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1 Introduction 

Anthropogenic depositions lead to an acidification of forest soils, which 
increasingly endangers the quality of the ground and surface water and 
therewith also the quality of drinking water. The identification of these 
disturbances and the contemporary initiation of counter measures is 
today more important than ever to stop the loss of function of forest soils 
caused by acidification. Counter steering and prevention of further 
degradation of the water body quality demands the Water Framework 
Directive of the EU (WFD). Objective is to establish or to maintain a 
‘good’ ecological and chemical status of all water bodies and a ‘good’ 
quantity and chemical status of the groundwater respectively by the year 
2015. For this reason are demands made on silvicultural treatment 
strategies next to optimisation of timber growth and variety of species to 
keep the balance of forest ecosystems under today’s environmental 
conditions closed. In the following presented ecosystem studies show 
how different management strategies affect the functionality of forest 
soil and therewith the ground water. Objective of this leaflet is, to point 
out the range to improve ‘water services’, which forestry under today’s 
environmental conditions still has. 
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2 Healthy Forest Soil – Clean Ground Water 

In the last 20 years a significant reduction of sulphur depositions 
through technical measures of filtering has been achieved. Long-term 
balance measurements in forests evince in large parts of the country 
unchanged high acid and nitrogen depositions that are on lime-free 
soils above the critical loads, which can be compensated or retained of 
forest soils. Measurements of the stock flow show high net-discharges 
of alkaline cations from forest soils that lead to an increasing restriction 
of compensation and buffer functions. With the comparison between 
earlier soil-chemical measurements and their present value result that 
acidification processes lapsed in the last decades with a high speed.  

The soil condition survey in forests of Baden-Württemberg in the 
beginning of the nineties recorded the state of debasification on the 
basis of the sum parameter ‘base saturation’ (sum of in soil exchange-
able stored alkaline cations). It became apparent that within the main 
root space on all lime free and siliceous substrates the share of 
exchangeable stored bases is large-scale lower than 10 % of the 
exchanger configuration. Also beneath the main root space in the 
growth regions Black forest and Odenwald debasification is so far 
large-scale proceeded that similar low base saturations are existent. 
This means that an acute threat of the soil and therefore of the stand 
nutrition exists, cause acid depositions can not or barely be buffered in 
the soil. This again influences the quality of the soil leakage water and 
the ground water.  

Risks for soil and stand nutrition 

At high acid-levels become silicates, especially clay minerals, increas-
ingly unstable and dissolved. Furthermore are exchanger surfaces of 
clay minerals blocked through storage of aluminium hydroxides. These 
processes lead to a leaching of alkaline elements as magnesium, 
calcium and potassium too. Because these elements determine the 
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buffering capacity, means a loss a reduction of the same. On the other 
hand these are macro-nutrients for forests so that within the acidifica-
tion and debasification disorders of the stand nutrition appear. In the 
eighties was large-scale magnesium deficiency in the high-evaluations 
sites of the low mountain ranges the key factor for occurring forest 
damages.  

The effect of ionic aluminium and the shortage of plant-available 
calcium, magnesium and potassium lead to a degradation of the living 
conditions of plant roots in the mineral soil. Hence are the root space 
and the nutrient cycle of the upper soil horizons, in extreme cases yet 
the organic surface layer, reduced. The water and nutrient storage 
capacity of the mineral soil are increasingly suppressed and the supply 
of the stands is increasingly subjected to weather dependent risks (e.g. 
potassium shortage in dry periods).  

Soil acidification and debasification affect furthermore the aptitude of 
forest soils as habitat for soil microorganisms. Soil microorganisms 
determine through their structure-creating and structure-stabilising 
effect, but also with their importance for the stable storage of nitrogen, 
the ecological attributes of forest soils. Below a pH-value of 5 life 
possibilities of capable representatives of the soil macrofauna, such as 
earthworms, are heavily reduced. At higher levels of acidification is also 
the activity of bacteria heavily reduced, so that only less capable fungi 
determine the cycle of elements. Consequences are a degradation of 
the soil structure, the soil aeration and the nitrogen storage capacity.  

