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Background

* Phosphorus load from Finland to the Baltic Sea
e About 3500 tons per year

e Should be decreased by 440 tons per year to meet the goals of marine
strategy
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Gypsum — From laboratory to large-scale measure
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Pros of gypsum amendment

©Immediate effect
e About 50% reduction in
e Runoff turbidity
* The losses of
* Suspended solids, particulate phosphorus
e Some reduction in the losses of
e Dissolved phosphorus, dissolved organic carbon

©Suitable for large field areas
® Fine-textured soils
® No major agronomical restrictions

® Allows time for slower measures to work (legacy phosphorus)

©Several gypsum sources
* Phosphogypsum, flue-gas desulfurization gypsum, natural gypsum, recycled gypsum
* Must be free from harmful substances and not contain too much phosphorus

@ No negative effect on the quality or quantity of yield
e Farmers have reacted positively
* Lots of calcium (777 kg/ha) and sulfur (622 kg/ha)
e Soil structure may improve

@ No harmful effects on riverine biota (sulfate)
* Mussels, mosses, fish tested



cons of gypsum amendment

. Should be used with carein
* Catchments upstream of lakes

* Sulfate may accelerate
eutrophication of lakes and
reservoirs

*  Soils low in magnesium or potassium
* (Cation exchange reactions

*  Ground-water areas (if leaky soils)
* Groundwater legislation

e Moderate increase in sulfate
harmless to humans and structures

* Natura 2000 sites
Selenium in crops decreases at first
Temporary impact (about 4-5 years)

CaSO, - 2H,0
Ca?t
Ca%
S0,
SO, Na*
Mg K+



Tattari et al. 2012. Mapping erosion- and phosphorus-vulnerable areas in the Baltic Sea
Region — data availability, methods and biosecurity aspects. MTT Report 65.

Can gypsum work in other Baltic Sea countries?
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Figure 4. Clayey areas identified as FAO soil class Cambisol with EU soil map.
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as 2 lake basin is formed, either slowly
by glacial action as for the Great Lakes
or rapidly by the New Madnd earthquake
for Reelfoot Lake Tennessee, in 1811 to
1812 (USGS 2012), it fills with water.
It then begins to accumulate sediments
and putments, includng phosphorus (),
that increase productvity. This wltimately
results In the lake basin filling with sedi-
ments and organic materials The Maumee
Ruver drainage basin (area of 21,050 km’
[8,132 nu) on the western edge of Lake
Ene occurs primanly m Ohio but ako
includes parts of Indiana and Michigan
(Sgure 1). The basin has high agriculrural
producavity, with approximately 80% of
the lind devoted to row crop corn (Zex
mays L) and soybeans (Glyane max [L]
Merr.). The Maumee Raver drains into the
shallow western basin of Lake Erie and
contributes most of the sediment and one-
third of soluble P that enters Lake Erie.
Runoff from agriculural Selds often
contins excessive P that impacts water
bodies in a process called cultural eumo-
(T ‘mw A A, o o{ [
19691 Begmmng m the 19:05 Lake Ene
was strongly affected by cultural eutrophi-
caton (Verdwn 1969). In the 1960s there
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Gypsum as a soil amendment to enhance water quality
_by reducing soluble phosphorus concentrations

Figure 1

(@)

(a) Maumee River watershed and (b) Microcystis cyanobacteria bloom in western
Lake Erie on September 20, 2016 (NOAA 2016).

were large bl of the cyanobacterium
(“blue-green algae™) Miooysts and the
artached green alga Cladophora. Micocysts
and other cyanobacteria produce toxins
that can harm humans and other animalks
that contact or ingest tinted water.
Beginning in the 1960s, strong effors
were expended to reduce P input to
the lake These included banning phos-
phates (PO,) from detergents, upgrading
the eatment of sewage and other point
sources of P, and adopdng conservadon
ullage in agriculture to reduce erosional
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input of P arached to soil pardcles. These
practces resulted in decreased blooms
during the 1970s.

The return of cyanobacterial blooms to
the western Lake Erle basin around 1995
implicated nonpoint sources, inchuding
agncultural runoff, as sources of P enter-
ing the lake Since 1995, there has been a
bloom I the western basin each year. In
2011, the city of Toledo, Ohio, spent several
thousand addidonal dollars per day eating
water affected by cyanobacterial blooms.
In 2013 the entre surface of the lake was
covered with algal blooms, and in August
of 2014, a taxcic bloom In western Lake
Erie led to a two-day drinking water ban
m Toledo. Although considered less severe
in 2016 than in some recent years, the algal
blooms caused by Migocysds cyanobacteria
are sall clearly evident (Sgure 1).

Drainage of water from fields via dle is
extremely important in managing felds
in the Maumee River watershed because
of the cool humid climate and high water
tables. Without subsurface (tle) drainage,
row crop agriculture would be extremely
Lmited There s a clear connection
berween cle fow and numient move-
ment from felds. Smith et al. (2015) have
reported that treating only surfice water
runoff would not achieve the goal of $1%
reducton in P loading into Lake Erie. In
the St. Joseph River watershed, a tributary
of the Maumee River, 48% of the total P
and 49% of the soluble P losses from felds
occurred through tdle flow.

