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Extended abstract
1- Introduction

Conservation agriculture is considered by many researchers as a sustainable agriculture strategy. In this type of
agriculture, continuous minimum mechanical soil disturbance (no tillage or reduced tillage), permanent organic
soil cover (residues or cover crops) and diversification of crop species grown in sequences and/or associations
are important components. This 11-year long-term (longitudinal) study was conducted to investigate and
quantify individual and combined effects of conservation agriculture measurements (namely, plant rotation,
crop residue retention, and conservation tillage) on soil volumetric water content (VWC) and soil bulk density
(BD) of two sandy loam soils in a temperate region, Denmark. The possible effects of different sampling
seasons (autumn and spring) on the study results are also investigated. It was hypothesized that there would be
a positive effect of residue retention and diverse rotation on especially the no-tillage treatment.

2- Methodology

In a randomized complete block experimental design with four replications, an 11-year experiment was
conducted in two research areas of Denmark. Three crop rotations/residue management treatments were
compared. Tillage was included as a split plot factor. The rotation R2 is a rotation of winter crops (mainly
cereals) with the retention of plant residues, the rotation R3 is a mixture of winter and spring plants (mainly
cereals) with the removal of residues, and the rotation R4 is the same mixture of plants similar to R3 with the
retention of residues. Each rotation includes traditional plowing treatments to a depth of 20 cm (MP),
harrowing to a depth of 8-10 cm (H) and direct drilling (D). In mid-autumn of 2013, and early spring of 2014,
soil samples were taken by cylinder from the depths of 4-8 and 12-16 cm (in 2014 only 4-8 cm depth were
sampled). The amount of VWC, in matric potentials from 0 to 100 kilopascals, as well as the apparent soil bulk
density were measured. Also, the possible effects of different sampling seasons (autumn and spring) on the
study results are investigated.

3- Results

Tillage system and residue management, significantly affected soil properties studied. Direct drilling
significantly increased bulk density at both depths (1.31 and 1.38 gr.cm?). The amount of VWC of the soil was
also significantly different in tillage and plant residue treatments. At the depth of 4-8 cm, minimum tillage
treatments (D and H) retained more moisture compared to MP (38.6-23% vs 35.8-22%). This trend was
different in the depth of 12-16 cm and MP treatment showed the highest VWC in all suctions. The treatment of
plant residue retention (R4) also caused the lowest amount of BD, especially at the depth of 12-16 cm. This
treatment also significantly increased the VWC of the soil in macroporosity at both depths. The interaction
effect of tillage and residue management showed a trend of lower BD where D and MP were combined with
residue retention (R4) compared to their combination with residue removal (R3). The positive effect of
retaining plant residues on increasing the water holding capacity in soil in a range of moistures that are
available for plants was shown only in the spring sampling (2014) in both investigated areas. In the autumn
sampling (2013), this effect was observed only at Foulum area and in low suctions (macroporosity).
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4- Discussion & Conclusions

The above observations seem reasonable considering the depth of soil that is disturbed in different tillage
systems of this study. In the H treatment, which creates the lowest bulk density at Foulum area, at a depth of 4-
8 cm and has a lower bulk density, plowing (without turning) is done with a disk to a depth of 8-10 cm. It is
obvious that the depth of 4-8 cm is located in this depth range and the reduction of bulk density is expected. In
treatment D, where minimum soil disturbance occurs at this depth, higher bulk density is expected. In the lower
soil depth, i.e. 12-16 cm, MP has resulted in the lowest soil bulk density compared to the two minimum tillage
systems, D and H. The cause may be attributed to the plowing and soil inversion at a depth of 20 cm in this
treatment. These observations are consistent with the results of several other studies (Ball et al., 1994; Bescansa
et al., 2006; Hill et al., 1985; Schjgnning & Rasmussen, 2000). In this regard, Tollner et al. (1984) studied the
effect of no tillage and plowing with a mouldboard on the soil bulk density and reported that at a depth of 15 to
25 cm, bulk density in the no tillage system was higher than that of the mouldboard plowing, while at a depth
of 30 to 40 cm, bulk density of the soil was higher in the mouldboard plowing system than no tillage system.
The positive effect of plant residues on reducing the soil bulk density after 11 years of implementing the
treatments corresponds with the results presented by Blanco-Canqui and Lal (2007) and Lal (2000). They
reported a significant increase in soil porosity after 10 years of application of 8 and 16 tons/ha per year of wheat
and rice residues to topsoil. However, at zero kPa suction (saturation) and 1 kPa suction, the R4 treatment
shows an increasing trend in the amount of water retention in the soil at both investigated depths. This means
that plant residue management has increased the amount of moisture that can be stored in macropores. The
results of this study are consistent with the results obtained previously from the same long-term test, especially
at lower suctions (Abdollahi et al., 2014). Maintaining soil moisture in low suctions (macroporosity) in spring
sampling (2014) at both sites and in autumn 2013 at Foulum is not very effective in terms of meeting plant
needs. However, it is a desirable feature from the point of view of reducing the amount of runoff production
and water erosion.
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