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INTRODUCTION

Soils of river lowlands and peatlands are preferred for agricultural cultivation 

(Frielinghaus et al., 1994). They are typically fertile, but also sensitive to soil damaging processes (Succow, 1988). Covering about 15-20 % of the north-eastern German lowlands, these sites  are also often important wetland habitats and thus subject to competing land use strategies. The achievement of soil protection measures requires knowledge on soil process dynamics. 

The following questions should be answered: 

What are the driving forces of soil development?

Which state variables are suited for reliablely characterizing the soil development stage?  

Which measures are available to prevent or halt degradation?  

METHODS AND SITES 

Alluvial clay soil processes have been studied in the Oderbruch area and processes of peat soils (Histosols) in the Rhin-Havelluch (Mueller et al., 1990, 1992, Behrendt, 1995). Both regions are located at a distance of about 70 km from Berlin. 

Soil data were determined from more than 100 soil profiles, and associations between the water regime and the land use and management were analyzed. The focus of the investigations was physical and hydraulic properties of soil. Both morphological and functional criteria of soil structure were characterized. Methods of analysis followed national and international common or standardized rules (Birecki et al.,1968, AG Boden, 1994). Site and regional water balances were estimated using lysimeter and hydrograph recordings.  

Results 

Soil development processes 

River lowland clay soils

Within the extensive lowlands of the Elbe and Oder Rivers, gley soils (FAO:Gleysols) of clayey and loamy texture are dominant. The land is level and has low drainage gradients. Land drainage has intensified during the past three centuries and has resulted in deeper water tables and soil structural changes (Fig. 1, Mueller et al., 2000). Three marked states of soil development are typical: Shallow drainage practices were typical in the 19th century and during the first half of the 20th century. Medium-deep drainage practices were typical in the 20th century. Deep drainage has been practiced mainly since the 1970s. This status is typical for the region and plays a significant role in plans for water table control.
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Figure 1: Soil structure development of  lowland clay soils (Mueller et al., 
  2000, modified) 

The drainage status is recognizable by macromorphological subsoil structure and associated parameters of soil water capacity and conductivity (Mueller et al., 1994). 
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The water table-dependent in-situ field capacity is an important soil state indicator, while parameters which were derived from the soil desorption curve have a lesser importance at groundwater influenced sites. Conductivity parameters are less reliable due to extreme random variability. Fig. 2 indicates the significant tendency of changes of soil organic matter, in-situ field capacity and capillary rise in the subsoil (UB) and in the topsoil (Ap) with deeper drainage. Speed and reversibility of the expected soil structure formation as a function of water table control should be studied.

Figure 2: Organic matter, in situ- field capacity and capillary rise at different 


drainage  states of clay soils 

3.1.2. 
Peat soils 

Agriculturally induced soil changes in peat (fen) soils include structure development (Fig.3) and mineralization of organic matter. The development stages illustrated in Fig. 3 can occur during a few decades. These changes may be characterized by soil physical parameters of soil, water, and air composition (Table 1). Accelerated soil development leads to marked changes in the topsoil as reduced water holding capacity and decreased saturated conductivity (Status 3, “Mulm” in Fig. 3). The unit water content as determined according to Ohde (in Schmidt, 1989) is a simple and appropriate measure of peat soil water holding capacity. In most agriculturally used peat topsoils, the unit water contents are lower than the threshold value of 1.8, indicating peat soil degradation (Schmidt, 1989). 

The peat layer thickness is continuously reduced through mineralization and subsidence processes at cultivated Histosols. Peat thickness losses of 1.5-2 cm/year under arable land use and 0.4-0.8 cm/year under grassland land use are typical for the north-eastern German lowlands. Despite the degraded state of soil structure, peat soils provide high yields of grass and thus remain fertile sites, if the peat thickness is greater than 60 cm and the water table is not deeper than 70 cm below the surface. However, their ecological function as wetland habitate is diminished (Sauerbrey et al., 1991). The soil quality for high crop yields of degraded peat soils with peat thicknesses of 40 – 60 cm and underlain by sand can be preserved and enhanced by deep ploughing ( Schindler et al., 1999).
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Figure 3:  Type of land use and associated water tables and features of the soil structure of lowland peat soils

Table 1: 
Values of physical soil state variables of peat soils at different 


development states 

	
	