Risks for groundwater and drinking water supply  

Forests are guarantor of clean surface and ground water. Not without 
reason are more than 2/3 of drinking water basins in forests (KRENTZKE 
2000). The high grade drinking water quality is however increasingly 
endangered, because the acidification of forest soils is reflected in 
water bodies in the mean time too. Especially nitrogen depositions from 
the air lead over nitrate discharges into the groundwater to far-reaching 
acidification and eutrophication processes. The deeper an acidification 
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based on the topsoil into the subsoil is proceeded the more likely is that 
acidification caused dissolution and reaction products reach the 
groundwater. For example in the Middle and Southern Black Forest are 
many receiving streams in their upper reaches ‘strongly up to very 
strongly acidic’ (LANDESANSTALT F. UMWELTSCHUTZ 1992). 

At progressing acidification is ionic aluminium shifted in deeper soil 
layers and finally leached out in water bodies. There it can be fish toxic 
and a health risk in drinking water. The chemical composition of surface 
waters determines furthermore there aptitude as habitat for diverse 
aquatic communities (BRAUCKMAN 1995). 

Hydro-chemical developments in afforested water basins have a great 
influence on long-term water body and drinking water supply. Legal 
quality criteria have to be observed and pollutions eliminated at the 
purification of ground and surface water respective to drinking water. A 
greater pollution of raw water means a higher expenditure at drinking 
water purification. Difficulties arise particularly from nitrate, dissolved 
organic carbon compounds (DOC) and suspended particles. But also 
manganese and iron, which create turbidity in association with dissolved 
carbon, lead to technical problems at the drinking water purification.  

Measurements in Baden-Württemberg  

In Baden-Württemberg are acid and nitrogen depositions through air 
and precipitation monitored at 24 different deposition measure sites. At 
10 of these measurement sites are additionally forest climate and forest 
conditions surveyed, whereat 6 of these include the soil water balance. 
In the beginning of the nineties was furthermore within the country-wide 
soil condition survey (SCS) the chemical condition of the forest soil 
analysed. Single case studies complete the surveys from the different 
measurement networks. The monitoring documents that through 
selective liming, the controlling of cutting measures as well sufficient 
shares of deciduous trees decelerate or even stop the acidification and 
finally the discharge of potentially water-imperilling substances such as 
nitrate, aluminium, dissolved organic carbons and heavy metals.  
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3 Liming Treatment 

Soil protection limings are not aiming the increase of the yield of forest 
stands than rather the maintenance of closed cycles of matter, because 
liming can achieve an enhancement and stabilisation of the nutrient 
cycle. The limiting factors of the litter decomposition shall be eliminated, 
the buffer capacity of forest soils of acid depositions improved and 
exchange balances shifted in towards storage of exchangeable alkaline 
cations. Carbon stocks, which are stored in increasingly inactive 
strongly acidic humus layers, can be transferred into stabilised, 
biological valuable humus stocks in mineral soils.  

Through these enhancements of the soil chemical condition is further-
more the habitat aptitude for efficient structure formers, especially for 
earthworms, guaranteed. The accruing pore space leads to better 
aeration and therefore to a more intensive and deeper reaching rooting, 
which altogether increases the stability and nitrogen storage capacity of 
forest ecosystems.  

At highly dosed liming areas are for instance the pH-values as well as 
the base saturation even 50 years after liming considerably increased. 
Furthermore is at liming areas a more intensive and deeper rooting of 
the mineral soil recognisable. For a long-term stabilisation and 
regeneration of forest soil is a country wide liming programme neces-
sary, which encloses inclusive the necessary site specific repeating 
limings, twice to thrice as much limed areas since 1980.  

Case Study Kleine Kinzig - Reservoir  

This case study focuses on the impact of soil protection limings on the 
chemical water quality. It comprises two areas. The streams ‘Teufels-
bächle’ (2,16 km²) and ‘Huttenbächle’ (3,92 km²) are partial basins of 
the Kleine Kinzig. The stream Kleine Kinzig supplies the reservoir of the 
same name, whose water treatment plant supplies drinking water for 
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250.000 people. Both surveyed basins are almost completely afforested 
and comparable in their morphological and geological characteristics 
(Buntsandstein sandstone), cause they are directly neighbouring. They 
are situated in the submontane regions of the northern Black Forest 
(550-850 m.a.s.l.), 7 km south of the town Freudenstadt. The average 
slope is 6-10 %, whereat some slopes reach up to 60 %. The hydrologi-
cal discharge processes between both areas are comparable. The 
drainage formation is dominated by near-surface top layer runoff. 
Therefore it’s possible to control the chemical water quality through the 
on the area realised soil protection limings.  

