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Abstract: Observations on spoil heaps of brown coal minggjan Sokolov (Czech Republic) showed, that
progress in plant succession is highly affectecclgnges in soil profile. Important is mainly formoat of
humus layer formed by earthworms’ activity.

We have further test effect of earthwormg@rrectodea caliginosd.umbricus rubelluson late successional
species in two field and two laboratory manipulatexperiments. Generally we observed higher prodtyct

of plants in presence of earthworms in laboratorgeeiments. It was caused mostly by higher nutrient
availability. In field experiments the responsengfividual species was more variable.

In revegetation of heavily disturbed areas maitlptic condition are considered. We have shown ibiatic
conditions could be also very important, especiallyen more natural approaches like spontaneous or
directed succession are used.
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Introduction

Surface brown coal mining cause large destructfolar@scape. Total area which will
be affected by mining in Sokolov region (NW of fieech Republic) is estimated to be
90000 ha. And it is not only extensive but alsoyvartensive destruction. Original
ecosystems are excavated or overlayed by thick [ages of meters) of spoil substrate.
Prewious observations on spontaneously revegetited (from 1 to 41 years old)
found that progress in plant succession is affebtedhanges in soil profile. Important
is mainly formation of humus layer. Which is crehtaostly by earthworm activity. In
presence of humus layer (on sites 24 years old cdder) decrease cover of early
succession ruderal species and increase coveteoslecessional non ruderal species
(Frouz et al. 2008).

We have further tested in two field and two laboratmanipulative experiments
hypothesis that earthworms can enhance growth@glaccessional plant species.

Figure 1 From left to the right: site 5 years old, sitey22rs old where colonisation of earthworms just
started, site 46 years old colonised by earthwdama long time. (Ondrej Mudrak)
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Materials and methods

Study sites are situated in Sokolov brown coal ngjrérea (North West of the Czech
Republic). Substrate excavated by mining is allalitertiary clay. The major
earthworms colonisators ateimricus rubellusand Aporrectodea caliginos&®oth are
used in experiments. For more detailed site detsenigee Frouz et al. (2008).
Experiments we carried out in microcosms preventmgration of earthworms. It was
consisted of container, which was provided witlefinesh (0.5mm) on the top and on
the holes made in bottom. In field experiments am@r had content of 121 in
laboratory experiment it have content of 0.75bipe&riment 1 and 1l in experiment 2.

In field experiment 1 we tested effect of earthworms on gr&sstuca rubraand
legumeTrifolium repensHowever more plants colonised microcosms fromosurding
vegetation. Therefore we sorted them into a grassed legumes and others.
Experiment was conducted from September 2005 tteSdqer 2006.

In Field experiment 2 we tested effect of earthworms on three plantsispaeplanted
from surrounding vegetation Calamagrostis epigejosHieracium pillosela and
Fragaria vescq Experiment was established in year 2006 antliswnning. Thus we
only estimated the cover of individual species binpquadrate method.

In laboratory experiment 1 we tested effect of earthworms on 6 late succeabjgant
species Arrhenatherum elatius Centaurea jacea Lotus corniculatus Plantago
lanceolataandTrifolium medium and how it differ in addition of plant litter alifferent
quality (litter is food for earthworms). We usetldi of Calamagrostis epigejo&grass
present in all succession stages with litter paonatrients), willowSalix caprea(their
litter dominate on sites freshly colonized by eardhms) and aldeAlnus glutinosgtree
comonly planted on spoil heap, which is known todurce litter rich on nutrients).

In laboratory experiment 2 we carefully took monolihts of the substrate frotes17,
23, 46 years old and putted into the microcosmsteldeer we improved the substrate
from youngest site by addition of earthworms We sm@ds of the same species as in
laboratory experiment 1.

We analysed data by t-test and by various modefsnafysys of Variance (ANOVA).
For post hoc comparisons we used Fisher LSD tdst§8ft). Multivariate data we
analysed by Redundancy Analysis (RDA) using prognanCanoco 4.5 (Ter Braak &
Smilauer 2002).

Results and discussion

In all of our experiments we observed rather higitve ground biomass (or cover) of
plants in presence of earthworms. Simillar pattem obseved in the case of bellow

ground biomass (figure 2,3,4,5). It indicate thatspontaneous succession on raw
substrate earthworms can really enhance plant grdwawever not for all species and

it is dependent on plant litter quality presentsas.
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Figure 2 In field experiment 1 significantly higher bionsasf grasses, nameRestuca rubrawas found in
treatment with worms in comparison with no wormatreent (p<0.5, t-test). Other groups do not differ.
Higher biomass of grasses resulted also in higherati biomass but differences between worm and no
worm treatment were only marginally significant Qp890, t-test). Shown are averages with standart
deviation.
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Figure 3.Cover of plant species ifield experiment 2 was changed by the earthworms (p= 0.049, RDA).
Presence of earthworms favétieracium pilosella (p=0.026, ANOVA). Calamagrostis epigejosand
Fragaria vescahad rather lower cover in presence of earthworatbt significantly (p= 0.17€. epigejos
p=0.264 . vescaANOVA).
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Figure 4 In laboratory experiment 1 total above ground biomass of plants (left pavgs higher in presence
of earthworms, but the length of their presence masmportant (p= 0.006, ANOVA). Fisher LSD testihd
different only no earthworm treatment. Differencaswalso among the litter types (p= 0.009 ANOVA).
Interaction of earthworms and litter treatments wassignificant (p= 0.30, ANOVA). Total bellow grod
biomass (right part) differ only among litter typgs= 0.004, ANOVA) not among earthworms treatments
(p= 0.24, ANOVA). Interaction was not significamt=<0.66, ANOVA). For both above ground and bellow
ground we observed highest biomass in microcosmis litier of Salix caprea(in both cases the only litter
treatment found by Fisher LSD test as differenttfpv@h are averages with standart deviation.
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Figure 5. Total above ground as well as bellow gtbhiomass followed the age of the substrate. dtvedt
amount of biomass was in the youngest substrat¢henkighest in the oldest. However earthworms aved
conditions for plants in the youngest substrateitsciomass was comparable with the oldest sulestrat
(F=2.64, p= 0.064 — above ground; F= 3.41; p=8:0>ellow ground, ANOVA). Shown are averages with
standart deviation.

Conclusions

Our experiments confirmed the results of field obagons that earthworm benefit
nonruderal late succession species. Promotingvearth colonisation can thus enhance
plant succession on raw substrates. Such biomatipal can be usefull when more
natural aproaches like directed succession arefosedvegetation of heavily disturbed
areas.
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