	Values of states acc. to Fig. 3

	State variable
	Unit
	 2 “Erdfen”
	3  “Mulm”

	Organic soil matter, A1)
	g/100 g
	60-95
	30-70

	Porosity (PV), A
	cm3/100 cm3
	70-95
	45-70

	Field capacity in- situ, A
	cm3/100 cm3
	65-PV
	40-PV

	Saturated hydraulic conductivity, A
	m/d
	0.5-2
	0.001-1

	Capillary rise at rate of 3 mm/d, UB
	cm
	30-50
	10-40


1) A = Topsoil  0-20 cm,  UB = Subsoil  20-80 cm

4.
Measures of soil protection

Land drainage and consecutive soil cultivation measures have been recognized as driving forces of soil development of lowland clay and peat soils. Water management, type of land use and soil management are thus crucial factors in maintaining or rehabilitating the soil quality. The climatic conditions, annual precipitation rates of 450 to 550 mm and potential evapotranspiration rates of 600-700 mm will lead to soil degradation by drought, if  the recharges are not managed appropriately or even diminished by land use changes in the catchment area. Table 3 shows the current framework conditions of water management in extensive lowland areas of the region. Adequate groundwater recharge rates from the peatland surrounding areas and well-maintained control structures and water management practices are the main preconditions for the efficiency of soil protection measures.

For practical purposes of soil protection, monitoring and controlling of the driving forces of soil development and degradation are necessary. High water tables, long-lasting grassland swards and adequade soil and crop management, including fertilization,  reduce the peat soil mineralization rate. The rate of current annual  losses in peat soil thickness should be reduced by about 50%. This objective requires high water tables, even in summer and autumn, and thus high subirrigation rates of more than 200 mm/year. 

Overdrainage and arable use of peat soils should be not accepted. To re-establish wetlands with a sink-function of peatlands but without agricultural benefit would require extremely high water recharge rates and is thus only feasible in a few areas.

Although river lowland clay soils require water table management as well, arable land use is an acceptable management practice for the cultivated, flood-protected areas. In river lowlands, flood protection is a basic precondition of sustainable land use and soil protection, as all these areas remain flood-endangered to a certain degree. This is associated with risks of soil contamination by heavy metals and other pollutants (Eulenstein et al., 1998). 

Table 2 : Current water balance of the study areas

	Lowland name
	Oderbruch
	Rhinluch

	Type of lowland
	River lowland
	Peatland, fenland

	Size  [Tsd ha]
	70
	23

	Soils
	Fluvic Gleysols
	Histosols, shallow underlain by sand

	Land use 
	Arable
	Grassland

	Water table depth  [m]
	 0.8 – 2.0
	0.5 – 1.0

	Precipitation  [mm/a]
	470
	533

	Recharge  [mm/a]
	325
	437 1)

	Budget  [mm/a]
	795
	970

	Evapotranspiration  [mm/a]
	450
	534 1)

	Discharge  [mm/a]
	345
	436

	Crop yield [dt/ha dry matter]
	80
	62 2)

	Coefficient of transpiration 

[l H2O/kg dry matter] 
	560
	861


1) Dietrich et al., 1996, 2)  Schmidt, 1989

Summary

Soils of river lowlands and peatlands (fenlands) are fertile, but also sensitive. The achievement of soil protection measures requires knowledge on driving forces of soil development and suited indicators of soil quality. Site and soil analyses were conducted in the Oderbruch area and in the Rhin-Havelluch, both located about 70 km from Berlin. 

Land drainage and soil cultivation are driving forces of soil development. They resulted in significant water table-dependent losses of organic matter and soil structural changes. 

Accelerated soil development leads to reduced water-holding capacity and decreased water conductivity of the topsoil. The water table-dependent in-situ field capacity is an important soil state indicator. 

The peat layer thickness is irreversibly reduced as a result of mineralization and subsidence processes. Peat thickness losses of 1.5-2 cm/year for arable land use and 0.4-0.8 cm/year for grassland and forest are typical of the North-eastern Germany lowland region. 
Water management and good agricultural practices are crucial factors of sustainable land use and soil maintainance. High water tables and long-lasting grassland swards reduce the peat soil mineralization rate. In river lowlands, flood protection is a basic precondition of sustainable land use and soil protection. 
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