The effect of earthworms and mechanical soil mixing on soil organic carbon
in two contrasting substrates and litter quality during long term laboratory experiment
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Introduction
Soil organic matter plays a variety of important roles in terrestrial ecosystems, in particular maintaining fertility, promoting favourable structure and porosity of soil and storing carbon. Principal source of soil organic carbon is plant biomass. Plant biomass decomposition is an important biological process driven by a range of complex and interacting physical factors, such as climate, substrate, physical and chemical properties of soils, and soil organisms. Microorganisms carried out the processes of carbon and nitrogen mineralization and are affected directly and indirectly by invertebrates over a wide range of spatial and temporal scales. Mechanisms of soil macrofauna contribution to plant biomass decomposition include digestion of substrates, increase of surface area through fragmentation, and acceleration of microbial inoculation to materials.
In long term (over 2 years) laboratory experiment we studied C loss from the laboratory microcosms where litter was either placed on the soil surface or mechanically grounded and mixed into the soil or added to the surface and mixed into the soil by earthworms (Lumbricus rubellus). Two substrates and litter combinations common in post mining soil near Sokolov were used alder (Alnus glutinosa) litter and clay substrate and willow (Salix caprea) litter and sandy substrate.
Our overall objective was to clarify the mechanisms of earthworm effects on the soil carbon and the fate of different fractions of carbon in soil in the presence or absence of earthworms in long term laboratory experiment.

Methods
To measure respiration all microcosms were supplied by 1N NaOH in small beaker covered by mesh that prevent fauna penetration into the beaker and hermetically closed. Carbon dioxide produced by the box was trapped in NaOH and after one day of incubation established by titration by HCl with BaCl2 addition. C and N content was established in subset of fine grounded sample using CN analysator (NC 2100 Soil Analyzer, Thermo-Quest Italia S.p.A.). Individual fractions of organic matter (active, passive and slow pool) were separated in mineral layer of each microcosm according to Zimmermann et al. (2006). Carbon content in individual fractions was established using CN analysator as described above. Microbial biomass was quantified by the chloroform fumigation-extraction method (Jenkinson and Powlson, 1976). Ergosterol was extracted and determined as described in Snajdr et al. (2008b) using a Waters Alliance HPLC system (Waters, USA) with methanol as a mobile phase at a flow rate of 1 ml/min. and UV detection at 282 nm.
All computations were done by Statistica 10.0

Results
During first 20 weeks of the experiment earthworm treatments show significantly the highest respiration followed by litter on the surface and mixed litter. In intermediate stages of the experiment there were no significant differences between treatments. In 80-126 week of the experiment mechanically mixed soils show significantly higher respiration then other treatments (Fig 1.). Carbon budget in both layers after 126 weeks shows the highest C stock in surface applied litter. In mineral soil the largest difference were in active soil C pool which was significantly lower in surface applied litter than in both other treatments.

Comparison of microbial biomass and ergosterol content suggests that treatment with surface applied litter was dominated by soil fungi while bacteria seem to be more important in other treatments (Fig 2.).
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Conclusion
Treatments with mechanical mixing which mimic tillage or other cultivation show lower carbon storage than both application of litter on soil surface or mixing of litter by earthworms. On the contrary earthworm treatments give evidence of incorporation of organic matter in soil aggregates, as well as physical bounding of soil organic matter resulting from coating by clay minerals. Leaving litter on soil surface show higher potential for soil carbon storage in sandy soils supplied by litter with high C:N ratio, while earthworm mixing support higher carbon storage in clay substrate supplied by litter with low C:N ratio.
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Fig 1. Changes in the soil respiration for various methods of litter addition during 126 weeks of cultivation for alder litter on clay substrate (a) and willow litter on sandy substrate (b).


Arrow indicated litter additions, roman numbers marked individual period of litter additions.








Fig 2. Average microbial biomass (a) and ergosterol content (b) at the end of the experiment for alder litter on clay substrate and willow litter on sandy substrate in surface layer that represent thickness of litter layer. Bars represent SD, statistically homogeneous groups of treatments inside one litter type are marked by the same letter (ANOVA, LSD post hoc test. p<0.05).