Liming of the basins  

Liming campaigns have been carried out in both basins to counteract 
the acidification impacts of airborne depositions into the soil (figure 1). 
The liming started in 1982 in the basin Huttenbächle. 1991 were most of 
the parts of the basin limed. Remaining areas were limed by 1995. The 
liming was repeated over the entire basin with a dose of 3 tons/ha in the 
year 2003. In the basin Teufelsbächle were only 50 % of the basin area 
limed and the liming was not repeated later on.  

Soil profiles and water samples  

In the year 2003 were 153 soil profiles in a 200 m raster set up in the 
basins of the streams Huttenbächle and Teufelsbächle. The content of 
elements and the exchanger configuration of every soil profile have 
been determined for the organic layer and mineral soil in four different 
gradients. Since the end of 2003 are furthermore samples regarding the 
water chemical configuration of the receiving streams and springs taken 
in a 14-day rhythm. 
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Base saturation 

Especially in the top soil effects the soil protection liming an improve-
ment of the base saturation. Figure 1 shows the measured base 
saturation of the basins in a depth of 0-10 cm at the soil profiles. 
Altogether is a heterogeneous picture of the base saturation shown with 
a broad distribution of the values in the basin Huttenbächle from 2,10 % 
to 93,90% and the basin Teufelsbächle from 2,10 % to 80,40 %. 

In the top soil (0-10 cm) of both basins differs the base saturation not 
significant, which can be explained by a higher exchange capacity in the 
basin Huttenbächle. At higher exchange capacity is a higher liming 
intensity needed to change the exchanger configuration significantly. 
Though are the base saturations in the more limed basin Huttenbächle 
in a soil depth of 60 to 90 cm significant higher. Generally spoken shows 
the top soil the highest base saturations, because here is the direct 
impact of liming at its most. The lowest base saturations however 
appear in both basins at a soil depth of 30-60 cm. From 60 cm depth 
they increase slightly, because here supplies the rock alteration bases 
to a limited extend.  

The heterogeneity of the base saturation in 0-10 cm depth can be 
explained in both basins through small-scale variability of the lime 
application. The lowest values of the base saturation in all gradients can 
be found in the eastern part of the basin Teufelsbächle on the non-limed 
areas.  
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Fig. 1:  Realised liming treatments with dose (brownish colours) and year of 
treatment (numbers in the map) in the basins Teufelsbächle (left) and 
Huttenbächle (right) as well as the measured base saturations in 0-10 cm soil 
depth (dots). 

Water chemistry 

The water-chemical analysis of both streams in the basins visualise 
differences in the acidification parameters. In figure 2 is the develop-
ment of the alkalinity along the streams as acidification parameter 
shown. The alkalinity shows the activity of hydrogen carbonates and 
organic anions in aqueous solution and is therefore a measure of the 
natural acidification state of water bodies. As indicated are alkalinities in 
the Huttenbächle along the entire stream positive. In the Teufelsbächle 
on the other hand vary the values in extreme situations already at the 
lower reach to the negative range and are year-round negative at the 
upper reach. 
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Fig. 2:  Alkalinity of stream water (µmolc/l) at the Huttenbächle (blue) and the 
Teufelsbächle (red); numeration of measuring points is rising from the lower 

reach to the upper reach. 

Similar differences appeared between the basins regarding to pH-value 
and acidification index. Also the calcium and magnesium concentration 
is considerably higher in the Huttenbächle than in the Teufelsbächle. 
These increased values result obviously from the more intensive soil 
protection liming in the basin Huttenbächle, where magnesium as well 
as calcium were applied together with the liming material.  

