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Gypsum as a soil amendment to enhance water quality

by reducing soluble phosphorus concentrations

David Kost, Joe Nester, and Warren A. Dick

t is said that lakes are born to die.As soon
as a lake basin is formed, either slowly
by glacial action as for the Great Lakes
or rapidly by the New Madrid earthquake
for Reelfoot Lake, Tennessee, in 1811 to
1812 (USGS 2012), it fills with water.
It then begins to accumulate sediments
and nutrients, including phosphorus (P),
that increase productivity. This ultimately
results in the lake basin filling with sedi-
ments and organic materials. The Maumee
River drainage basin (area of 21,050 km?
[8,132 mi?|) on the western edge of Lake
Erie occurs primarily in Ohio but also
includes parts of Indiana and Michigan
(figure 1). The basin has high agricultural
productivity, with approximately 80% of
the land devoted to row crop corn (Zea
mays L.) and soybeans (Glycine max [L.]
Merr.). The Maumee River 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 agricultural fields often
contains excessive P that impacts water
bodies in a process called cultural eutro-
phication (National Academy of Sciences
1969). Beginning in the 1950s, Lake Erie
was strongly affected by cultural eutrophi-
cation (Verduin 1969). In the 1960s there
were large blooms of the cyanobacterium
(“blue-green algae”) Microcystis and the
attached green alga Cladophora. Microcystis
and other cyanobacteria produce toxins
that can harm humans and other animals
that contact or ingest tainted water.
Beginning in the 1960s, strong eftorts
were expended to reduce P input to
the lake. These included banning phos-
phates (PO,) from detergents, upgrading
the treatment of sewage and other point
sources of P, and adopting conservation
tillage in agriculture to reduce erosional

David Kost is a research associate, Ohio Ag-
ricultural Research and Development Center,
Ohio State University, Wooster, Ohio. Joe Nest-

er is director of Nester Ag, Bryan, Ohio. Warren
A. Dick is professor emeritus, Ohio Agricultural
Research and Development Center, Ohio State
University, Wooster, Ohio.

JAN/FEB 2018—VOL. 73, NO. 1

Figure 1

(@)

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

input of P attached to soil particles. These
practices resulted in decreased blooms
during the 1970s.

The return of cyanobacterial blooms to
the western Lake Erie basin around 1995
implicated nonpoint sources, including
agricultural runoff, as sources of P enter-
ing the lake. Since 1995, there has been a
bloom in the western basin each year. In
2011, the city of Toledo, Ohio, spent several
thousand additional dollars per day treating
water affected by cyanobacterial blooms.
In 2013 the entire surface of the lake was
covered with algal blooms, and in August
of 2014, a toxic bloom in western Lake
Erie led to a two-day drinking water ban
in Toledo. Although considered less severe
in 2016 than in some recent years, the algal
blooms caused by Microcystis cyanobacteria
are still clearly evident (figure 1).

Drainage of water from fields via tile is
extremely important in managing fields
in the Maumee River watershed because
of the cool humid climate and high water
tables. Without subsurface (tile) drainage,
row crop agriculture would be extremely
limited. There 1s a clear connection
between tile flow and nutrient move-
ment from fields. Smith et al. (2015) have
reported that treating only surface water
runoff would not achieve the goal of 41%
reduction 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 fields
occurred through tile flow.

Gypsum 1s a good source of calcium
(Ca) and sulfur (S) for plant nutrition and
has several uses as a soil amendment includ-
ing alleviating subsoil acidity, ameliorating
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excess soil sodium (Na), and improving
soil water drainage (Dick et al. 2008). Flue
gas desulfurization gypsum is produced by
coal-burning power plants when the flue
gases are scrubbed with a limestone slurry
to remove sulfur oxides. This gypsum also
has the ability to reduce soluble reactive
P, the form that causes eutrophication, in
agricultural runoff by precipitating some
of the P without causing a strong effect
on soil test P (i.e., the P that is available
to crops) (Stout et al. 2003; Brauer et al.
2005). A recent report clearly established
the potential of using gypsum as a soil
amendment to mitigate or reduce soluble
P runoft from agricultural soils (King et
al. 2016). This article provides additional
information from a larger number of field
sites, but is restricted to only analyses of
tile flow water samples.

APPLICATION OF GYPSUM AS A
SOIL AMENDMENT

The effect of gypsum soil amendment on
chemistry of tile drainage from agricultural
fields in the Maumee Basin was monitored
from May of 2012 through June of 2015
beginning with three farms in 2012, add-
ing another five farms in 2013, and finally
adding one farm in 2015. Paired fields that
were hydrologically similar were selected
with one field receiving gypsum at 2.24
Mg ha™ (1 tn ac™") and the other serving
as a control. If paired fields could not be
located, a large field was split into three
sections with one section receiving gyp-
sum, a second section serving as control,
and a third section serving as a buffer
between the treated and untreated sec-
tions. Sections of a field were selected by
mapping independent tile drain outlets so
there was no mixing of water from the
treated and untreated sections.

