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A cost-efficient solution to reduce agricultural
P load to the Baltic Sea?
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Gypsum amendment
• Dramatically reduces phosphorus losses from agricultural fields on clay
soils
• Performance verified at a laboratory, field and catchment scale in
Finland
• Feasibility for extensive use piloted in the SAVE project* (2016–2018)
• The SAVE2 project* (2019–2020) studies long-term effect of gypsum and
develops international research collaboration in the Baltic Sea region
• The River Vantaa Gypsum project (2018–2020)**
• A large-scale application started in the catchment of the Archipelago
Sea as part of the programme to promote water protection by the
Finnish government

*University of Helsinki and Finnish Environment Institute, funding from the Finnish Ministry of the Environment
**John Nurminen Foundation, funding from the Finnish Ministry of the Environment and from the private sector

Gypsum (CaSO4 · 2H2O)
•
•
•
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•

Natural mineral and side product of
fertilizer industry
Multiple other sources: energy industry,
waste, sugar industry
Traditionally used as a soil improvement
agent
Gypsum must be free from Cd and other
harmful substances
– Problem with sedimentary apatite

How gypsum works?
CaSO4 · 2H2O

Agriculture
• Lots of calcium and sulfur, a little phosphorus
• Selenium uptake temporarily reduced
• Soil structure may increase

Ionic strength of soil solution increases
Ca2+ SO42−
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Particles can come closer
→ aggregation
→ less prone to erosion
→ less particle-bound phosphorus to water

After

Dissolved phosphorus will also be reduced, phosphorus being available to plants
No effect on pH (unlike lime, CaCO3)
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The SAVE project
Extensive pilot in southwestern Finland

•
•
•
•

55 farms, 1559 ha
4 t/ha gypsum (in total 6 270 000 kg)
144 truck loads
Spreading after harvest using lime or
manure spreading equipment

SAVE catchment intensively monitored
Control area (no gypsum)
Gypsum area
•
43% fields amended with gypsum

• Quality and quantity of runoff
• Online sensors (hourly recording)
• Manual sampling
• Groundwater
• Soil
• Vegetation
• Ecological effects on riverine biota
• Farmer’s attitudes

Less phosphorus and organic carbon
from gypsum amendment fields
Field
experiments +
artificial
rainfall1

TraP project2

SAVE project
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Before gypsum
Mean 11 mg/l
4.9–22 mg/l

Spreading of gypsum started

Sulfate concentration (mg/l)

Sulfate concentration in runoff

After gypsum
Mean 32 mg/l
5.7–320 mg/l

Lower gypsum area

Control area

•
•

About 25% of gypsum flushed away in 1.5 years
At this pace, gypsum would be entirely washed away in 5–6 years

Kuvat: Eliisa Punttila, Riikka Mäkilä

Soil and vegetation

•

•

An increase in electric
conductivity and sulfur
concentration
No major changes in ion balance

•
•

An increase in sulfur concentration
Selenium should be monitored

Desired effect

Less particulate P and
dissolved P

Less algae

Major restriction:
No gypsum in catchments with lakes
Sulfate + nutrients

More algae
Sulfate-mediated eutrophication of freshwaters (Smolders &
Roelofs, 1993)
• In eutrophic sulfate-poor standing waters, sulfate may reduce
the ability of bottom sediments to capture P
• There is no threshold levels of sulfate and primary productivity
• Probability the lower the more oligotrophic the system and the
less sulfate concentration is increased

PO4
Iron oxides~PO4
Anaerobic mineralisation in sediments
SO4 + organic C → H2S + CO2

Iron sulfides

Smolders AJ Roelofs JGM. 1993. Sulphate-mediated iron limitation and eutrophication in aquatic ecosystems. Aquat. Bot. 46: 247–253.

Potential land area for gypsum application
• The eligible land area (yellow) in
Southern Finland up to 540 000
ha of arable fields
• Areas not eligible
– Lake catchments
– Acid sulfate soils
– Sensitive ground water areas
– Natura 2000 sites

Pros and cons
Advantages
•
Immediate and large reduction in P load
•
Can be used on a large field area
•
No special knowledge and farm-specific requirements needed
•
Non-productive investment – can be included in the EU support payment system
Challenges
•
Logistics, organization
•
Impact temporary only (about 5 years)
•
2–3 gypsum treatments for 10–15 years needed to ensure that P application limits will
reduce soil P and thereby loads
•
Availability of gypsum free of Cd and other harmful substance
Gypsum may not be applicable
•
Organic farming (no industrial-based gypsum)
•
Ground-water areas (precautionary principle)
•
Soil low in Mg or K (under study)
•
Autumn no-till (germination)
•
Acid sulfate soil (may not be needed, bt cause Al and H leaching)
•
Winter spreading (under study)