The calcium concentration at the area outlet of both different limed 
basins is presented in figure 3. In the year 1989, the beginning of the 
measurements, were the calcium concentrations of both area outlets 
very close. Until middle of the nineties dropped the calcium concentra-
tion at the Teufelsbächle considerably and settled since them annual 
periodic down to a comparative constant value of approx. 2,6 mg/l. The 
calcium concentrations of the Huttenbächle increased in the same 
period to a maximum value from 4,1 to 4,2 mg/l and dropped until the 
year 2003 down to a value of 3,6 mg/l. This trend can be explained with 
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the realised liming campaigns in both investigation areas. 1989 was the 
main part of the lime treatments realised in the basin Teufelsbächle, so 
that the liming reaction was subsided to a large extent in the years 
1996/97. A liming effect was recognisable over a period of maximum 7 
to 10 years. In the basin Huttenbächle were area limings completed in 
1995 and dated back up to maximum 13 years. This and the fact that on 
approx. 1/5 of the basin area until then a re-liming was realised explain 
the maximum concentrations in the years 1993/94. The fact that one to 
two years after the reliming of 2003 the trend curve gradually starts to 
increase, shows that in the basins the liming reaction reaches fast the 
stream water in the form of neutral-cation concentrations.      

 

Fig. 3:  Chronological sequence of the calcium concentration in the area outlets 
of the streams Huttenbächle (blue) and Teufelsbächle (magenta). Trend lines = 

2nd degree polynomial. 

A further difference between the basins can be recognised regarding the 
aluminium and manganese contents, which represent reaction products 
from the soil acidification. Both elements are of large importance for the 
chemical water quality. At drinking water treatment it is technical 
comparatively easy to remove aluminium from the water, but aluminium 
harms aquatic communities. Manganese hinders through turbidity the 
technical sterilisation at the drinking water treatment. In Huttenbächle 
are the aluminium and manganese concentrates very low. The critical 
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values of drinking water for aluminium (0,2 mg/l) and manganese (0,05 
mg/l) are never met. Generally similar is the lower reach of the 
Teufelsbächle. At the upper reach of the Teufelsbächle though is the 
critical value for aluminium in parts exceeded and all manganese values 
exceed the critical values of the drinking water treatment.  

Like other extern influences and management measures is even liming 
a technological intervention in ecosystem processes and causes 
adverse effects. Especially in the initial state after the soil protection 
liming can, caused by an excessive nitrification, nitrate reach the 
receiving stream. This could not be observed in the surveyed area and 
the nitrate discharge showed slightly decreasing trends.  

Case Study Stimpfach 

The raw water of the approx. 150 ha large basin of the communal 
drinking water supply Stimpfach comes from a very shallow, approx. 1,5 
to 2 m thick aquifer of Kieselsandstein-sandstone alteration material, 
which is based on a groundwater invert of marl (Oberer Bunter Mergel). 
The basin is situated at a height of 480 m.a.s.l. and the annual 
precipitation is 720 mm. Soil types are mainly podsols, podsolic dystric 
cambisols as well as pseudogleys and as prevailing site-unit are moist- 
to dry-acidic sands prescribed. Caused by severe storms in 1990 were 
2/3 of the basin area bare. Due to these non-stocked areas were 
breakthroughs of DOC (= dissolved organic carbon, especially fulvo and 
humic acids) into the raw water recognised at heavy rain periods. 
Through accompanying turbidity of the water put the technical function-
ing of the drinking water treatment to risk.  

Soil chemical controlling measures in the basin should improve the 
situation, whereat a soil protection liming is suitable for long-term 
remediation. In laboratory was surveyed how the different protection 
liming methods affect the discharge in the soil leakage water. Therefore 
were following liming variants simulated: per four soil columns with 
dolomite, a mixture of flue gas desulphurising gypsum and dolomite as 
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well as basalt stone meal. Five soil columns were surveyed as blank 
samples and not limed. Furthermore were soil samples at different 
places of the basin taken and chemical and soil physical analysed. The 
soil columns were with to a pH-value of 4 acidulated water percolated. 
The captured amount of leakage of 2200 ml accords to the approx. 
annual precipitation. 