Grab water samples were collected from
the paired areas during rainfall events and
also between events, if possible. Samples
were analyzed for soluble P. For these
preliminary studies, flow rate instrumenta-
tion was not available, and so we can only
report changes in concentrations and not
loads. For a detailed study of the eftects of
gypsum on reducing both concentrations
and loads from a field in Ohio with very
high soil P values, see King et al. (2016).
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OBSERVATIONS RELATED TO EFFECT
OF GYPSUM ON PHOSPHORUS
CONCENTRATIONS IN TILE FLOW

Soluble P concentrations (mg L) in tile
water samples for all sites combined from
May of 2012 through June of 2015 ranged
from the detection limit of 0.01 to 0.51
mg L', with an overall mean of 0.075 mg
L. Mean orthophosphate concentration
was 0.055 from gypsum-treated fields and
0.086 from untreated fields. Mean concen-
tration was lower on gypsum-treated versus
untreated fields for six of nine sampled
farms. For 89 sampling events, P was lower
on gypsum-treated fields for 58 events, was
lower on untreated fields for 24 events, and
was not affected by gypsum for 7 events.
The critical value of soluble PO, for sup-
porting massive algal blooms is 0.015 mg
L. Orthophosphate concentrations in tile
water were less than this critical value for
17 events on gypsum-treated fields and 14
events on untreated fields.

Soluble P reductions were calculated from
87 sample pairs. Positive percentage reduc-
tion indicates that concentration was lower
on the gypsum treated field than the control,
and negative percentage reduction indicates
the concentration was higher on the gypsum
treated field than the control. Positive reduc-
tions were observed for 65% of the samples,
with a maximum reduction of 93%.

Figure 2 shows a scatter plot of paired
sample P reductions for 87 sampling events
as a function of the soluble P concentra-
tions measured on the control fields. The
effect of concentration on P reduction is
clearly evident. Below 0.1 mg L™, the data
are widely scattered, with reductions rang-
ing from —83% to +85%. This scatter likely
reflects natural variability at low concen-
trations and analytical accuracy near the
detection limit. At concentrations above
0.1 mg L™, 27 of the 28 data pairs exhibited
positive values, with reductions between
20% and 93%. This result is significant in
the fact that gypsum is most effective in
reducing soluble P levels when they are at
the high end of concentrations where their
environmental impact is greatest.

Gypsum 1is considered a slightly solu-
ble salt. This allows the gypsum to react
rather quickly with soluble P and thus
reduce the P concentrations. It also allows
the Ca and S in the gypsum to move
downward into the soil profile where it
can help improve soil chemical, physical,
and biological properties. Often these are
the main reasons farmers apply gypsum
to their fields. The disadvantage of this
solubility is that the impact of the gyp-
sum to control soluble P concentration
will decrease with time as the gypsum is
flushed from the surface or surface layer

Figure 2
Percentage reduction in soluble phosphorus (P) concentrations on the gypsum-treated
fields compared to soluble P concentrations in the control (i.e. untreated fields).

100

o : "
80 f, . ~
& [ ] ® [ ] °
60 —5_ee®* —i5 ®
D @ e ® ° ®
% . - ]
< 40 ° " ' o. — ™ .
é ‘.00 i [ ] "
c 20 e ® °
_% 0 e ° =o -
3 :.' ® $
o 20 -
4 o
[ ]
—40 .
-60
® [ ]
-80 % =
-100
0.0 0.1 0.2 0.3 0.4
Soluble P concentration (mg L)

JAN/FEB 2018—VOL. 73, NO. 1

U INO|
o] J/((J;JQ

V22 (T)E. UoITenesuo) e\ pue |I0S Jo [e
11005 UOIIeAIBSUOD JBYeM pUe |10S 8T0Z ® U

BI0'SONS" MMM Y,
611 v

"ponJesal SIyPI

23A


http://www.swcs.org

24A

of soil where it is most eftective in reduc-
ing soluble P concentrations.

To evaluate the change in gypsum
effectiveness over time, reductions in P
concentrations versus days after gypsum
application are plotted in figure 3.Although
scatter in the data is clearly observed, the
regression coefticient of 0.02063 is at the
p < 0.04 level of significance. The best-fit
equation of a line for these data in figure
3 1s y = 43.85 — 0.02063x, where y is the
percentage reduction in P concentration
and x is the number of days since gypsum
application. For each day after gypsum
aftected
by gypsum application are reduced by
0.021%. Thus, after 100 days, the gypsum
effect on P concentrations in tile drainage
water is reduced by 2.1%, and after 1,000
days the gypsum effect is reduced by 21%.
It is clear that the gypsum effect is still
evident even three years after application,
although the effectiveness is diminished

application, P concentrations

and reapplication may be required.

The relationship between P concen-
tration reductions and days since gypsum
application (figure 3) would have been
greatly improved if the data could have
been grouped by flow rate categories, e.g.,
baseflow versus storm flow.

Figure 3

after gypsum application.
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CONCLUSIONS

The results from the field studies reported
here and the work reported by King et
al. (2016) clearly indicate that the use of
flue gas desulfurization gypsum for reduc-
ing P concentrations and loads from fields
needs to be further studied and evaluated.
At the least, since more and more farmers
are applying gypsum as a soil amendment
to improve their soils and crops, the addi-
tional water quality benefits need to be
quantified. Additional studies could also
lead to improved management strategies
that would enhance the overall effect of
gypsum on reducing P losses from soils as
our preliminary data have shown that gyp-
sum, at least in the first year or two after
application, can achieve the 41% reduction
in P losses from fields, and thus also pos-
sible P loadings into Lake Erie.
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