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Abstract: Land use, Land management and land use planning in Germany are faced with big challenges in the future.
These are caused by climate change on one side and by the regulations of European community. Agriculture has to find
out sustainable agricultural management strategies to adapt on changing natural and societal conditions. One of the most
preferred methods is the application of conservation tillage. This is caused by the positive effects of minimized tillage
operations on the physical properties of the soils. Conservation tillage tends to result in higher infiltration capacity and
improved soil water availability for plant growth. But some questions arise from the hydrological point of view. Many of
these are related to the water capacity of soils, increasing Evapotranspiration and decreasing runoff generation. The
Eastern Foothills of the Harz Mountains belongs to the driest regions of Germany. Special focus has to be taken here on
water balance. Climate change projections show that the situation in the dry region of Central Germany will be more
difficult in future because the inner annual precipitation dynamic changes to more snow in winter and less rain in summer.
With our recent field investigations we i) generate data sets to analyse the effects of conservation tillage on landscape
water balance runoff and water quality and ii) involve the regional stakeholders into our research at specially devel-
oped and managed test sites. Long term data analyses show decreasing annual average discharges in the main
streams of the area on one side. On the other side we recognise that the soil water contents increase under conserva-
tion tillage. Soils provide more water for plant nutrition and Evapotranspiration. In that has to be seen potential chal-
lenges of further adaptation to climate change and land use optimisation regarding to the targets of the WFD.
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Introduction

Land use, land management and land use planning in Germany are faced with big challenges in the fu-
ture. These are caused by climate change on one side and by the regulations of European community in
different sectors on the other side. Especially the agricultural sector is affected by this situation, because
its production system depends on natural frame conditions and agriculture affects in different way on
natural resources like soil and water. Hence agriculture underlies many environmental regulations like
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o 2000/60/EC - framework for Community action in the field of water policy,
o 92/43/EEC - conservation of natural habitats

o Common Agricultural Policy (CAP) — Cross Compliance

e Federal Soil Protection Act (BBodSchG)

One general demand posted in these regulations is the application of sustainable agricultural manage-
ment practices — especially methods of conservation tillage. This is caused by the positive effects of mini-
mized tillage operations on the physical properties of the soils (Halvorsen et al 2002, Mc Conkey et al
2003, Lafond & Derksen 1996, Lal & Kimble 1997). Conservation tillage tends to result in higher infiltration
capacity and improved soil water availability for plant growth (Batjes 1999, Benites et al 1999). Higher
infiltration capacity of soils decreases the liability to soil erosion. Therewith a reduction of sediment and
nutrient input into river system can be expected. The sufficient availability of soil water for plant growth is
one of the main agricultural problems to be solved in dry regions (Mc Conkey et al 2003, Lafond & Derk-
sen 1996, Lal & Kimble 1997). In consideration to that the implementation of conservation tillage is also an
adequate agricultural adaptation strategy on climate change in dry regions. It seems like science, engi-
neering and farmers had found the universal answer on the problems of climate change, water- and soil
protection, the community is faced with.

Focussing on that arise some questions from the hydrological point of view. These are related mostly to
infiltration, water capacity of soils, Evapotranspiration and runoff generation. The more rain water infil-
trates into soil and is kept as retained water, the more water is available for plant nutrition and Evapotran-
spiration, the less water remains for natural replenishment and runoff in river systems. This leads us to the
main question: Is there a critical extend of conservation tillage in river basins in regions with stressed
water balance? Main goal of our research is to find out appropriate agricultural management practices that
allow both economical and ecological sustainability under the conditions of climate change. With our
recent field investigations we generate data sets to analyse the effects of conservation tillage on land-
scape water balance runoff and water quality in the Central German Dry Region. This extensive work
wouldn’t be possible without the cooperation with regional stakeholders. The paper includes our investiga-
tion strategy, data collection methods and the way we involve stakeholder in our work.

Investigation Area

The Eastern Foothills of the Harz Mountains (figure 1) belongs to the driest regions of Germany with less
than 500 mm annual precipitation. Special focus has to be taken on the water balance which is negative in
the long term average. Years with surplus alter with deficit years. This situation induces a very high runoff
dynamic with long periods of low flow and very short extreme runoff events (Schmidt & Friihauf 2001).

The investigation area covers a 500 km? river catchment. It is intensively used by agriculture based on
the specific climate conditions and the fertile soils. One of the most former, current and future problems is
the availability of water for plant growth for agriculture on one side and for the generation of discharge in
the small river systems on the other side.

Climate change projections show that the situation in the dry region of Central Germany will be more
difficult in future. The total amount of yearly rainfall will not change significantly but the inner annual pre-
cipitation dynamic changes to more snow in winter and less rain in summer. Another prediction for that
region is that summer precipitation focuses increasingly on single storm events. This development is
already analyzed by FABIG (2007) based on regional weather data of the last century (figure 2). Another
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Fig. 1. River Salza catchment as part of the Eastern foothills of Harz Mountains

appearance of climate change in that region are increasing spring and early summer droughts with
rainless periods up to 40 days, what was very unusual in the early 20t century. These developments at
the regional scale show that climate change is the problem we are not only faced with in the future. It
already happens and we have to adapt on it now.