Liming agents  

Trough a high calcium supply to flocculate in soil dissolved carbon 
compounds and therefore to precipitate them from the solution phase is 
the aim of all liming variants. Figure 4 presents the concentrations of 
dissolved organic carbon (DOC) after the discharge of 550, 1100, 1650, 
2200 ml leakage. As in figure 4 shown, causes the liming variant 
gypsum the most significant DOC-reduction. At the same time could be 
proven that trough the variant gypsum large amounts of aluminium were 
released. This is caused trough the high solubility of gypsum and 
therewith the abruptly increased calcium concentration in the soil 
solution whereby aluminium is displaced from the exchanger surfaces 
und shifted into the leakage water. At other liming variants is aluminium 
in a organic complexed forms which is typical for podsols. The most 
harmonic effect and reduction of DOCs in the leakage were reached 
through comparably slow dissolving siliceous stone meals, which were 
applied at the basin level at the field test, too.  
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Fig. 4:  DOC-concentration in soil water depending on the soil horizon and 
leaked precipitation volume (every 550 ml up to 2200 ml). 
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Liming Demand in Baden-Württemberg 

On the basis of base saturations, pH-values or Cl-exceeding were, 
related to the measurement points of the soil condition survey (SCS), 
600.000 ha of the state forest area of Baden-Württemberg and 200.000 
ha other areas as lime-requiring identified. But the annual performance 
is 14.500 ha per annum. Therefore are 20 more years of liming 
treatment necessary. A lime amount of 46 kg dolomite ha-1a-1of the state 
forest area can be estimated furthermore. This implies an annual 
dolomite demand of 60.000 tons at state level, whereat the actual liming 
amount of 3 tons/ha relates to an annual liming area of 20.000 ha. This 
indicates that present efforts are insufficient to reach a long-term 
stabilisation of forest soils. A disadvantage of the control of the liming 
demand over critical pH-values, base saturations and Cl-exceedings is 
that a forest ecosystem is always in the range of critical acid-base-
relations and a regeneration of the lost site quality is barely possible.  

Another methodology to plan liming treatments is at present the 
examination of potentials, which are defined with lead-indicators. 
Therefore has been the liming amount of 308 SCS-profiles determined 
to exchange aluminium in 60-90 cm soil depth. Thereat was presumed 
that all exchangers are occupied with neutral cations (calcium, 
magnesium, potassium) in this depth. From this results a differing liming 
demand for different growth regions. In the Black Forest and the 
Odenwald prevail sites with 2-3 recommended repeat-limings, the sites 
Rhine Valley, Swabian Mountains and the Neckarland characterised 
through none or a small liming demand. In figure 5 is the liming demand 
of different areas of Baden-Württemberg and their percentage share of 
the state area shown.  
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Fig. 5:  Liming demand of Baden-Württemberg, derived at the base of the 

exchanger configuration at the SCS-profile sites. 
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4  Silvicultural Control of the Balance 

Silvicultural treatment strategies aim to influence the quality and yield of 
stands on the one hand. On the other are thereby indirect basic 
conditions for coupling and uncoupling processes at the balance of 
matter set up. This applies for the choice of tree species, but first of all 
for the spatial and temporal determination of cuttings. Strongly 
discontinuous method with a phase of clear cuts and a high uncoupling-
tendency of the balance of matter face continuous forest oriented 
methods with more or less evenly over life of the stand distributed femel 
felling (group selection felling). Next to the cutting method influences the 
choice of the composition of the tree species considerably the balance 
of matter of forest soils.  

Case Study Conventwald 

Since 1991 are the balance of matter and water of forest ecosystems at 
the ecosystem-case study Conventwald surveyed which differ regarding 
their composition of tree species and stand structure. The study area is 
located 700-800 m.a.s.l. with an average slope of 20° in south-eastern 
orientation. The Conventwald is characterised through deep developed, 
superficially acidificated cambisols of dark, mica-rich paragneiss at a 
talus-aquifer with a thickness of 1 to 5 meters. Therefore is the study 
area a typical example of the basins of the Middle Black Forest which 
are characterised through talus-aquifers. The Conventwald has total 
acid and nitrogen depositions which are in comparison with the rest of 
the state in the upper third of the deposition impacts and which are 
widely comparable with parts of the Black Forest and the Odenwald.  

