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Good practice: Water management in acid sulfate soils
About this good practice
After the last ice-age Finland’s coastal zone was covered by the Litorina Sea, an early stage of the Baltic Sea. The sediments that were deposited in the Litorina Sea are in many places fine-grained, muddy, and sulfur-bearing. These soils now cover up to 3 000 km2 of the coast of Finland mainly in low-lying agricultural and peat areas. Broad land areas rose from the sea due to isostatic land uplift, and now they are utilized for varying land-use and drainage practices. Intensified forestry and agricultural drainage, especially subsurface drainage, has exposed these sulfur-rich sediments to atmospheric oxygen, which leads to the formation of sulfuric acid in the soil, which in turn dissolves metals from the surroundings. This creates highly acidic and metal-rich runoff water, causing ecological degradation of water bodies especially in western Finland. 
Acid sulfate soils are the main cause of acidity and metal loading in rivers and estuaries on the west coast. The requirements of EU’s Water Framework Directive cannot be met in this region the by the year 2027 because of the acid sulfate soils. In addition, climate change may dramatically increase leaching of metals and acidity from soils having naturally high sulfur- and metal storages. The lowest annual pH levels in rivers located in acid sulfate soil areas are typically between 4.5 and 5.0. Occasionally, the minimum pH can even drop below 4.5. The effects of acidity particularly impact benthic fauna, fish populations, and water supply.
Acid sulfate soils are very fertile, but cultivation requires drainage and over time, the groundwater level drops due to drainage and varying weather conditions. Measures to combat acidity aim to reduce the environmental harm caused by overly efficient soil drainage, and these measures are mainly targeted at agriculture.
One particularly effective measure is preventing the lowering of the groundwater level by adjusting drainage conditions or by constructing and operating controlled drainage and irrigation systems. Additionally, guidance and increasing awareness of the presence of acid sulfate soils and their harmful effects on aquatic environments is essential in areas where soil acidity occurs.
In controlled drainage, control wells are installed in collector drains, and the amount of water flowing from them is regulated using various damming devices. The number of control wells depends on the slope of the land surface and the structure of the drainage system. Peat soils, in particular, benefit from controlled drainage, as they leach more nutrients into water bodies than mineral soils. Even a partial rise in the water table is worthwhile to reduce nutrient runoff, acid and metal discharges, and iron precipitates. Keeping the water table close to the surface limits the activity of decomposer microbes and reduces greenhouse gas emissions as well as nutrient release. Controlled drainage would be most beneficial on thick peat fields, as a high water table slows peat decomposition and serves as an effective emission reduction method.
In addition subirrigation, i.e. the introduction of additional water into the drainage system through a control well, has proven to be beneficial for both crop yield and acidity prevention. Dams (case SB DAM) placed in main drains can also reduce the risk of drought and reduce the impact of acidic sulfate soils on water quality. The dammed ditch also serves as a reservoir for irrigation water.
Resources needed
According to the River Basin District Management Plan for the river basin district of the river Kokemäenjoki-Archipelago Sea-Bothnian Sea 2022-2027 the amount of needed investments to combat acidity in the district is ~ 224 000 € and operating and maintenance costs ~102 000 €/year.
Measures in agricultural areas are linked to funding opportunities under the EU's Common Rural Policy (CAP) national programme. In Finland farmers can apply CAP-funding for implementing controlled drainage but the measures are voluntary, and this is why implementation is lagging. Farm-specific advice on acidity control can effectively tailor acidity control measures that are appropriate for each landowner and region and more resources are needed to make this happen.  
Evidence of success
According to the interim report "Guidelines for reducing the harm caused by acid sulphate soils until 2020", the implementation of the strategy for reducing the harm caused by acid sulphate soils (2011) has progressed well overall. Awareness of acid sulfate soils has increased, especially through mapping, but also through several research and study projects and guides. The strategy has been taken into account in national and regional programmes and support systems. The main lines of action of the strategy are also still relevant.
Methods of reducing the load have been studied and awareness has been raised and increased in several projects, for example Precikem, Vimla and Kliva projects.
Potential for learning or transfer 
In 2011, the Ministry of Agriculture and Forestry and the Ministry of the Environment approved a strategy to reduce the harm caused by acidic sulfate soils by 2020. The strategy aims to reduce the harm caused by acidic sulfate soils and to promote and support the implementation of River Basin Management Plans. Awareness of acid sulfate soils has increased since adoption of the strategy (2011), especially through mapping, but also through several research and survey projects and guides.
To reduce the diffuse load of nutrients to water bodies it is important to focus on measures in agricultural and forestry areas in the catchments. Farmers and landowners play a crucial role in water management and land use in catchments. Methods can be transferred to the areas of ​​the old Litorina Sea, i.e. the countries around the Baltic Sea. Methods for water management and landowner involvement are also needed more generally. It is also important to keep implementing the knowledge and findings from new research projects into good practices regarding the handling of sulfidic soils.
Key success factors for transfer include establishing landowner contacts.
Further information
https://www.precikem.eu/en/
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