 µg/g 16.3 ± 4.9 µg/g 

► higher total microbial biomass in the meadow, with a lower spatial variation  



 

0.5 ± 0.2 

 

1.7 ± 0.6 

 

0.2 ± 0.2 

 

0.7 ± 0.5 
Fusarium DNA 

(ng/g soil DW) 

 

33.4 ± 8.4 

 

118.0 ± 41.8 

 

18.7 ± 8.5 

 

201.0 ± 139.0 
Fungal DNA 

(ng/g soil DW) 

 

1.9.107 

 

2.6.107 

 

1.3.107 

 

7.106 Pseudomonas 

(bact/g soil DW) 

3.0.109 ± 

1.8.109  

1.2.1010 ± 

7.3.109  

2.8.109 ± 

7.6.108  

5.0.109 ± 

1.1.109  

Flow cytometry 

(bact/g soil DW) 

 

5.108 

 

1,5.109 

 

5.108 

 

4.108 Cultivable bac. 

(bact/g soil DW) 

 

1.6 ± 0.5 

 

4.7 ± 1.9 

 

3.4 ± 0.6 

 

12.2 ± 3.3 
Ergosterol 

(µg/g soil DW) 

 

15.6 ± 2.1 

 

36.0 ± 4.9 

 

16.3 ± 4.9 

 

26.0 ± 5.7 
Microbial DNA 

(µg/g soil DW) 

Yvetot 
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Yvetot 
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St Georges 

crop 

St Georges 

meadow 

Variable 

Structural diversity: partial results 



St Georges: PLFA 
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Yvetot: dehydrogenase 

► higher activity in the meadow, but with a higher spatial variation  

Crop: wheat Meadow 

30.0 ± 18.0 nmol/h/g soil DW 6.0 ± 1.0 nmol/h/g soil DW 
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Functional diversity: enzymes 

Variable St Georges 

meadow 

St Georges 

crop 

Yvetot 

meadow 

Yvetot 

crop 

Dehydrogenase 

(nmol/h/g soil) 

 

11.0 ± 7.0 

 

8.0 ± 5.0 

 

30.0 ± 18.0 

 

6.0 ± 1.0 

Glucosidase 

(nmol/h/g soil) 

 

266.1 ± 123.6 

 

653.0 ± 162.6 

 

670.0 ± 170.0 

 

249.7 ± 76.2 

N-acetyl gluco. 

(nmol/h/g soil) 

 

486.2 ± 227.4 

 

200.1 ± 81.1 

 

212.0 ± 59.5 

 

97.4 ± 72.4 

Alk. phosphat. 

(nmol/h/g soil) 

 

395.0 ± 90.3 

 

506.5 ± 435.5 

 

895.2 ± 642.8 

 

747.8 ± 204.1 

Aci. Phosphat. 

(nmol/h/g soil) 

 

755.0 ± 354.3 

 

640.0 ± 129.6 

 

1368 ± 608 

 

522.3 ± 321.9 

Arylsulfatase 

(nmol/h/g soil) 

 

91.0 ± 109.0  

 

3.0 ± 48.0  

 

444.0 ± 244.0  

 

241.0 ± 10.0  

Urease 

(nmol/h/g soi) 

 

13.0 ± 4.0  

 

10.0 ± 1.0  

 

10.0 ± 4.0  

 

8.0 ± 1.0  



Potential functional diversity: Biolog plates 

► More positive wells in meadow than in crop  
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1,405 1,387 1,267 0,999 0,8 1,289 2,075 0,707 0,159 0,027 0,098 0,482 1,522 1,042 1,807 0,329 1,745 1,14 0,133 1,935 0,614 0,433 0,131 0,921 0,881 0,022 1,264 1,52 0,21 0,938 0,937

1,634 1,352 1,245 1 0,779 1,305 2,164 0,72 0,196 -0,012 0,043 0,489 1,588 1,082 1,362 0,305 1,807 1,175 0,125 1,801 0,638 0,658 0,045 1,93 0,962 -0,019 1,48 1,357 0,183 0,902 0,735

1,233 1,26 0,845 0,794 0,483 1,156 1,832 0,645 0,115 -0,015 0,036 0,629 1,755 0,874 1,701 0,381 1,893 1,041 0,051 1,804 0,472 0,544 0,026 1,478 1,052 0,016 0,779 1,854 0,258 0,627 0,702

1,552 1,402 0,913 0,947 0,423 1,22 1,982 0,495 0,149 -0,015 0,021 0,387 1,499 0,921 1,703 0,333 1,748 1,187 0,022 1,88 0,551 0,75 0,245 1,142 0,902 -0,032 0,809 1,602 0,153 0,779 1,029

1,933 1,157 1,13 1,084 0,74 1,322 2,351 0,676 0,13 -0,007 0,024 0,485 1,83 0,993 1,669 0,299 2,079 1,157 0,068 2,056 0,519 0,598 0,034 1,716 1,044 -0,043 1,073 1,332 0,212 0,57 0,905

1,338 1,349 0,761 0,658 0,683 1,309 1,8 0,477 0,118 -0,015 0,026 0,476 1,834 0,635 1,616 0,356 1,598 1,282 0,044 1,66 0,766 0,549 0,042 1,857 0,942 0,001 0,523 1,777 0,207 0,711 0,76

1,573 1,399 1,335 1,211 0,595 1,293 2,066 0,419 0,239 -0,005 0,024 0,467 1,95 0,648 1,906 0,297 1,768 1,433 0,012 1,9 0,593 0,627 0,019 1,133 0,774 -0,027 0,84 1,827 0,154 0,226 0,603

Crop 

!!! 30 substrates and 1 control 
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Conclusions 

       Structural diversity 
 

● The mean values of the descriptors are higher in meadows than  

   in crops 

 

● Their spacial variations are lesser in crops than in meadows  

 

► meadows seem to exhibit high amounts of fungal/bacterial biomass 

     Functional diversity 
 

● Meadows strongly differ from crops  

 

● The diversity of bacteria present in meadows is higher than this  

   measured in crops 

 

► meadows seem to exhibit the highest functional diversity 

► Decreased selecticity of functional variables vs diversity 



Perspectives 

● Variation of the descriptors with the season 

 

●  Profiles of soil enzymes 

 

● Relationship with physico-chemical descriptors 

 

● Impact of pollutant 

 

● Database 

 

● Mathematical treatment 

 

● Development of new descriptors 



Flow cytometry 

5 g  + 45 ml NaCl 

Vortex, centrifugation 1000 rpm 5mn 

Supernatant, dilution in NaCl 

10-1 et 10-2 10-2 et 10-3 

Spreading on R2A medium: 100 µL 

Incubation 

Labeling with SYBR Green I 

0.05 % final (488-525 nm) 

Cytometry (13 µL) 

Enumeration of cultivable bacteria Quantification of total bacteria 



Cytograms 
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Effect of xenobiotics on the production of laccase proteins 

● Treatment of 4-day liquid cultures of T. versicolor with xenobiotics 

 

● Separation of the extracellular fluid 

 

● Precipitation of polysaccharidic compounds with 10% acetone 

 

● Diafiltration of the protein solution (cut off 10kD, Amicon) 

 

● Purification on Concanavalin A-Sepharose 4B column (Sigma-Aldrich) 
(elution with 0.2M Tris Hcl in the presence 0.5M NaCl and 0.2M o-methyl glucose) 

  

● Separation by SDS-Page (12%) 

 

● Identification of proteins by Maldi-TOF (Bruker) 

 

 
                       profiles of proteins  



Separation and identification of lac A isoforms 
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► Towards a proteomic approach of soil diversity 
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