The survey areas for the different silvicultural variants have been 
chosen so that the site conditions are preferably similar. The experiment 
lots were separated in one ‘Mixed stand’-variant and several ‘Single-
specie stand’-variants. The stands are with a distance of less than 500 
m close by. The experimental lots of the mixed stand variant are located 
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in the eastern part of the 15 ha large strict forest ‘Conventwald’, which is 
not used since 1950. The mixed stand is a 160 year old beech-fir-
(spruce)-old forest with approx. 63 % beech, 27 % fir and 5 % spruce. 
The remaining 5 % are gaps and natural regeneration. The direct by the 
strict forest neighboured single-specie stands are 40 year old pole sized 
stands of spruce and beech respectively as well as an approx. 90 year 
old spruce timber stand in a coniferous-rich, approx. 0,5 ha large group 
of a fir-beech-stand.  

For total 49 structure units in the mixed and single-species stands were 
the single material flows calculated by the measured deposition data 
and the soil dissolving concentrations over the entire survey period 
since 1991. These structure units can be seen as temporary stages of 
silvicultural treatments. Material flow calculations of clear cuts, natural 
regeneration, timber stands and old forest for example were combined 
to a model of material flow in a beech-clear cut system. Furthermore 
were larger femel groups with or without pre-regeneration use to 
describe discharges after femel fellings. The deposition measurements 
allowed the inclusion of depositions for ammonium, nitrate, sulphate, 
base-cations (MB) and total acid.  

The deposition regime is reflected in the area outlet. So was a sinking 
pH-value of initially pH=7,2 in 1991 to pH=6,6 in 1998 in the creek water 
(area discharge) of the Conventwald. Afterwards rose the ph-value until 
2003 and reached maximum values of pH=7,5. Furthermore is a 
seasonal variation recognisable, the minimum values are reached in the 
late winter in times of maximum soil water saturation and the maximum 
values in summer. Basically the same decrease-trends are determined 
for calcium concentrations in the creek water, which shows the 
continuous decrease of the easy to dissolve calcium pools along the 
route of transport of the leakage water. Thereby are minimum values of 
less than 4,5 mg/l reached (figure 6).  
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Fig. 6:  Trend and seasonal variance of pH-value and calcium concentration in 

the creek water. 

In the last years droped the net-discharge of calcium from the soil of the 
basin to values close to cero. Since 2005 a slightly uptake of calcium is 
in the soil is reflected. Since the year 2001 almost the entire calcium 
discharge from the soil is feed direct from the uptake. The buffer 
capacity of the calcium carbonate buffering system underneath the 
beech-mixed stand is obviously depleted and the acid buffering is 
increasingly taken over by silicates.  

Because the soil of the Conventwald is characterised by an efficient 
buffer zone in deeper horizons, it’s possible to study the soil acidification 
in their development and not to diagnose the conditions of maximum 
acidification intensities. Aim of the study is to identify the scope for a 
stabilisation of the balance of matter, which the forest practise and 
silviculture under the influence of current effecting environmental 
changes still have.  
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Influence of the Harvesting Method 

In single-specie stands is the timber harvesting often carried out as 
clear cut to plant a new stand generation afterwards. In mixed stands 
are so named femel gaps felled, in which only 2-5 old trees are cut. This 
allows a natural regeneration in the crown gaps. The clear cut in the 
Conventwald was done in 1989, two years before the beginning of the 
field measurements. In February 2001 were furthermore two femel gaps 
cut by felling 3-5 old beeches in the mixed stand. One femel gap was 
cut in an area without beech pre-regeneration, the other gap in closed, 
approx. 1-2 m high beech regeneration under shelter. In figure 7 are the 
material balances of the clear cut and both femel gaps compared.  

