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Abstract

In a recently started long-term field trial (2002-2011), located in Frick (1000 mm mean annual precipitation) near Basle (Switzerland), the effect of reduced tillage on crop yield, weed infestation, and occurrence of toxigenic fusaria was studied on a heavy soil (45% clay) in a crop rotation under organic farming conditions. Here, we present results of the first two experimental years (2003-2004), which are considered as the conversion period. Wheat yield was 16% higher (p < 0.001) in ploughed plots than in the plots with reduced tillage (chisel and rotary harrow). In the following year, sunflower yield was enhanced by 5% (p = 0.06) in reduced tilled plots. Reduced tilled plots manifested a higher weed infestation, in particular with Convolvulus arvensis and Stellaria media. With the exception of low levels of Fusarium poae, no toxigenic fusaria were detected in wheat grains possibly due to the exceptionally dry and hot summer 2003. The deoxynivalenol (DON) content was low in all treatments. While the DON content in wheat straw was increased after reduced tillage, it was decreased after application of biodynamic preparations (p < 0.05). Overall, we assume that even on heavy soils, reduced tillage systems may be applicable on organic farms, but with a considerably higher input of labour.
Introduction/Problem
Organic farming systems offer many benefits (Mäder et al., 2002). However, these systems generally use mouldboard ploughing. Reduced tillage systems provide new opportunities, but were developed under conventional farming regimes involving the use of chemicals (Pekrun & Claupein, 1998). Problems with weeds (Zwerger, 1996; Hampl, 1999), slugs (Jourdan et al., 1997) and a delay in soil nitrogen mineralisation in spring are difficult to solve under organic farming conditions. Furthermore, the occurrence of fusaria and the contamination of cereals with mycotoxins have frequently been associated with reduced tillage systems, especially in wheat following maize cultivation (e.g. Dill-Macky & Jones, 2000; Champeil et al., 2004). In the present study, we are investigating whether the use of newly developed machines, in combination with an optimised fertilisation strategy and the use of biodynamic preparations will improve the sustainability of reduced tillage systems, without relying on synthetic inputs.

Methodology
In autumn 2002, we established in Frick (Switzerland) a field experiment comprising the following factors, each performed at two levels: 

	Soil tillage
	Ploughing system (mouldboard plough followed by rotary harrow) versus reduced tillage system (chisel plough* followed by rotary harrow**). 

	Fertilisation
	Slurry alone versus manure compost and slurry (both systems at a level of 1.4 LU).

	Biodynamic preparations
	With versus without biodynamic (bd) compost and field preparations
(see http://www.sciencemag.org/cgi/content/full/296/5573/1694/DC1). 


*) WeCo-Dyn-System of the company EcoDyn, Schwanau, Germany. **) Rotary harrow of the company Rau, Weilheim, Germany. LU =  livestock units.
The three factors tillage, fertilisation and preparations were fully factorised. This resulted in eight treatments, each replicated four times. The 32 plots were arranged in a split-plot design. The plot size was 12 x 12 m, allowing the use of common-size farming equipment.

The clay soil at the experimental site contained in mean 2.2% organic carbon, 45% clay, and had a pH of 7.1 (n = 32). The mean annual precipitation was 1000 mm per year. Before the experiment started, the field site was uniformly planted with silage maize in 2002. In this paper, results of the first two experimental years, 2003-2004 are presented. Winter wheat (variety ‘Titlis’, 2002-2003), oat-clover intercrop (2003-2004) and sunflower (variety ‘Sanluca’ 2004) were cultivated. Wheat grains and straw were harvested and removed from the field. Undressed seeds were sawn. Weeds were controlled mechanically by a tractor-driven hoe in both main crops and also by hand in the sunflower crop.

Yields of the three crops were assessed in 8 x 8 m harvest plots. Weed infestation was assessed twice in the season. For this, the number of weed seedlings per capita was counted (sample area of 2 x 1 m2/plot) or the percentage coverage of the soil surface was estimated (sample area of 64 m2/plot). The incidence of Fusarium fungi in wheat grains was analysed using a seed health test on agar (Neergard, 1977): The number of seeds infected by Fusarium species (Fusarium graminearum, F. culmorum, F. poae, F. langsethiae, and F. avenaceum) as well as Microdochium nivale was counted. The content of the mycotoxin deoxynivalenol (DON) in harvested wheat grains and straw was measured by an ELISA (enzyme-linked immunosorbent assay) kit (RIDASCREEN®FAST DON, Art. No.: R5901, R-Biopharm AG, Darmstadt, Germany). 

Data were analysed by an analysis of variance (ANOVA). Significance levels were: * p < 0.05; ** p < 0.01; *** p < 0.001, and n.s. not significant.
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	Fig. 1: Crop yield depending on different tillage, fertilisation, and biodynamic preparation treatments. a) wheat grain yield 2003, b) yield of oat-clover fodder intercrop 2003, c) sunflower grain yield 2004.


