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Introduction

Microbial activities in the upper soil horizons are affected by plant litter and rhizodeposition as well as by the 
physico-chemical soil conditions. Plants release root exudates which are substrates for microbial biomass growth 
and microbial activities. Microbes exert feed-back-effects on vegetation via mineralisation of soil organic matter.
In spite of the need for reference data for managed forests there is little  information available on nitrogen turnover 
rates under natural  forest vegetation. In  the present study we examined the relationship between vegetation, root 
exudates and the microbiology of indigenous forests.
Beside soil and vegetation analyses, microbial biomass as well as extractable amino acids were measured. The 
study included analyses of the potential emission of the greenhouse gas N2O, nitrogen mineralization and soil 
enzyme activities. 

Material and Methods

Twelve mature stands with natural tree species composition, mostly situated in natural forest 
reserves, were studied during a three years period. Six woodland-communities, which are 
common in Central Europe were represented, namely oak-hornbeam, woodruff-beech, 
acidophilous beech, spruce-fir-beech, flood-plain forests, and Austrian pine forests. transects of 
50 m length were set up, each containing 10 subplots. The upper mineral soil (0-10 cm) was 
sampled in spring and autumn of the years 1997 and 1998. Nitrogen mineralisation potential 
was determined by anaerobic incubation of soil samples for 7 days at 40 °C (Kandeler 1996). 
Microbial biomass-N (Nmic) was determined as ninhydrine-reactive N by a fumigation-extraction 
technique as described by Öhlinger (1996) and calculated as ninhydrine–reactive N * 3.1. 
Urease activity was measured according to the method of Kandeler and Gerber (1988). 
Potential N2O emissions were determined by gas chromatographic analysis of headspace air of 
30 intact soil cores taken from each site and incubated in Kilner Jars (Zechmeister-Boltenstern, 
1994). 
Amino acids were determined in extracts of 60 % v/v acetone. After ion exchange, the cationic 
fraction was analysed for its content of amino acids by means of HPLC.

Results and Discussion

Generally, microbial biomass and activi ties in all natural forests studied were on a high level  compared 
to literature data (Bauhus et al., 1998; Reich et al. 1997). 
A major aim of our study was to  compare the potential  nitrogen turnover in different forest types (Fig. 
1a). The two flood-plain forests as well as one virgin spruce-fir-beech forest showed highest potential  
nitrogen turnover. Lowest biomass-N and N-mineralisation were found in  the beech forests on siliceous 
bedrock, whereas pine forests had rather high microbial biomass-N and average N-mineralisation. 
In order to  know how nitrogen is cycled within  the system and how much of it is prone to losses as gas 
or leachate, we measured N2O emissions and nitrate  concentrations in  the top soils (Fig. 1b). Nitrate  is 
easily leached from the top soil, but it is also the source for gaseous N-losses via denitrification. There 
were two forest types which produced only small amounts of nitrate so that nearly all mineralised 
nitrogen remained in the immobile ammonium form: These were the beech forests on siliceous bedrock 
and the pine forests. Both of these forest types never showed any significant N2O-emission during our 
study. Another unexpected result was the positive correlation between extractable nitra te  and N2O-
emission. In contrast to investigations on managed forests (Brumme et al ., 1999) the results of our 
study indicate that in natural  forests nitrate  seems to be a limiting factor for denitri fication.
According to  discriminant analysis pine forest showed a totally different nitrogen regime compared to all 
other forest types (Fig 2a and b). 
Top soils from spruce-fir-beech forests differed from all other sites due to  higher microbial biomass 
pools and respiration rates (Hackl et al., 2000). One of these spruce-fir-beech forests is a famous 
undisturbed virgin forest ("Urwald Rotwald"), which is situated on Chromic Cambisol. Highest values of 
amino acids, microbial biomass, enzyme activities, mineralisation and nutrient turnover rates were found 
in the top soil of this site (Fig. 3a and b). 

Fig. 3a: Chernoff faces reflecting concentrations of 15 amino acids in the rhizosphere soil. 
Each amino acid determines a feature of the face representing one forest site.
Fig. 3b: The „Urw ald Rotwald“ is a famous virgin forest w ith extremely high microbial 
activities in the upper soil and a rich composition of amino acids.
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Fig. 1 a: Indicators for nitrogen 
availability in the different forest 
types.
Fig. 1 b: Extractable nitrate 
concentrations versus potential 
nitrous oxide emissions in autumn 
1998. 
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Fig. 2a: Pine forests have a different nitrogen regime than other 
forest types.
Fig. 2b: Grouping of forest types according to Discriminant 
Analysis based on microbial biomass, amino acids, pH and NH4
availability, spring97.
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