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Abstract

Organic farmers are encouraged to adopt conservation tillage to preserve soil quality and fertility and prevent erosion. In the framework of a national study, we compared conservation (no tillage NT and reduced tillage RT) and conventional (mouldboard ploughing MP and shallow mouldboard ploughing SMP) tillage systems in 3 field experiments and 2 on-farm surveys. We measured the impacts of soil tillage on: (1) soil compaction: more compacted soil under NT and RT, (2) earthworm populations: more earthworms under NT, (3) weed infestation: weed level tends to be higher under NT, but it is not a general trend, and (4) crops: crop yields are lower under NT according to weed infestation. Then, independent of soil type and experimental year (2 to 5 years), it seems that soil physical fertility decreases under NT and RT. But, the first reason of a decline of crop yield under NT is the weed infestation. 

Introduction

Conservation tillage leaves organic mulch at the soil surface, which reduces runoff, increases the soil organic matter content and improves aggregate stability which limits soil erosion (Franzluebbers 2002). These benefits can improve soil fertility and environmental impact of organic crop production. However, Koepke (2003) reported that organic farmers generally use conventional tillage systems with a mouldboard plough, and occasionally till to a greater depth than in conventional agriculture. In the framework of a French national study, we compared conventional (ploughing) and conservation tillage systems in organic farming for arable and vegetable systems. Fields experiments and on-farm surveys were conducted in several regions of France in order to assess the effects of different tillage systems on soil fertility (physical, chemical, biological) and on weed and crop developments. This paper compares the effects of 4 tillage systems on soil physical and biological fertility and on weed and crop developments in arable systems. 

Materials and methods

Three fields’ experiments associated with 2 on-farm surveys have been carried out in 3 regions of France: Rhône Alpes (A), Pays de la Loire (B) and Bretagne (C). On each experimental field (table 1), 4 tillage systems were compared on a completely randomised block design with 3 replicates: 1) mouldboard ploughing (MP) (30 cm depth), 2) shallow mouldboard ploughing (SMP) (20 cm depth for A and B, 15 cm for C), 3) reduced tillage (RT) with tine tool (15 cm depth for A and B, 12 cm for C) and 4) no tillage (NT). For A and C, NT was managed under a cover crop during the first year of experimentation. Otherwise, mechanical weed control is carried out on each plot. 
Table 1: Description of the 3 sites

	Area
	Organic farming conversion
	Start of the essay
	Soil type
	Crop rotation

	A
	1999
	2004
	Sandy loam (fluvisol)
	Alfalfa (3 years) – Maize – Soybean  – Winter wheat (2007) – Soybean - Maize

	B
	2000
	2005
	Silty (cambisol)
	Maize – Field bean – Winter wheat  – Lupin crop (2007)

	C
	1996
	2003
	Silty
	Maize – Triticale – Winter wheat – Winter pea - Triticale (2007)


The on-farm survey in Rhône-Alpes was composed by 7 farmer-fields where 2 tillage systems were compared: (1) MP, traditional tillage system of the farmer, and (2) RT or SMP (1 farmer). The 7 fields are representatives of the arable systems and soil-climate diversity in Rhône Alpes. Mechanical weed control (harrowing/hoeing) is carried out on each plot. On-farm survey in Site B is not presented. 

We used a morphological description of the soil structure. It allowed us to integrate and explain temporal and spatial variation of the soil structure at the field scale. We characterised the spatial arrangement of the peds and clods as well as pore space on a pit (3 m in length, 1 m deep) according to Roger-Estrade et al. (2004). This method quantifies distinct structural zones in the soil profile: % of zones with loose structure noted  clods and % of compacted zones, noted  clods. Moreover, bulk density was measured from soil cores of 5 cm diameter (5 replicates / soil layers). 

We measured the earthworm abundance (number / m2) and species diversity (grouped in ecological category) with the formaldehyde method (Bouché et al. 1984). Each sample was taken plumb of the pit used for soil structure description in order to connect soil structure with earthworm characteristics.

