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Aims :  

 

Ç Understand the effect of reduced tillage systems on soil biodiversity, soil 

functioning and ecosystem services  

Ç Sustainibility (social, economical, environnemental) of reduced tillage 

systems 

Ç Dissemination 
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WP3 : Soil functions  
- Soil structure  maintenance 
- Water regulation and filtering 
- OM and nutrient cycling 
- Pest regulation 

WP4 : Ecosystem services  
-Food production 
-GHG mitigation 

WP7 : Dissemination 

WP5 : Sociology and economy 
- Sociology 
- Farm economics 

WP6 : Modelling  
 
- Indicator development 
- Environmental impact evaluation (LCA) 
- System sustainability evaluation 

WP2 : Soil biodiversity 
- Earthworms 
- Nematodes 
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SUSTAIN Work plan (7 WPs) 

Agricultural practices (tillage, reduced tillage, no tillage) 
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Lelystad 

Ç SUSTAIN is conducted in France and the Netherlands 

 

 

 
 

 

 

 

 

 

 

 

 

   

SUSTAIN collaborative approach 

Ç  SUSTAIN analyses new data & existing datasets 

ì  allows for a boarder perspective, reflecting different time scales.  

Farm netwok 

(Hoeksche Waard) 

Ç  SUSTAIN collaborates with ECOSOM 

Kerguéhennec 
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2011-S2 2012-S1 2012-S2 2013-S1 2013-S2 2014-S1 2014-S2 

WP1 X X X X X X X 

WP2 
Biodiversity 

X X X 

WP3 
Function 
(physical) 

X X X 

WP4 
Ecosystem 

services 

X X X 

WP5 
Socio-economy 

X X X 

WP6 
Modelling 

X X X 

WP7 
Dissemination 

X X X X X X X 

Achievement  

-> Investigation to farmers  

-> Integration of ES data (LTO) 

Field campaign (LTO) 

Farm network 



Kick-off meeting, 19-20 November 2013, Paris 

Field campaigns 2 field campaigns on French site (Kerguéhennec) 

- march 2012 and march 2013 

- in 2012 : french and dutch persons ; in 2013 : french persons + belgium (SAS-STRAT) 

Earthworm nematodes Hydraulic 

conductivity 

bulk 

density 

aggregate 

stability 

macroporosity 

analysis 

biological 

structure 

run-

off 

pesticide 

transfer 

FKA X X X X X 

FKB X X X X X X X 

FKT X X X X X X 

- Parameters studied  

       

Biodiversity ï soil functions (WP2 & WP3 ) - Achievement  2012-2013 

2013 
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Field campaign 9 field campaigns at Dutch site  

(5 dates at Lelystad; 4 dates at  Hoeksche Waard ) 

In march 2012 : dutch and french persons + belgium (SAS-STRAT)  

- Studied parameters 

 

Earthworm community, nematodes 

Hydraulic conductivity estimation, aggregate stability, soil water retention, Penetration 

resistance, Bulk density 

Soil organic carbon 

       

Biodiversity ï soil functions (WP2 & WP3 ) - Achievement  2012-2013 
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Site description, experimental design 

Flevopolder, the Netherlands - reclaimed land (1950ôs) 

Soil: Calcareous marine clay loam 

1 

4 

2 

3 

S.J. Crittenden, T. Eswaramurthy, R.G.M de Goede, L. Brussaard, M.M. Pulleman. Effect 

of tillage on earthworms over short- and medium-term in conventional and organic 

farming. Applied Soil Ecology, Special Issue Coimbra 2012 Soil Zoology (accepted) 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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Moulboard ploughing  (MP) 25-

30 cm in autumn + superficial 

cultivation 

Non-inversion tillage NIT 

Subsoiling at ca. 20 cm in 

autumn and superficial 

cultivation 

Minimum tillage MT 

Superficial cultivation, 

subsoiling only when deemed 

necessary. 

Reduced tillage 

Tillage treatments 

S.J. Crittenden, T. Eswaramurthy, R.G.M de Goede, L. Brussaard, M.M. Pulleman. Effect of tillage on earthworms over short- and 

medium-term in conventional and organic farming. Applied Soil Ecology, Special Issue Coimbra 2012 Soil Zoology (accepted) 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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You can add your results (example : (5-6 slides) 

Spr09 Spr11 Spr12 Fall09 Fall10 Fall11 Fall12 

A 

A 

A 

A 

A 

A 

B 

B 

C 
B 

B B 

Å L. rubellus not 

present at 5 of 

7 samplings in 

MP 

Å Sig. higher in 

RT  at 4 

samplings 

Å Benefit from 

more crop 

residue left of 

soil surface 

S.J. Crittenden, T. Eswaramurthy, R.G.M de Goede, L. Brussaard, M.M. Pulleman. Effect of tillage on earthworms over short- and 

medium-term in conventional and organic farming. Applied Soil Ecology, Special Issue Coimbra 2012 Soil Zoology (accepted) 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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Spr09 Spr11 Spr12 Fall09 Fall10 Fall11 Fall12 

