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Agroecological transition and soil functions

- As part of the agro-ecological transition, soil plays an important role in the implementation of sustainable
agricultural practices.

- The services provided by soils are numerous:
▪ Plant production (supply of mineral elements,
regulation of pests and diseases, structural stability, etc.) ;
▪ Carbon storage;
▪ Biodiversity maintenance;
▪ Regulation of air and water quality;
▪ etc.

- Need to optimize the ecological functions of soils for the
sustainable provision of agrosystem services.
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Need for diagnostic tools

- To maximize soil services, diagnostic tools are needed to assess current levels and potential for improvement.
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Bioindicators - Significant advances

2023

1998
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What is an indicator?

1. Sensitive, reproducible (standardized) measurement methods, with control of the 
steps upstream of analysis (sampling, packaging/sending, preparation/storage, etc.)

2. Indicators = methods with interpretation references and links to soil functions for
diagnosis 

3. Advisory tools = aggregation of indicators with operational implementation to 
maintain, improve and guide soil functions
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2. Indicators = methods with interpretation references and links to soil functions for diagnosis 

From the simple range of variations for a descriptive purpose...

What is an indicator?
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... Improved by knowledge of the impact of pedoclimate and agronomic 
practices, which helps to explain the value ...

What is an indicator?

2. Indicators = methods with interpretation references and links to soil functions for diagnosis 
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… up to the link with soil functions, which can be used to define a targeted 
level and propose operational advice …

What is an indicator?

2. Indicators = methods with interpretation references and links to soil functions for diagnosis 
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Agro-Eco Sol project (2017-2023)

Objectives :

→ Industrialize innovative soil analysis processes (bioindicators of soil quality), designed to give farmers easier access to
comprehensive advice on the management of agricultural soils (field crops).

→ Build operational advice based on these bioindicators (interpretation references according to the effect of pedoclimate
and cultivation practices, definition of targeted levels of functions indicated by these bioindicators, as well as possible
agronomic practices to reach these levels).
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Agro-Eco Sol offer
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Agro-Eco Sol offer

CONNAÎTRE (BIO)INDICATOR ANALYSIS

FIELD OBSERVATIONS
STRUCTURAL CONDITIONS

• Plot context
• Surface condition
• Soil profile
• Spade test (ISARA method)

- Plot environment
- Soil structure

INTERPRETATION 
REFERENCES

• references from research and 
technical institutes (ISARA, Arvalis) 
and internal references (>500 plots)
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Agro-Eco Sol offer

CONNAÎTRE

- The reservoir of chemical elements
- Physical and chemical 
characteristics of soil

(BIO)INDICATOR ANALYSIS

• Texture
• Organic carbon
• Total nitrogen

• Total limestone
• pH
• Nutrients (P2O5, Cu...)

PHYSICAL-CHEMICAL SOIL ANALYSIS

FIELD OBSERVATIONS
STRUCTURAL CONDITIONS

• Plot context
• Surface condition
• Soil profile
• Spade test (ISARA method)

- Plot environment
- Soil structure

INTERPRETATION 
REFERENCES

•  COMIFER and internal references 
(160,000 analysis/year)

• references from research and 
technical institutes (ISARA, Arvalis) 
and internal references (>500 plots)



Justine Le Net / Auréa AgroSciences Intersol / 27 mars 2024

Agro-Eco Sol offer

CONNAÎTRE

- The reservoir of chemical elements
- Physical and chemical 
characteristics of soil

- The soil's larder for organisms 
and crops in the short, medium 
and long term
- The C cycle (storage, recycling, 
transformation)

(BIO)INDICATOR ANALYSIS

C AND N INDICATORS
• Labile/stable carbon and nitrogen

• Microbial resources

• Living carbon

• Biologically mineralizable nitrogen

• C and N particle size fractionation
• Oxidizable carbon with KMnO4
• Microbial carbon (fumigation / extraction)
• Nitrogen mineralized by anaerobic incubation

• Texture
• Organic carbon
• Total nitrogen

• Total limestone
• pH
• Nutrients (P2O5, Cu...)