Weed diversity and density were measured on 0.25 m2 areas (4 replicates / plots / blocks in experimental fields, 8 replicates/ tillage management in farmer field). Crop components and yields were measured on the same 0.25 m2 areas than weeds. Determination of weed biomass was done at the flowering stage on an adjacent area.
Results

Soil structure: For each experimental field MP and SMP develop a more porous structure than under RT and NT soil profiles: the proportion of ( clods (porous) is higher under MP (table 2). These results are confirmed in farmer fields (table 2): after 2 years of treatments differentiation the proportion of ( clods is higher under MP than under RT systems (6/7 cases). No differences are observed between MP and SMP excepting for the 20-30 cm layer where MP exhibited a more porous structure. Thus, independent of the soil type (clay and silty loam), RT and NT tend to degrade soil structure compared to MP. Modification of soil structure is confirmed by measurements of soil bulk density (figure 1). After 5 years of differentiation, bulk density of soils under MP and SMP are significantly lower at 15 cm depth than under RT and NT (site C). However, after 2 years of reduced tillage in farm fields or field experiments, no statistical difference was found (data not shown).
Table 2: Comparison of observed spatial arrangement and porosity of clods of soil structure created by MP, SMP, RT and NT in area A, B and C and On-farm survey 2007 (2 years)
	Area
	Comparison (% ( clod)

	Experimental fields

	A (3 years)
	0-20 cm : MP>SMP=RT=NT
	20-30* cm :MP>SMP>RT=NT

	B (2 years)
	0-20 cm: MP>SMP=RT=NT
	20-30*  cm: MP>SMP=NT>RT

	C (5 years)
	0-15 cm : MP>SMP=RT=NT
	15-30* cm :MP=SMP>RT=NT

	Farmer fields (2 years)

	Silty loam
	MP>RT (3/4) - MP=SMP (1/4) 

	Clay
	MP>RT (3/3)
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Figure 1: Comparison of bulk densities of MP, SMP, RT and NT for  0-5 cm, 5-10 cm, 10-15 cm, 15-20 cm soil layers - Site C - 2007 (5 years)

Abundance and diversity of earthworms: In area A, B and C, more earthworms were found under NT than MP, SMP and RT (significant difference with Kruskal-Wallis test). NT presents higher epigeic (in crop residues or cover crop at the soil surface) and anecic species (vertical channels). No data are available for on-farm survey. 
Weeds and yields: Soybean (site A) and winter pea (site C) yields were lower for NT compared to the other treatments. Weed level was significantly higher under NT (figure 2a and b). The same trend was observed in the on-farm survey (figure 3a and b). Independent of soil type and crop, when NT or RT systems exhibited a high weed development, crop yields tend to decrease significantly compared to MP and SMP.
Discussion and conclusion

A better soil structure is obtained under MP than SMP, RT and above all NT. Soil structure degradation under NT during the first years of transition have been reported by Munkholm et al. (2001). In silty and sandy soils, soils with low shrinking- welling effect, quality of soil structure can decrease in conservation tillage with time. However, in clay soils, we could expect similar soil structure between RT and MP. Nevertheless, we observed a deterioration of soil structure under RT compared to MP as no freezing day occurred during winter 06-07. Moreover, in each field experiments, we found more earthworms under NT compared to SMP and MP. Even if higher earthworms are found under NT, no more earthworm channels are found in depth. At short term, earthworms are not able to improve soil structure in conservation tillage in organic farming.
Whereas soil compaction is higher under NT, weed level plays the main role considering fall of crop yields under NT. Indeed, when weed infestation is controlled under NT and RT, no difference in crop yields is found. According to Kouwenhoven et al. (2002), RT is difficult in organic farming regarding weed infestation. Our first results do not confirm this hypothesis: if weeds are well mechanically managed, no decline of yield is observed under NT and RT compared to MP despite of the degradation of soil structure. 
Figure 2a: NT, RT, SMP and MP weed biomass (t/ha) at flowering or harvesting, field experiments Site A – B - C (2005/06 2006/07) 
Figure 2b: NT, RT, SMP and MP crop yields (t/ha), field experiments Site A – B - C (2005/06 2006/07)
Figure 3a: RT and MP weed biomass (t/ha) at flowering or harvesting, farmers’ fields (2006/07)
Figure 3b: RT and MP crop yields (t/ha), farmer’s fields (2006/07)
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