Gypsum 1s 2 good source of calaum
(Ca) and sulfur (S) for plant nutrigon and
has several uses as a soll amendment includ-
ing alleviatng subsoil acadity, amekorating
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Meta-Analysis of Gypsum Effects on Crop Yields and Chemistry of Soils,
Plant Tissues, and Vadose Water at Various Research Sites in the USA

David Kost, Ken J. Ladwig, Liming Chen, Tom M. DeSutter, Leo Espinoza, L. Darrell Norton, Dan Smeal,
H. Allen Torbert, Dexter B. Watts, Richard P. Wolkowski, and Warren A. Dick*

Abstract

Gypsum has a long history as a scil amendment. Information on
how flue gas desulfurization (FGD) gypsum affects soll, water, and
plant properties across arange of climates and soils is lacking. We:
conducted a meta-analysis using data from 10 field sites in the
United States (Alabama, Arkansas, Indiana, New Mexico, North
Dakota, Ohio, and Wisconsin). Each site used three rates each of
mined and FGD gypsums plus an untreated control treatment.
Gypsum rates included a presumed optimal agronomic rate
plus one rate lower and one rate higher than the optimal

G\’PSL‘M (CasO_2H_0) is a quality source of Ca and
S and has many bencficial uses in agriculeure (Wallace,
1994). The most fundamental agriculcural use for
gypsum is to provide Ca and § for plant nutrition, and this occurs
any time gypsum is used 15 a soil amendment. Some additional uses
of gypsum include (i) diatingsodic soils by displacing Na wich
Ca (Mao cral, 2016); (ii) amclioraing subsoil xld:n (Shunbcrg
ctal., 1989; Sumskr, 1993) by displacing AP* with Ca™ followed
by the AI* combiningwith SO * from gypsum to form a less toxic
endy: (iid) serving as an d:ctrohtc SOUICE 10 PrOMOLE TAINWATET

¥ and reduce soil swelling, dispersion.

Gypsum was applied once at the beginning of each sluay and
then data were collected for 2 to 3 yr. The lyses used
response ratios (R) calculated by dividing the treatment value by
the control value for crop yield or for each measured element in
plant, soil, and vadose water. These R values were tested for their
significance with Z values. Most R values varied only slightly from
1.00. Gypsum significantly changed more R values from 1.00 for
wvadose water than for soil or crop tissue in terms of numbers of
elements affected (11 for water, 7 for soil, and 8 for crop tissue).
The highest R value for soil was 157 (Ca) which was similar for
both mined and FGD gypsum, for crop tissue was 1.46 (51}
for mined gypsum, and for vadose water was 4.22 (S) for FGD
gypsum.The large increase in Ca and S s often a desired response
to gypsum application. Lowest R values occurred in crop tissue
for Mg (0.89) with FGD gypsum and for Ni (0.92 or 0.93) with both
gypsums. Although some sites showed crop yield responses to
gypsum, the overall mean R values for mined gypsum (0.987) and
for FGD gypsum (1.00) were not significantly different from 1.00
in this short-term study.

Core Ideas

= Meta-analysis was used to evaluate gypsum treatments at 10
sites within the United States.

- Response ratios were calculated for crop yields and chemistries
of soil, plants, and water.

- Crop yields showed both positive and negative results to gypsum
treatments.

« Most R values for elements varied only slightly from 1.0, meaning
no treatment effect.

- Concentrations of elements in samples were below levels of
environmental concem.
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and crusting (Oster, 1982; Shainberg ct al. 1989; Dontsova and
Norton, 2002); and (iv) reducing wazer-soluble P coming off of
ficlds (Warrs and Torbere, 2009. 2016: Torberr and Wares, 2014;
Kinger al., 2016). These effects have the potential to improve soil
and water quality and also crop yiclds. The sustainable usc of fluc
gas doulfurization (FGD) gypsum was recencly summarized from
a group of 10 papers published in a special section of this journal
(Wiares and Dick, 2014). Two ocher recent and relevant reviews
on the use of gypsum as a soil amendment were authored by Wang
and Yang (2018) and Zoca and Penn (2017).

Increasing volumes of FGD gypsum have become available
for agricultural use duc to clecrricity-producing urilities inszall-
ing forced oxidation scrubbers that produce byproduct gypsum.
‘The USEPA has published a brochure that describes agriculural
uses of gypsum, specifically FGD gypsum, as a soil amendment
(USEPA, 2008). The USDA-NRCS has also published a national
standard related to appropriate use of gypsum for different pur-
poses (USDA-NRCS, 2015). To dare, 20 states have included
the standard for applying gypsum as a soil amendment for pro-
modion of this practice in their state (USDA-NRCS, 2018).
However, continued widespread adopion of FGD gypsum by
farmers and regulatory personnel requires documentacion of its
effectivencss and safery.
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Finnish studies on gypsum
Partly in Finnish
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Gypsum Initiative project
https://johnnurmisensaatio.fi/en/projects/gypsum-

initiative/

SAVE project
SAVE — Saaristomeren vedenlaadun parantaminen
peltojen kipsikasittelylla (helsinki.fi)
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Finnish experiences on structure lime

Preliminary results from a catchment study
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No clear change in dissolved phosphorus or dissolved organic
carbon

Structure lime project, unpublished data