 

 

Fig. 7:  Comparison of matter balances in the area of the strip clear cut from 
1989 (left) as well as the femel felling from 2001 per gap without (middle) and 

with beech pre-regeneration (right) 

Significant reactions in the balance of matter could be observed directly 
after the cutting measures. As in figure 7 shown, are all three regenera-
tion areas characterised through a triple to octuple increase of the 
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nitrate discharge compared to the deposition a few years since the 
cutting measures. The highest discharges were measured 2 years after 
felling at the small clear cut area (9 kmolc ha-1a-1). At the femel area 
without regeneration was the discharge of approx. 7,5 kmolc ha-1a-1 at 
the same level as at the clear cut. Meanwhile was the discharge at the 
femel gap with regeneration in the average of the first two years half the 
value. The differences trace basically back to the differences in the 
nitrate discharge. In the femel gap with regeneration shows the depth 
profile of the nitrate flux density between 60 and 120 cm depth a 
reduction about 50-60 % compared to the nitrate flux density in the 
upper soil depths, which can be explained with a high probability by the 
nitrate uptake in the root space of the beech regeneration.  

Influence of the composition of tree species  

The deposition rates show a high variability between tree species and 
ages in the forest, which can be explained with different crown densities 
and crown shapes. Beech stands are characterised by a 40 % lower 
deposition than spruce stands.  

As in figure 8 shown, are in beech-mixed-stands the flux densities in the 
field precipitation and in the leakage water discharge with values of 
about 1,2 kmolc ha-1a-1 balanced. At present has to be bargained for 
further soil acidification. The discharge is currently driven by deposi-
tioned sulphate, hydrogen-carbonate and in low amounts by nitrate. The 
nitrate discharge is compared to the deposition from the field and stand 
precipitation reduced to about 80 %, which points out an effective nitrate 
uptake through the beech-rich stand.  
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Fig. 8 : Comparison of matter balances between a beech-mixed stand (left) and 
a pure spruce stand (right) of the case study Conventwald. Both variants are old 

stands. Shown is the total flux between field precipitation (FN) above the 
canopy, the stand precipitation (BN) and the leakage water discharge beneath 

180 cm soil depth. 

The matter balance in the neighbouring pure spruce stand is in contrast 
- at same field deposition- not nearly balanced. Already in the stand 
precipitation is the flux density approx. 30 % higher than in the beech-
mixed stand. Furthermore is the flux density in the leakage discharge at 
180 cm soil depth the quadruple of the deposition flux. The increased 
nitrate discharge can be partly explained by the larger nitrate deposi-
tions in the canopy. Pure spruce stands are furthermore characterised 
by shallow roots, whereat the nitrate uptake is limited to shallow depths. 
The high nitrogen discharge drives a massive leaching from forest soils 
beneath spruces.  
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Balance of matter for silvicultural treatment model s  

The in the case study Conventwald monitored fluxes of matter of 
different compositions of tree species/ age and harvesting methods can 
be combined in total balances for silvicultural treatment models. Thereat 
is the deposition into the soil, such as deposition with precipitation as 
well as the release of cations during the silicate alteration, related to the 
loss rates, such as the immobilisation of MB-cation (neutral-cations: 
calcium, magnesium, potassium and sodium) in the biomass and their 
discharge with the leakage water. The measured data are thereby at a 
model-timeline arranged so that the regarding stand-stages (regenera-
tion, young stand, old stand, etc.) represent within the rotation period 
the different forest treatment models. The MB-cations are responsible 
for the acid buffering in the soil and their loss shows indirect the 
development of a soil acidification.   
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Fig. 9:  MB-cation balance for four different silvicultural treatment models. 

The total balances for different silvicultural treatment models showed 
next to expected significant differences between the spruce-clear cut 
and the beech-models also within the beech-models a significant 
differentiation. As in figure 9 seen, is the MB-cation balance in the 
spruce-clear cut system consistently negative. Direct after the clear cut 
were the balance losses more than 5 kmolc ha-1a-1 and converged until 
the end of the rotation period to an equalised balance. At the pure 
beech stand with clear cut show the MB-cation balance during the 20 
year old clear cut and young stand stage timely limited heavy base 
losses. Compared to the pure spruce stand is the balance afterwards 
equalised. At the beech femel system without regeneration is the MB-
cation balance in the beginning of the femel close to cero and becomes 
afterwards slightly negative. The single femel stages are recognisable 



 

  
24 

through distinctive surges of base discharges in the leakage water. The 
beech/fir/spruce-continuous forest with a rotation period of 200 years 
shows the most balanced balance curve, which is only during short 
stages slightly negative.  