The regional climate occurrences furthermore will lead to i) less infiltration, ii) increasing surface run off
generation, iii) increasing sediment and nutrient input in river systems, iv) more flood events and v) less
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Fig. 2. Precipitation changes in the Central German Dry Region in the 20th century (FABIG 2007)
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water availability for plant nutrition. That affects both agricultural production and natural resources. Long
term analysis of the hydrographs of the three main gauges in the Salza catchment already shows slightly
decreasing average discharge during the last 40 years (figure 3). Two gauges are situated at the outlet of
the sub basins of the Salza catchment Bose Sieben (UnterriRdorf) and Querne-Weida (Stedten). The third
gauge (Zappendorf) represents the outlet of the whole Salza catchment just upstream of its inflow into the
Saale river.

The trends show that the hydrological situation became more stressed in the area. To meet the chal-
lenges of climate change an application of sustainable adaptation measures is required. This is only pos-
sible by joint activities of scientists, policy makers and regional stakeholders
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Fig. 3. Trends of yearly average flow in the Salza catchment (LHW 2010)

Methods

With our research we analyze the effects of land use strategies and agricultural management practices
in rural areas on landscape water balance and water quality in close cooperation with Regional Environ-
mental Agencies, Farmers and Agricultural Machinery Manufacturers. The application of conservation
tillage is one of the regional adaptation strategies on climate change (AGKW-LSA 2010). It is also recom-
mended as measure to protect the water bodies from non point nutrient and sediment input.

Based on different research projects we try to generate basic knowledge to develop regional adaptation
strategies on climate change. As well we have the requirement of the European Water framework direc-
tive in view. This includes the i) investigation of effects of agricultural management practices on soil water
balance and soil erosion ii) investigations on nutrient and sediment input into river systems and iii) long
term analyses of climate and land use effects on hydrographs. In addition to that methodical questions of
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the application of adapted monitoring strategies play an important role. All these research activities are
carried out in collaboration with Regional Environmental Agencies, Water and Flood Management De-
partment, Farmers and Agricultural Machinery Manufacturers.

Recently we work in two projects about the impacts of agricultural management on soil water balance
and soil erosion. For this reason we run an experimental field at the intensive agricultural used Querfurt
Plains to record the on site situation. At this side (see fig 4) we test in close cooperation with AMAZONE
Agricultural Machinery Company the effects of cultivation methods on physical properties of soils. Tillage
operations, crop rotations, fertilisation and pest management are discussed and agreed with the farmer.
The test site is managed with 5 tillage operations of different intensity starting with conventional tillage
(plough) and ending with no till (see left side of the figure). Soil physics and soil water content is recorded
biweekly manually at 5 depths. At the extreme plots (plough, no till) we record soil water content and
tension traction permanently at 3 depths (see right side of the figure). Volumetric soil water content is
measured with FDR technique and tension traction by pf-meters in sub daily time steps.

Fig. 4. Experimental field at the Querfurt Plains

As well we map plant parameters at the growing season, yield and also possible soil erosion indicators.
All collected data are presented to the farmer and the AMAZONE Company. All project partners discuss
the results together and plan the activities for the next season. This leads in our opinion to high transpar-
ency and acceptance by the farmers.

The off site effects were measured at the main tributaries of the Salza catchment (figure 5). This re-
search focuses on discharge dynamics, sediment and nutrient load. Long term discharge data are pro-
vided by the Regional Water Authority. With different sampling strategies we take random and composite
samples and estimate average and event based nutrient loads of the small rivers.

Load estimations are carried out regarding to the sampling strategy (Gurpal et al. 2008, King et al.
2005, Schmidt & Friihauf 2001, Webb et al. 1997). The results were correlated with water content and
runoff generation at the test sites on one side. On the other side we focus our research to low flow peri-
ods. These are important to asses the effects of climate and land use change on aquatic biocenosis.
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Stakeholder involvement began at a
very early stage. Our research is carried
out at the property of a farmer. So we
have explained him our research idea,
the methodical concept and the practi-
cal needs. Tillage operations, crop
rotations, fertilisation and pest man-
agement are discussed and agreed with
the farmer. All results were presented
and discussed at regular meetings.

The climate change projections for
the Central German Dry Region show
that the development is directed to a
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Fig. 5. Gauge UnterriRdorf at the Bdse Sieben brook

continental steppe climate. Hence we established our research also in some regions of the Eurasian
Steppe Zone with test sites in Ukraine, Bashkir Republic and the south Siberian KULUND Steppe (see
figure 6). Our research focuses beside the analyses of impacts of tillage operations on soil physics and
soil water balance also on the development of humus stock in steppe soils. Regarding climate change
agricultural managed steppe soils have a great potential of carbon sequestration (Houghton 1995, Friihauf
& Meinel 2004, Friihauf & Meinel 2006, Fan et al. 2007). Soil Carbon is one of the main steering factors of

the soil water balance.
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Fig. 6. Investigation areas at the Eurasian Steppe Zone
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Results

While the projects are still running final results couldn’t shown yet. But the results show already at the
recent stage interesting developments in soil water content as well as in discharge and sediment load of
the small rivers.

