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Ex. lever: intra and interspecific plant diversity

(Source: ORECA, 2019)
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Biological soil component

= lever for the adaptation of agricultural systems 
to climate change



ECOSYSTEM SERVICES

SOIL



BIODIVERSITY

Maintenance and regulation of 
ecosystem services



Soil ecologist
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Earthworms and enchytraeids
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 > 80% soil living 
biomass

 INDICATORS of 
anthropic activities

Earthworms and enchytraeids





Issues: Reduction of risks associated 
with the use of pesticides



Relevance of earthworm species used in risk assessment

Log ratio of LC50 (species n vs. E. fetida, 
a) All species of earthworms
b) Aporrectodea caliginosa

E. fetida A. caliginosa

vs

E. fetida All species

vs

a) b)



Prediction of earthworm abundances based on TFIs
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Figure 6. Poisson regressions (on the left, and
coefficients corresponding to the « TFI effect », above)
of the abundance of three earthworm species in
function of TFI total (insecticide + herbicide + fungicide).



Contamination of agricultural landscapes by pesticides 



Enchytraeids, these poorly known bioindicators



Key actors
in soils

=
LEVERS

UMR EMMAH (Modelling Agricultural and hydrological systems 
in the mediterranean environment)
Avignon, 2019
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Soil Structure
Regulation of water flows

Biogeochemical cycles (N, C, P)



Soil Structure
Regulation of water flows

Biogeochemical cycles (N, C, P)

Issues: Adaptation of systems to 
climate change

UMR EMMAH, 2019



↓ precipitations

↑ drought periods
Annual number of consecutive days 
of drought (< 1 mm/d)

↑ extreme events
Number of days of precipitation > 40 mm

Risks: floods, erosion

Source: MedECC (2020)

Mediterranean zone

↑ temperatures



Enchytraeids

Earthworms



Enchytraeids

Earthworms Differences in sensitivity
to different

environmental factors



Differences in sensitivity
to different

environmental factors

Different impacts on soil
structure

Enchytraeids

Earthworms



Retention and drainage 
of water and particles

H1 : practices and climatic variables 
modify population dynamics and 
interactions => bioturbation

H2 : presence of both taxa promote
water retention and drainage



?

Differences in sensitivity to different environmental factors

C. Serbource
PhD student

Meta analysis



Same study, same experimental conditions
Same factor tested on both organisms
Same data measured e.g., mortality, reproduction 
At the species level
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Same study, same experimental conditions
Same factor tested on both organisms
Same data measured e.g., mortality, reproduction 
At the species level

?

Earthworms
more sensitive

Enchytraeids
more sensitive

Differences in sensitivity to different environmental factors

C. Serbource
PhD student

=

Mainly on chemicals (95%), almost nothing on 
climatic parameters
Enchytraeids more resistant to extreme
conditions e.g., drought (Maraldo & Holmstrup, 
2009)

Meta analysis



Modification of soil structure
Sensitivity of enchytraeids and earthworms to climatic factors



Different soils

1 
mm

500 
μm

800 μm

630 
μm

Different grain size

Different bulk density
(compaction)



1 mm 800 μm 630 μm 500 μm

Enchytraeids/ earthworms / both without

D= 1,0 & D= 
1,2

1 mm 800 μm 630 μm 500 μm

D= 1,0 & D= 
1,2

A few weeks



X-ray tomo or microtomography



X-ray

1200 slices 
per micro-
cosmes

1 slice



Image processing

Reconstruction

Parameter calculation
• Total porosity
• Gallery length
• etc. 

Non-destructive quantification of cereal roots in soil using high-
resolution X-ray tomography R. Flavel et al. 2012
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rain rain



?

Spongy property?
Faster water infiltration?
Better water retention?



Water infiltration

Water retention

Permeability test 
(infiltration)



Soil enzyme activity

Dejections of (earthworms and 
enchytraeids)

VS
Bulk soil



Granulométri
e grossière

Granulométri
e fine



- Phosphatase (Phosphorous)
- Glucosidase & carboxylesterase (Carbon)
- Urease (Nitrogen)
- Deshydrogenase (living biomass)

Enzymology (biochemistry)



In the field: assessment of enchytraeid and earthworms populations 
under different agricultural practices (to promote them)

ORGANIC MATTER INPUTS



Innovative practices in vineyards

ACT on system functionality



Innovative practices in vineyards

Understand the processes Increase in nutrient
availabilty for plants

Modification in copper
(bio)availability

Water infiltration
OM degradation

ACT on system functionality



Hyp. Better biological functioning
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⇒Less vulnerable to climate change
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Hyp. Better biological functioning
⇒Improved soil functioning
⇒Less vulnerable to climate change

Innovative practices in vineyards

Increase in nutrient
availabilty for plants

Modification in copper
(bio)availability

Generalization
(uses, management, territories)

Water infiltration
OM degradation

ACT on system functionality

L. Petit-dit-Grezeriat
PhD student

Understand the processes



Revitalization of vineyard soils by earthworm inoculation and massive inputs of 
organic matter

Meta-analyse

Increase in earthworm
abundance and biomass after an 

earthworm inoculation 
initiative?

Field study

Survival and 
dispersion

Laboratory studies

Reproduction of the 
inoculated species

(different combination 
and OM inputs )



Erosion
(ploughing, slope, 
heavy rains, etc.)

Decrease in SOM 
content 

(no renewal, no 
inputs)

Contamination
(copper, organic

pesticides, microplastics)

Compaction 
(agricultural 

machinery, soil 
texture)

Loss of 
biodiversity



Species Abundance

A. nocturna 25

L. terrestris 20

A. chlorotica 40

A. caliginosa 35
TOTAL/point 120 individuals

Inoculations in November 2021 at 4 different places (fields)

T2  
Green compost

T1  
Fresh refined

material
(FRM)

T3  
Digestate/FR

M



Earthworm dejections at the soil surface

A few weeks after the inoculation

Aporrectodea nocturna 
(Anécique)

Allolobophora chlorotica
(Endogé)

Aporrectodea caliginosa 
(Endogé)



Rangs labourés Rangs enherbés
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Grassy inter rowPloughed inter row

Abundance of the inoculated species 4 months after their introduction 
(March 2022)
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BIOMASSE
Biomass of the inoculated species 1 year after their introduction 

(November 2022)
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Abundance of inoculated earthworms 1 year after the 
inoculation
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Fresh refined material : better for earthworm
establishment (moisture)

Good candidate





Field study

Survival and 
dispersion

Laboratory studies

Reproduction of the 
inoculated species

(different combination 
and OM inputs )

Survival satisfactory in the short term
(4 months)

Less after 1 year

Efficient species for reintroduction: 
Aporrectodea nocturna.

Low dispersion 1 year after

Reproduction : compost was the best food
compared to fresh refined material and no 
food

Species association better for the endogeic
species



Integration of biology/ecology in 
understanding and modeling the 

functioning of (hydro)systems

Society
Authorities
and public 

policies

LEVERS to reduce risks for agroecosystems and improve their 
resilience to climate change

Knowledge generation
Animation

Knowledge and technology transfer

12

Agroecological
transition
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