A large difference in the MB-cation balances is also given at the 
established utilisation concepts ’timber with bark’ and ‘timber without 
bark’ (table 1). Only at the most gentlest silvicultural treatment models 
beech/fir/spruce-continuous forest and beech-femel system with 80 % 
regeneration is the MB-cation balance slightly positive. At the beech 
clear cut system in contrast is it significant negative, whereas the annual 
loss-rates at the spruce clear cut system are so high that it can be count 
on considerable system reactions in foreseeable time. Through a 
slowdown of the litter decomposition, the decrease of the root density 
and depth as well as a massive leaching of nutrients may influence the 
growth and vitality of stands permanent. Similar as the MB-cation 
balance behaves the nitrogen balance, whereas the sulphur balance is 
noticeable negative in all variants. In the soil exists obviously a 
deposition-caused sulphur surplus, which is gradually reduced by 
disproportionate sulphur discharges. 
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Tab. 1: Total balances for the beech/fir/spruce-continuous forest (rotation 200 
years), beech femel felling with 80% regeneration (rotation 150 years), beech 

femel felling with 20% regeneration (rotation 200 years), beech clear cut 
(rotation 130 years) and spruce clear cut (rotation 100 years) for the utilisation 
concepts timber with bark, timber without bark and whole-trees. Annual rate in 

kmolc ha-1a-1 (negative balance = -; positive balance = +) 

Balance-
element 

Utilisation  Beech/Fir/S
pruce 200 

Beech 150 Beech 150 Beech 
130 

Spruce 
100 

  Duration  Femel 0,8 
regenera-
tion 

Femel 0,8 
regenera-
tion  

Clear 
cut 

Clear 
cut 

  [kmolcha-1a-1] 

MB-cation. Timber  + + + - - 
MB-cation. Timber+Bark + + - - - 
MB-cation. Whole-Tree - - - - - 

N Timber + + - + - 
N Timber+Bark + + - + - 
N Whole-Tree - - - - - 

S Timber - - - - - 
S Timber+Bark - - - - - 
S Whole-Tree - - - - - 

Acidity Timber + + + + - 
Acidity Timber+Bark + + + + + 
Acidity Whole-Tree + + + + + 

 



 

  
26 

5 Summary 

The matter of balance - the balance between deposition and discharge - 
of forest ecosystems is determined by the composition of tree species 
and the spatial structure of forests. Therefore it is important to assess 
treatment strategies for their potential of enhancement of resource 
sustainability in terms of maintenance of the local achievement potential 
for long-term drinking and ground water supply. A principle possibility to 
control the matter of balance in the long-run is the selection of tree 
species. The buffer capacity of soils and therewith their compensating 
function in the matter of balance can be improved by soil protection 
liming and/or other melioration appliances. 

Liming  

At the beginning of the liming treatments in both catchments areas of 
the Kleine Kinzig were the pH-values as well as the calcium concentra-
tions largely comparable. During the observation period appeared 
differences regarding water body chemical parameters, caused by 
different liming treatments. One catchment was more limed than the 
other. This development can be assessed as indication of a matter of 
balance stabilising and soil acidification braking impact of catchment 
liming. Furthermore could be shown, that the today’s chemical water 
quality is better in the limed catchment with higher area coverage.  

Especially difficult to control is the carbon freight in leakage water when 
the stand structure is area-wide distrurbed. In the catchment Stimpfbach 
was nearly the entire catchment area affected due to windthrow. In such 
a precarious situation is under consideration of the precautionary 
principle and for minimisation of unintended side effects an especially 
careful liming treatment is necessary. The application of 5 t/ha silicate 
stone meal has proved for the determination of the molar carbon rates in 
the soil. This made it possible to minimize technical problems of the 
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drinking water treatment, which were caused by discolouration through 
carbon.  

Silviculture 

Soil chemical characteristics, which have an influence on the ground 
water quality, can be controlled by specific forest management 
measures. Composition of tree species (share of coniferous resp. 
deciduous trees) as well as size and duration of the interruption of the 
sheltering canopy (clear cut resp. continuous forestry, existence of 
regeneration at the point of harvesting) are among them. A correlation 
between the deposition and the stand structure as well as harvesting 
operations could be shown.  
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