The research shows increasing average soil water content under not till based on the biweekly meas-
urements (figure 7). Hence results higher water availability for plant nutrition and based on this higher
yields under no till. Such effects are also shown by the investigations of LAFOND & DERKSEN (1996) at
the Canadian Steppes.

Soil water content under different tillage operations
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Fig. 7. Soil moisture under different tillage operations at test site Querfurt Plains

The analysis of data of permanent soil water content measurements with high resolution at the plots
with no till and conventional till shows a differentiated picture in function of depth. While the soil water
content at the top soil of the ploughed plot is much higher than at the no till, the deeper layers show the
opposite situation. Figure 8 shows the soil water content by time over two years at the top soil layer. We
expected always higher soil water content under no till. The situation shown in the figure below could be
explained by soil compaction as effect of ploughing. The ploughing reaches a depth of 30 to 35 cm. This is
the soil compaction layer that avoids or reduces infiltration to the deeper soil layers. Infiltration water
accumulates at the top layer, the pore volume will be filled up quick and the risk of runoff generation and
overland flow is very high. The infiltration capacity of the soil under no fill is much higher caused by pref-
erential flow in macro pores. Water has better opportunities to percolate into deeper soil layers. The risk of
runoff generation is much lower.
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Fig. 8. Sail water content of top soil at Querfurt plains test site

Setting the focus on deeper soil layers soil water content under different tillage operations is reversing
(figure 9). During time the gap between the two plots increases remarkably as well.

The reason for that again could be seen in the much better pore structure of the soil under no fill. This
soil is able to infiltrate a bigger amount of water by time than the one under ploughing. The peaks in the
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Fig. 9. Soil water Content at 90 cm depth at Querfurt Plains test site
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graph of the no till plot show as well the reaction of soil water content on rainfall events. We couldn'’t find
these at the ploughed one. The two smaller peaks show the alleviated and delayed reaction on rainfall.
Interesting is the fact, that the soil water content decreases during crop maturity under ploughing to the
level of the previous year. Under no till the water content kept staying on a much higher level. Focussing
on these results no till measures improve the soil water capacity and help to provide more water to plant
nutrition. No till measures are applied in the region since the middle of the 90ies with increasing acreage.
The effects of this change in management on landscape water balance are not investigated up to now.

The discharge analysis at the gauge UnterriRdorf at Boese Sieben brook shows besides the decreasing
of average flow also increasing low flow durations (figure 10), decreasing of yearly low flow and increasing
discharge magnitudes (figure 11).
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Fig. 10. Duration of low flow periods of Bose Sieben brook

Bdse Sieben brook was fed in the eighties by a huge amount of wastewater from the regional settle-
ments. This is the reason why we did not register low flow days. The waste water input did increase the
Discharge over average low flow artificially. After the German reunification big efforts was made to trans-
fer the waste water out of the catchment. This reduces the discharge step by step to a more natural level.
Beginning with the 90ies the first low flow days in the area could be counted. The new waste water
scheme was already finished in 2004. But the number of days with low flow is still increasing.

The changes in the hydrological system find their expression also in the hydrological magnitude (figure 11).
The relation between Peak flow and low flow also increases slightly over the last 40 years.

Up to now the reasons for these changes in the hydrological system of the area are not known yet. Fur-
ther investigations will focus on the possible steering factors of this development. The role of climate
change, land use and land use adaptation in this connection is to clarify.

With respect to the implementation of our research results we follow a versatile strategy. One activity is
the close cooperation with farmers and manufacturers, where we plan and organise research work at the
field on one side and present the results on the other. In addition to that we organise in close cooperation
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Fig. 11. Yearly discharge magnitude of Bose Sieben brook

with regional authorities and institution information workshops with focus on climate change, adaptation
strategies and land us impacts on landscape balance. One of the recent results of these efforts is the
presentation of a practical handbook about soil erosion in Saxony-Anhalt, which especially focuses on
questions of soil and water protection (Helbig, Méller & Schmidt 2010).

Conclusions

The adaptation on climate change is one of the big future challenges in agriculture of the Central German Dry
region. Agriculture is here limited by the stressed water balance and further changes in the inner annual water
availability for plant nutrition. Agricultural management adaptation focuses on the improvement of physical soil
properties and soil water capacity to secure water supply for plant growth. The effects of this strategy on land-
scape water balance are still not sufficiently investigated and discussed. Our research focuses on the soil water
balance and the effects of increasing water availability for plant nutrition on evapotranspiration, runoff generation
and river discharge. Decreasing discharges are counterproductive to the efforts that have to be made to meet
the targets of the European Water Framework Directive. In that could be seen challenges of further adaptation
to climate change and land use optimisation regarding to the targets of the WFD.
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