A A A 
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 B 

A 

B 

B 
AB 

B 

Å A. calignosa 

dominant (76% of 

all earthworms) 

Å Sig. lower in 

reduced tillage at 

6 of 7 samplings 

Å Incorporated 

manure benefits 

endogeics 

 

S.J. Crittenden, T. Eswaramurthy, R.G.M de Goede, L. Brussaard, M.M. Pulleman. Effect of tillage on earthworms over short- and 

medium-term in conventional and organic farming. Applied Soil Ecology, Special Issue Coimbra 2012 Soil Zoology (accepted) 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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On-farm tillage trial: Hoeksche Waard 

Å Similar rotation to Lelystad (including potatoes + sugar beet) 

Å On private conventional farms (but use animal manures) 

Å Reduced tillage increased L. rubellus + A. rosea 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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Soil physical properties 

Å Soil water retention 

Å Infiltration 

Å Soil organic carbon 

Å Aggregate stability 

Å Penetration resistance 

Å Bulk density 

Earthworm species abundances 

Å Eiseniella tetraedra 

Å Lumbricus castaneus 

Å Lumbricus rubellus 

Å Lumbricus terrestris 

Å Aporrectodea caliginosa 

Å Allolobophora chlorotica 

Å Aporrectodea rosea 

Question: Based on our EW data, what relations should we expect ? 

Linking diversity to function 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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R2 = 0.31 

P < 0.01 

R2 = 0.13 

P < 0.01 

ñMost research has centered on the 

effects of anecic earthworm species on 

infiltration and on L. terrestris in 

particular.ò 
(Shipitalo et al., 2004. C. Edwards (Ed.), Earthworm Ecology) 

L. terrestris 

Linking diversity to function: an example 

Biodiversity ï soil functions (WP2 & WP3 ) ï Results Dutch site 
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yield ploughing 
(ton/ha) NIT 

2009 

seed potato Org B 39.6 101% 
carrot 71.93 79% 

spring wheat Org A 5.14 108% 
  sugar beet Conv B 93.7 100% 

  spring barley Conv A 9.2 99% 

2010 

grass clover Org B 12 108% 
faba bean/ spring 

wheat 4.51 83% 
carrot Org A 82.23 84% 

winter wheat Conv B 11.4 105% 

2011 

cabbage Org B 85.6 95% 
potato Conv A 33.3 95% 

faba bean/ spring 
wheat Org A 4.53 110% 
onion Conv A 88.2 91% 

seed potato 34.4 95% 

2012 

spring wheat Org B 5.57 106% 

grass clover 11.22 139% 
potato Org A 20.16 100% 

seed potato Conv B 37.6 94% 

sugar beet Conv A 91.1 103% 

Relation with Ecosystem service (WP4 ) ï french site - organic 
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Start of the trial : 2003 

Fertilisation (pig slurry or cow manure) 

 

Brest

Quim per

Lorient

Vannes

Rennes

St Brieuc

Trévarez
Guernévez Crécom

Kerlavic

Kerguéhennec

Mauron

St Aubin 

du Cormier

Porc - EquipementLait

Systèmes de production

 et qualité de l'eau

Vaches allaitantes

Porcs

Lait (*)

Agronomie et 

productions végétales

Viande bovine

Viande ovine

Agromachinisme

Location 

100 km from Rennes 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site 
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Conventional tillage,  ploughing 

Moulboard ploughing  25 cm  and 

circular spike 

Superficial tillage 8 

Harrowing at 8 cm, 

chisel since 2006 

Superficial tillage 15 

 Harrowing at 15 cm, 

chisel since 2006 

Agronomic ploughing 

Moulboard ploughing  15 cm  and 

circular spike 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site 

Site description ï Organic trial 

Bloc II  

Chisel 15 cm 
Chisel 8 cm 

Conventional 

ploughing 

Agronomic  

ploughing 

Bloc I  

Bande enherbée 

Bande enherbée 

Bande enherbée 

Bloc III  

Bande enherbée 

105 m 

25 m 

15 m 

12 m 

Conventional 

ploughing 

Conventional 

ploughing 

Agronomic  

ploughing 

Agronomic  

ploughing 

Chisel 15 cm 

Chisel 15 cm 

Chisel 8 cm 

Chisel 8 cm 

4 plots (12 m X 25 m) X 3 blocs -> 12 plots in total 
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Abondance (ind/m²) Biomasse (g/m²)

Abundance, Biomass of earthworm (2013, after 7 years) 

Abundance  

Å  no significant effect of reduced tillage (last ploughing 1 year ½ Ą earthworm abundance can recover ) 

Å  low depth of ploughing is favourable to abundance, but superficial tillage is depressive 

87,7 

66,1 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - organic 

Biomass 

Å no significant effect of reduced tillage 

Å bad  effect of conventional ploughing  (tendance) 
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Å Epigeic : absent (Cluzeau et al., 2012) 

Å Endogeic : dominant (Cluzeau et al., 2012) 

      positive impact of ploughing (LA, 15cm, p<0.01)  

