Impact of FGD Gypsum on Soil
Fertlllty and Soluble P concentratlons

National Soil Dynamics Laboratory
Auburn, AL




Benefits of Gypsum

* Improve soil properties

— Nutrient soil for crops (Ca and S)
— Improve water infiltration
— Control soil erosion and crusting

— Alleviate the effects of subsoil acidity (Al
Toxicity)

* Reduce contaminates in water runoff.
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Sulfur Deposition Trends

US EPA-Clean Air Status
and Trends Network



Figure 2: EPA Projections of SO2 Emissions Through 2035
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Figure 1: Coal Consumption and SO2 Emissions, 1970 - 2008

20,000 1,200,000,000

18,000
16,000
14,000
12,000

10,000

1,000 Tons

8,000
400,000,000
6,000

4,000

1970 1974 1978 1982 1986 1990 1994 1998 2002 2006

===Sulfur Dioxide Emissions (leftscale) = Coal Use (right scale)

Source: Environmental Protection Aaency & Enerqy Information Association.




Results

Ca (g kg™

Depth (cm)
Depth (cm)

Comments: Calcium and sulfur distributions with soil depth indicate that three consecutive
years of surface applied FGD gypsum amendments on no-till cotton have resulted in
significant increases in these essential plant nutrients at depth.

Note: 0, 2.24,4.48, and 6.72 Mg ha-1 correspond to 0, 1, 2, and 3 tons/acre.

Martin Locke - unpublished data




Soil Physical Characterization




Soil penetration

resistance, 2012 - HOR IS e
. Tillage rate middle middle
Milan, TN :

tons/facre = o= kP X 1073 —ooemmee -

* Cone penetrometer
measured integrated total
force required to reach a

Conventional

12-inch depth

Crop row and middle of
row (wheel track and non-

wheel track)
80.8 72.5 90.6

In all row positions,
resistance tended to
decrease in plots treated
with FGD

68.4 68.9 83.0

84.0 75.5 92.3

71.4 71.4 84.3

5 79.1 70.1 88.1

Martin Locke - unpublished data



Conventional till, 0-30 cm

Soil water content during the —
2009 growing season Verona, = T
MS

 Water content was measured with TDR
only in 2009

* CT plots showed little difference until
end of the growing season, when 3
tons/acre FGD held more water

Volumetric water content, %

 NT showed a more consistent advantage
for the 3 tons/acre FGD treatment, with
the difference starting earlier in the - e~ o tonslacre

—&— 1 tons/acre

growing season —a— 3tonslacre

* Slightly higher soybean yields in NT may
have resulted from the increased
moisture

Volumetric water content, %

Martin Locke - unpublished data
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Soil Properties 2010
Treatment pH CEC EC N

meq 100g?  dSm-1 %

Control
Gypsum
Gypsum
Gypsum

FGD

FGD

FGD

FGD + Fly Ash
FGD + Fly Ash
FGD + Fly Ash




Mehlich 3 Extractable Nutrients 2010
Treatment Rate

Control
Gypsum
Gypsum
Gypsum

FGD

FGD

FGD

FGD + Fly Ash
FGD + Fly Ash
FGD + Fly Ash




2008 Bermudagrass Nutrient Concentrations

%N %C

control 17354.3
Gypsum 17988.8
Gypsum 18120.3
Gypsum 19547.7
Fgd 17782.1
Fgd 18016.6
Fgd 17502.2
Fly 18355.3
Fly 17069.1
Fly 18882.0




2009 Bermudagrass Nutrient Concentrations

control 16995.6
Gypsum 17541.5
Gypsum 16055.7
Gypsum 16385.3
Fgd 17270.1
Fgd 17336.1
Fgd 17103.5
Fly 16420.6
Fly 17169.3
FI 16894.9




2010 Bermudagrass Nutrient Concentrations
%N %C P K Ca Fe Mn Mo Na

control
Gypsum
Gypsum
Gypsum
Fgd

Fgd
Fgd
Fly
Fly
Fl
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Water Quality

What is quality of water in the U.S. 2=

* 45% of river miles are impaired
*47% of lake acres,

* 32% of estuarine water is impaired.

Agriculture is considered to be one of
the major contributors to water quality

Phosphorus loss from agriculture

Poultry Industry

— Improper disposal of waste from poultry
Industr







BROILER PRODUCTION BY STATE
NUMBER PRODUCED, THOUSAND, 2009

: Tatal 42 000
A Cther Prodoction States USCAMASS

0420 10

Broiler production during 2009. From USDA National agricultural statistics available at
http://www.nass.usda.gov/Charts_and_Maps/Poultry/brimap.asp.



http://www.nass.usda.gov/Charts_and_Maps/Poultry/brlmap.asp

Gypsum Interaction with Soluble P

 Formation of an insoluble
Ca-phosphate complex

* [nsoluble hydroxyapatite
and fluorapatite

Ca;(PO,);(OH)
Orthophosphate PO,3-

Cai|POI|IF
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Figure 1. Water soluble P concentrations observed on August 14t 2008, in
soil at two depths (0-2and 2-6 inches) amended with gypsum, FGD gypsum,
and FGD gypsum + fly ash applied at 1, 5, an 10 tons acre! and compared
to a poultry litter only control.