The effect of gypsum on P loads: Finland
River basin

Arable land
(ha)

Eligible land
area (ha)

P-reduction
(t/v)

P- reduction
target (t/v)

Bothnian Sea

680 000

240 000

132

60

Archipelago Sea

220 000

150 000

98

100

Gulf of Finland

480 000

150 000

83

170

1 380 000

540 000

312

330

Yhteensä

Application on eligible fields, would reduce P loads by 300 t for 5 years
Cost of P reduction: about 60-70€/ton of reduced phosphorus
• Cheaper than the currently used measures
• Short-term measures in Finland 30% reduction: marginal costs more
than 220 €/ton
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Farmers’ experience is positive
•

Motives of participation in the gypsum pilot
•
•
•
•

•

Gypsum application
•
•

•

No serious problems in spreading (favorable dry Fall for spreading)
Few farms (4-21%) had some minor problems during some stages of logistics
or spreading (e.g. delivery came late)

Observations a year after application
•
•
•

•

To improve the environmental reputation of agriculture
To support research on new water protection measures
To improve the quality of local waters
Curiosity on the use and impacts of gypsum amendment

No yield penalty; higher yields for some (e.g. spring crops 21%)
Soil quality improved on some fields: ploughed fields (44%) and reduce tillage
(35%)
No negative impacts on fields perceived

Opinions on application at national scale
•
•
•

70% recommends using gypsum to other farmers
77% are willing to use gypsum again
72% stated that local people have a positive stance on gypsum
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The effect of gypsum on P loads: Baltic Sea
Country
Finland
Denmark
Poland
Sweden
Total

P loads from Load from clay P-reduction
soils
agriculture
(t/v)
1 700
1 190
300
500

350

100

5 200

3 540

1 040

600

420

120

8 000

5 500

1560

Reduction potential in the Baltic Sea region
• Preliminary estimate: reduction of P 1500 tons
• Makes 10 % of BSAP reduction target for phosphorus
• Soils tests in BS countries needed to confirm actual reduction
potential
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Next steps
Testing gypsum amendment in other BS countries
• We search for research groups for joint research
• Funding may be possible
Inclusion in the agri-environmental programs
• Benefits are great and gypsum amendments should be
supported by these programs
• We promote inclusion in the CAP policies
Publications
Kosenius A-K and M. Ollikainen 2018. Drivers of participation in gypsum treatment of fields as an
innovation for water protection. Ecological Economics: 157:382-393
Ollikainen M, Kosenius A-K, Punttila E, Ala-Harja V, Puroila S and Ekholm P. 2019. Gypsum
Amendment of Arable Fields – Farmers’ Experience from a Large Scale Pilot. Manuscript.
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The SAVE project
Gypsum information
• Ollikainen, M; Ekholm, P.; Punttila, E.; Ala-Harja, V., Riihimäki, J., Puroila, S.; Kosenius, A-K & Iho, Antti.
2018. Gypsum amendment of fields as a water protection measure in agriculture,
https://blogs.helsinki.fi/save-kipsihanke/files/2019/02/SAVE-Infopackage-of-Gypsum-Amendment.pdf
• Gypsum treatment of fields enhances water protection in agriculture, University of Helsinki Press
release, 25 May 2018: https://www.helsinki.fi/en/news/life-science/gypsum-treatment-of-fieldsenhances-water-protection-in-agriculture
• NutriTrade Policy brief no 1: Gypsum amendment of fields: a cost-efficient measure for the Baltic Sea
Water quality benefits and feasibility for large scale use in agriculture, 25 May 2018:
http://nutritradebaltic.eu/wp-content/uploads/sites/34/2018/05/NutriTrade-Policy-Brief-1-GypsumAmendment-and-Large-Scale-Use.pdf
• NutriTrade Policy brief no 2: Gypsum amendment of fields: a cost-efficient measure for the Baltic Sea
Including gypsum in the Agri-Environmental Policy, 25 May 2018: http://nutritradebaltic.eu/wpcontent/uploads/sites/34/2018/05/NutriTrade-Policy-Brief-2-Gypsum-Amendment-and-Policy.pdf
Contacts
• Markku Ollikainen, markku.ollikainen@helsinki.fi
Petri Ekholm, petri.ekholm@environment.fi
Venla Ala-Harja, venla.ala-harja@helsinki.fi

