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Introduction

Pure stands of Norway spruce (Picea abies) outside their natural 
range, especially when growing on heavy soils at low elevation, are
very susceptible to ecological risks. Calamities very often lead to 
large-scale destruction of uniform stands. In order to minimise
management risks for the next rotation period, a stand conversion
using a high percentage of deciduous trees is required. Natural re-
generation of pioneer tree species, like birch (Betula pendula) and 
trembling aspen (Populus tremula), plays an important role in 
managing the early successional stages after disturbances, where
unfavourable environmental conditions, for instance an extreme soil
moisture regime, are prevailing. In this study we investigate the
effect of 20 year old birches, following a large scale wind-throw of a 
mature spruce forest, on soil moisture regime. Preliminary results of 
this long-term project are presented.

Study site and methods

The experimental plot is located at about 320 m a.s.l. in Fürstenfeld, 
in the south-east of Styria, Austria (Figure 1). The climate is mainly
continental (mean annual temperature 8.8° C, mean annual precipi-
tation 765 mm). The dominating soil type is a so called ”Stagnogley”, 
which is characterised by a high content of clay as well as periodic
soil water surplus. The potential natural forest community is an oak-
hornbeam forest (Querco robori-Carpinetum Wraber). After a large 
scale wind-throw a 20 year old stand developed, consisting mainly of 
pioneer tree species with some natural spruce regeneration. Soil
hydrology parameters were recorded continuously in different soil
horizons in two birch and in two spruce eco-groups (Figure 2). To 
quantify the transpiration, sap flow of 15 birches was measured over
the growing season 2001, using the heat field deformation method
(Figure 3; Nadezhdina et al., 1998).

Results and discussion

Figure 4 shows the monthly mean soil water content under birch and 
spruce groups. During the summer months the soil water content 
under spruce was higher than under birch. Under drought stress, e.g. 
during the dry summer of 2001, this effect disappeared, when both 
tree species exploit excessively the soil water reserves. Due to
exhaustive precipitation at the end of the growing season 2000, the 
soil moisture content under birch and spruce increased very rapidly, 
showing no difference between tree species. The severe drought 
stress period in 2001 ended with high precipitation in September. 
Soil water content under both tree species was significantly lower 
after the end of the growing season 2001 than in the preceding year. 
In the dry months of November and December 2001 the soil water 
content was lower under spruce than under birch, due to continuing 
winter transpiration of spruce.

Figure 4. Monthly mean soil water content under birch and spruce in 
soil depths of 15 and 30 cm from June 2000 to December 2001 and 
monthly precipitation sums.

Sap flow measurements in birch in the growing season 2001 show a 
characteristic temporal trend (Figure 5). In phase I sap flow
increased sharply due to high soil moisture, high potential 
evapotranspiration (PET), and rapid foliage development at the
beginning.

Figure 5. Seasonal dynamics of daily sap flow, calculated for 3.5 cm 
outer xylem depth in two birches, daily dynamics of soil water con-
tent at 15 cm soil depth and potential evapotranspiration (Turc, 
1961).

As a consequence, soil moisture decreased significantly. Sap flow, 
as an indicator for transpiration, correlated strongly with PET. In 
phase II soil moisture controlled transpiration, which followed 
dramatically soil moisture changes after rains under high PET, 
especially during the second ”wave” of drought in August. After 
increasing soil moisture in September (phase III), sap flow again 
highly correlated with PET, but at a lower level than in spring, due to 
lower PET, leaf area index and the negative effects of summer 
drought.
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Figure 1. Geographical
location of the study site
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Figure 2. Online measure-
ment of soil water content

Figure 3. Sap flow mea-
surement by heat field
deformation method
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