Water Extractable Phosphorus
(November 10, 2008)

12 A1

P Concentration (ppm)

P Concentration (ppm)
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Figure 2. Water soluble P concentrations observed on November 10t 2008,
in soil at two depths (0-2and 2-6 inches) amended with gypsum, FGD
gypsum, and FGD gypsum + fly ash applied at 1, 5, an 10 tons acre! and
compared to a poultry litter only control.



Water Extractable Phosphorus
(July 21, 2009)
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Figure 4. Water soluble P concentrations observed on July 21t 2009, in soil
at two depths (0-2and 2-6 inches) amended with gypsum, FGD gypsum, and
FGD gypsum + fly ash applied at 1, 5, an 10 tons acre-t and compared to a
poultry litter only control.




Water Extractable Phosphorus
(October 15, 2009)

P Concentration (ppm)

P Concentration (ppm)
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Figure 5. Water soluble P concentrations observed on October 15t 2009, in
soil at two depths (0-2and 2-6 inches) amended with gypsum, FGD gypsum,
and FGD gypsum + fly ash applied at 1, 5, an 10 tons acre! and compared
to a poultry litter only control.




Water Extractable Phosphorus
(April 30, 2009)

1 5 10 1 5 10 1 5
Control Gypsum FGD gypsum FGD + ash
gypsum

Figure 3. Water soluble P concentrations observed on April 30t 2009, in soil
at two depths (0-2and 2-6 inches) amended with gypsum, FGD gypsum, and
FGD gypsum + fly ash applied at 1, 5, an 10 tons acre- and compared to a
poultry litter only control.
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E.V. Smith Research

Soluble P Concentration in Soil After 3 yearly Applications
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Research in Tampa Florida
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Spreading FGD Gypsum




McMullen Tennis Center
(Non-irrigated Plots)

Soluble P {mg kg%)
o o
w

&
(N

=
=

o

S F S S FE S E
Qs NI Vs s Qs NI Vs Qs NI s N




Measuring Impact of Soil Amendments
on P Runoff




10 Minutes

Manure Application (Tons/acre)




Treatments

Poultry litter was at a rate of 250 kg N ha1

Buffer strips received rates of 0,1,3.2,5.6 Mg ha!
commercial farm grade gypsum







Runoff
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Runoff




Runoff Collection




Percent soluble P reduction

Percent reduction

0 + buffer 1 + buffer 3.2 + buffer 5.6 + buffer

Rate of gypsum Mg ha

Watts and Torbert 2009



Rainfall Simulation Study

2m

i o
HERHE BERRAR MEREAH -

1 = 0-ton FGD, O-ton PL
2 = 0-ton FGD, 6-ton PL
3 = 1-ton FGD, 6-ton PL
4 = 2-ton FGD, 6-ton PL
5 = 4-ton FGD, 6-ton PL
6 = 4-ton FGD, 6-ton PL




Rainfall Simulation







Percent runoff
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Runoff
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P (ng/ml)

Soluble P in Runoff
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Initial Runoff

Worst Case

=== 60 min
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Soluble Reactive Phosphorus (mg L1)

31.0

26.0

21.0

16.0

11.0

6.0
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Initial Runoff

Worst Case

Cumulative

58% reduction




Six Weeks Runoff
After 5 inches
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Torbert and Watts, 2013



Six Weeks Runoff
After 5 inches
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End of Season Runoff

34% reduction
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Figure 1

The effect of a surface application of gypsum on runoff amount, soil loss, and soluble
reactive phosphorous (SRP) for a four-year rainfall simulation study under both tilled
and no-tilled conditions for a Zulch soil near Kurten, Texas (Norton and Mamedov

2006). Gypsum treatment was significantly lower at the p = 0.05 level with the t-test.
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Norton, 2009




Figure 2

Comparison of gypsum and manure application to no-till agriculture for a rainfall
simulator study on a Blount loam soil near Waterloo, Indiana, for amounts of soluble
reactive phosphorus (SRP), total phosphorus, nitrate, and total nitrogen in runoff. All
are significantly different and the p = 0.05 level with Tukey's standardized range test,
except nitrate, which was not significantly different in any of the treatments.
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Norton, 2009




Conclusions

* Gypsum additions significantly reduced soluble P
concentrations in the soil.

* Gypsum addition increased CEC and extractable Ca, S
and decreased Fe, AL, and Na in soil

 Gypsum addition increased uptake of Ca and S in
plant tissue.



Questions