Earthworm  ecological group (in 2013) 
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Epigés

Anéciques

Endogés

Reduced tillage 8 cm Reduced tillage 15 cm 
(C15) 

Agronomical  
Ploughing (LA)  

Conventional  
ploughing  (CP) 

epigeic 

anecic    
endogeic 

A. caliginosa A. chlorotica 

Å Anecic:  positive impact of reduced 

tillage systems, C8 (p=0.012) (Chan, 2001) 

N. giardi 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - 
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Earthworm community 

earthworm abundance  

endogeic abundance  

Reduced tillage systmes 

No impact 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - organic 
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Earthworm community 

earthworm abundance  

endogeic abundance  

earthworm biomass  

anecic abundance 

Reduced tillage systmes 

No impact Positive impact 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - organic 
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Å negative impact of conventional tillage on C (p<0.05), N and P (tendance)  (0-15 cm) 

Å strongly related to OM 

V positive impact  of reduced tillage, but limited to 0-5 cm 

 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - organic 

Chemical analysis (2013, after 7 years) 
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Å negative impact of conventional tillage on C (p<0.05), N and P (tendance)  (0-15 cm) 

Å strongly related to OM 

V positive impact  of reduced tillage, but limited to 0-5 cm 

V high stratification of OM depending on practices 

Å decrease from top to sub-soil for reduced tillage system (reduced tillage systems) 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - organic 

Chemical analysis (2013, after 7 years) 

Å homogeneity under ploughing system, folllowing the ploughing depth 
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 L. rubellus positively correlated with hydraulic conductivity at soil surface and 5 cm depth Ą  epi-anecic species 

creates vertical and opend burrows at soil surface 
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Variables (axes F1 et F2 : 57,56 %) 

Conductivity (soil surface) 

Conductivity (15 cm depth) 

Conductivity (5 cm depth) 

Linking diversity to function 

Biodiversity ï soil functions (WP2 & WP3 ) ï french site - organic 

Endogeic species negatively correlated with hydraulic conductivity Ą  endogeic (Francis et al, 2001) 
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Relation with Ecosystem service (WP4 ) ï french site - organic 

 

Å  Weeds : increase of weed pressure under reduced tillage system Ą  ploughing limits the risk of 

weeds (Mamarot, 2004) 

Weeds and Yield 

v v 

Weeds 

Yield 

Å Yield : decrease under reduced tillage systems Ą presence of weeds increase the comptetion for 

wtaer and nutrients resource (Armal, 2010) 
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chemical Agronomical  

Physical 

Superficial tillage (8cm) 

Superficial tillage (15 cm) 

Agronomical ploughing (15 cm) 

Conventional ploughing (25 cm) 

Synthesis 
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Methods 

Ç Sampling  

List of farmers (60 farmers) obtained thanks to 4 local field advisors (departemental 

agricultural chambers), all over Brittany 

« physiographic entities » map (INRA-Sols 

de Bretagne): pedoclimatic conditions 
General Agricultural Inventory (2010) 

4 main farming systems: 

-Cattle (dairy or meat production) 

- Off-land livestock (pigs, poultry) 

- Mixed farming system 

- Crop farm 
Selection of the 

targetted farms  

Ą 29 farms 

Economical- social  aspect (WP5) - France - Brittany ï Methods 
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Å 2 populations interviewed: 

ÅFarmers using reduced tillage techniques for more than 5 years, in 

order to trace the process they went through. 

ÅFarmers recently converted (less than 5 years) to reduced tillage 

practices 

Economical- social  aspect (WP5) - France - Brittany ï Methods 

Methods 

Ç Sampling  

Å General overview of the farm 

ÅName, type of structure, productions, history 

Å Tillage practices 

ÅSoil types on the farm, crop rotations 

ÅMachinery (description and associated costs) 

ÅCropping patterns, practices  

ÅCrop management (soil physical properties, fertilisation, pests and 

diseases management) 

Å Environmental impacts 

Fuel consumption, pesticide use, fertilization, soil cover 

Á Economic results 

Yields, prices, detailed costs 

Á Sociology 

Motivations, difficulties, social interactions, learning dynamics, quality of life 

Ecosystemic services 

Ç Questionnaire 
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Modelling (WP6) ï data base 

Conceptual model  

of the database 

General metadata 

Ponctual data 

Data 
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-  Student exchanges, student collaboration 

 Ą Scientific reports -> 12 reports from students : Master report, MSc thesis, Intership report 

Dissemination  (WP7) ï Tasks 2012 & 2013 

Meetings 

collaborations 

- Annual mettings  

- 2 common meetings with ECOSOM (Paimpont 2012, Wageningen 2013) 

- next SUSTAIN meeting will be in december (3-4 december, Paimpont) 

- Progress meetings (Ą 8) 

- field campaign management,student training, result discussion 

- final stakeholders meeting (Ingrid van Reijsen (SKB) + Agathe Revallier (Veolia-ECOSOM)  

- SNOWMAN meetings (Ą 2) 