Results and discussion
Yield:

In the first year, grain yield of winter wheat in the reduced tillage plots was 16% lower compared with the yield in ploughed plots (p < 0.001; Fig. 1). In contrast, the yield of the intercrop oat-clover was not lower in the reduced tillage plots, and the sunflower yield in reduced tillage plots across all fertilisation and preparation levels was 5% higher (p = 0.06) than that in ploughed plots. This result was unexpected, because the formation of stable pores, leading to higher inherent soil fertility, usually takes time. Sunflowers may also have taken up mineralised nitrogen in late summer in reduced tillage plots. After a very dry summer in 2003, soils of the reduced tillage plots were chiselled down to 20 cm and subsequently sawn with the oat-clover mixture. This led to a substantially improved soil structure in the reduced tillage plots compared to the ploughed plots in the sunflower crop as observed by a subsequent spade diagnosis. Application of slurry resulted in a 5% higher wheat grain yield (p < 0.001) in comparison with manure compost, but did not affect sunflower yield. The biodynamic preparations had no effects on yield.

Weed infestation:
Weed infestation was relatively low in the first experimental year, but was higher in the second year. Total soil cover by weeds was 13% in the reduced tillage plots and 9% in the ploughed wheat plots across all fertilisation and preparation levels at flowering stage in 2003. Initially, Convolvulus arvensis was occurring in the trial; the level of infestation by this weed was low, but it is difficult to control in organic production systems. Stellaria media occurrence is the most differentiating weed towards soil tillage at this site. In spring 2004, 144 and two S. media seedlings m-2 were counted in reduced tillage and ploughed sunflower plots, respectively. C. arvensis was also more abundant in reduced tillage plots (4.5 compared with 2.4 seedlings m-2 in ploughed plots). When the sunflower plant height reached around 1 metre, soil cover rates were found to be higher in reduced tillage plots compared with ploughed plots (S. media 28.6% vs. 1.2%, C. arvensis 6.9 vs. 4.1%). The soil cover within the rows by all weeds present was 47% in reduced tillage plots and 20% in ploughed plots. Hand-weeding time for control of C. arvensis and Cirsium arvense in sunflowers was 27 hours 42 min ha-1 in reduced tillage plots and 15 hours 10 min ha-1 in ploughed plots. While sunflower yield was even slightly higher in reduced tillage plots, there is a great risk that these weeds might impede the crop’s growth in the coming years. Due to extreme wetness after sunflower harvest, it was not possible to perform efficient weed control.
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Fig. 2: Fusarium toxin DON (deoxynivalenol) content in wheat depending on different tillage, fertilisation, and biodynamic preparation treatments (2003). Overall DON levels were low. a) DON in wheat grains, b) DON in wheat straw.

Occurrence of fusaria and mycotoxins:
Although wheat was cultivated after silage maize, overall Fusarium infestation level was very low across all treatments investigated (data not shown), possibly due to the dry and hot summer in 2003. However, across all levels of fertilisation and application of biodynamic preparations, F. poae was detected in 1.2% of the wheat grain samples from both the ploughed plots and plots with reduced tillage. As expected from the very low infestation by F. graminearum, very little DON was measured from the wheat grains of all experimental treatments (all values below the calibration curve at 0.222 ppm) (Fig. 2). Despite the low overall amount, grains from ploughed plots contained on average significantly (p < 0.05) less DON compared with samples from reduced tillage plots. This result is in line with other studies (Teich & Hamilton, 1985; Dill-Macky & Jones, 2000) where remaining maize residues on the soil surface were associated with greater contamination by DON. For the straw samples, overall DON contents were considerably higher (range of 0.2-0.9 ppm) but still well below 1 ppm (Fig. 2). This is not surprising as higher amounts of DON in straw compared with those of grains are a common observation (Hecker et al., 2004). Straw samples from plots receiving biodynamic preparations contained on average significantly (p < 0.05) less DON compared with samples from plots where no preparations were applied. In general though, these data need to be interpreted with caution as DON values from all grain samples and from individual straw samples were below the calibration curve, rendering them not entirely appropriate for statistical analysis.

Conclusions

In the conversion period from a ploughed to a reduced tillage system under organic farming conditions, yields decreased in the first year, but recovered in the second year. This can be interpreted as an adaptation of the soil processes to lower levels of mechanical disturbance. Although our results are based on two seasons only, we believe that reduced tillage might be applicable even on very heavy soils in organic farming, but with a considerably higher input of hand weeding compared with ploughing systems. However, in order to minimise the risk of infection by Fusarium graminearum and mycotoxin contamination, wheat after maize should be avoided and wheat varieties with a low susceptibility to Fusarium head blight should be chosen. 
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