PHYSICAL-CHEMICAL SOIL ANALYSIS

FIELD OBSERVATIONS
STRUCTURAL CONDITIONS

• Plot context
• Surface condition
• Soil profile
• Spade test (ISARA method)

- Plot environment
- Soil structure

INTERPRETATION 
REFERENCES

• AUREA internal references since 
2008 (>7000 samples, by type of 
use - field crops, meadows, 
perennial crops, gardens)

•  COMIFER and internal references 
(160,000 analysis/year)

• references from research and 
technical institutes (ISARA, Arvalis) 
and internal references (>500 plots)
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Agro-Eco Sol offer

CONNAÎTRE

- The reservoir of chemical elements
- Physical and chemical 
characteristics of soil

- The soil's larder for organisms 
and crops in the short, medium 
and long term
- The C cycle (storage, recycling, 
transformation)

- Biodiversity
- The transformation of
elements in the soil (nutrient 
cycle)
- Decomposition of organic 
matter
- Structural stability
- Water infiltration
- System sustainability

(BIO)INDICATOR ANALYSIS

C AND N INDICATORS
• Labile/stable carbon and nitrogen

• Microbial resources

• Living carbon

• Biologically mineralizable nitrogen

• C and N particle size fractionation
• Oxidizable carbon with KMnO4
• Microbial carbon (fumigation / extraction)
• Nitrogen mineralized by anaerobic incubation

• Molecular microbial biomass
• Relative abundance fungi/bacteria by 16S and 18S rDNA 

qPCR
• Bacterial and fungal ,diversity by 16S and 18S rDNA high-

throughput sequencing

• Carbon cycle (beta-Glucosidase, beta galactosidase), 
Nitrogen cycle (Arylamidase), Phosphorus cycle (Global 
Phosphatase), Sulfur cycle (Arylsulfatase)

• Soil fauna: morphological identification (density, biomass, 
specific diversity, functional diversity)

• Texture
• Organic carbon
• Total nitrogen

• Total limestone
• pH
• Nutrients (P2O5, Cu...)

PHYSICAL-CHEMICAL SOIL ANALYSIS

FIELD OBSERVATIONS
STRUCTURAL CONDITIONS

• Plot context
• Surface condition
• Soil profile
• Spade test (ISARA method)

- Plot environment
- Soil structure

INTERPRETATION 
REFERENCES

• AUREA internal references since 
2008 (>7000 samples, by type of 
use - field crops, meadows, 
perennial crops, gardens)

• Bacteria, fungi and enzymatic 
activities : RMQS data + INRAE 
experimentations >2000 samples 
Auréa is co-owner of the F/B ratio 
interpretation references

• Nematodes: ELISOL references 
(>7000 samples)

• Earthworms, carabid beetles, 
collembola: around 1,000 samples 
from research works

•  COMIFER and internal references 
(160,000 analysis/year)

• references from research and 
technical institutes (ISARA, Arvalis) 
and internal references (>500 plots)

MICROBIOLOGICAL BIOINDICATORS 
AND SOIL FAUNA
• Microbial abundance
• Fungi/bacteria ratio
• Bacterial and fungal diversity

• Enzymatic activity

• Abundance and diversity of earthworms, 
ground beetles, collembola and nematodes
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Agro-Eco Sol offer

Interpretation - Relative positioning
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Agro-Eco Sol offer

- Estimation of an expected value (and a vigilance
value) as a function of physico-chemistry and plot
location

- Predictive models for molecular microbial
biomass, F/B ratio and bacterial and fungal
diversity

- Assessment of the impact of agronomic
practices by comparing the measured value with
the expected value

Interpretation - Predictive models
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Agro-Eco Sol offer

Interpretation - Functional diagnosis
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Agro-Eco Sol offer

Interpretation - Functional diagnosis
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Agro-Eco Sol offer

Process score resulting from a 
comparison between a measured 
level (aggregation of indicators) 
and an expected level (based on 

pedoclimate and agronomic 
practices).

Interpretation - Functional diagnosis
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Agro-Eco Sol offer

Advice – Suggested agronomic practices

Proposal for prioritizing 
agronomic practices 
based on functional 

diagnosis
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Agro-Eco Sol offer

Advice – Suggested agronomic practices
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Agro-Eco Sol offer

Perspectives - Extension to other land uses and pedoclimatic contexts

Indicators

Measurement methods: a priori compatible with all uses, but check representativeness in media 
with a high coarse element load (analyses carried out on fraction < 2 mm).

Interpretation references : to be validated/constructed for ranges of variation and consolidated 
for links between indicators and soil functions.

Functional diagnostic and advice

Soil functions: what are the priorities and targeted levels for different uses?

Advice: what are the requirements for different uses?
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