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ABSTRACT

Application of gypsum (CaSO,2H,0) to agricultural soils has a long history.
Hannebachite (CaSO4H,0) is a product created when coal is burned and sulfur is
scrubbed from the flue gases. It is considered inferior to gypsum as an agricultural
amendment because it can negatively impact plant growth, especially in acid soils, and
has poor handling properties. For agricultural use of FGD-CaSO;, it must first be oxidized
to sulfate (SO,%) in soils before crops are planted. However, there is little information
about the oxidation rate of sulfite (SO;*) under field conditions. An FGD-CaSO; was
applied at rates of 0, 1.12 and 3.36 Mg ha! to the surface of an agricultural soil (Wooster
silt loam, Oxyaquic Fragiudalf). Oxidation of SO,* was determined by measuring SO, in
the surface soil (0-10cm) on 0, 1, 2, 3, 8, and 14 days after application. Corn was planted
on the same days as samples were analyzed for SO,* and corn emergence and growth
were measured. It is safe for plants if FGD-CaSQg.is.applied to field surface two weeks
before planting.

i INTRODUCTION

Plants take up S mostly i int the form of SO,2. At low soil pH, SO,2may be converted to sulfur dioxide (SO,) which is..

toxic to plants (Ritchey et tal., 1995) However, CaSO3 can rapidly oxidize to C'-SO in oxygenated environments
(Pasiuk-Bronikowska et al., 1992). The reaction rate is strongly affected by concenlra{lons of dissolved SO, and
0,, pH, and temperature (Lancia and Musmarra, 1999; Hao and Dick, 2000; Lee et al., 2007). For agncullural use,
FGD products are often applied to the surface of the fields. However, there is no report on the oxidation of FGD-
CaS0, and its effect on the emergence and growth of plants under field conditions. The objectives of this study were

to determine the oxidation rate of FGD-CaSO, at the soil surface of an agricultural field and to evaluate the impact.ofs

FGD-CaS0; on corn emergence and growth.

o]

MATERIALS AND METHODS : -

A field study was conducted on an agricultural soil (Wooster silt loam, Oxyaquic Fragiudalf) located near Wooster, OH. Selected.

characteristics of the soil are presented in Table 1. FGD-CaSO; was obtained from American Electric Power Companys
Conesville, OH, and FGD-gypsum was obtained from Cinergy Corporation, Cincinnati, OH (Table 2). FGD-CaS0; was applied: at
rates of 0, 1.12, and 3.36 Mg ha® to the soil surface, and FGD-gypsum was applied at only a single rate of 1.12 Mg ha as a
positive comparison. Rates used were normal field recommended rates required to improve soilphysical and chemical
properties. These treatments were applied to 1 x 1 m plots arranged in a randomized block with four replicates:

Table 1. pH and concentrations

ected elements extracted from

istcs of the FGD-CaS ed.
experimental field soil (0-20 cm) by Mehlich.il Fae = FGD-CaS0; FGD-qypsum
pH P K Ca Mg S B Cu_Fe Nn Mo Zn Al
mg kg™ Sulfur component (%)
5058 10 0
71 50 11 1440 311 5L 043 15 195 94 003 67 T5 g7 i 5
The field experiment was carried out from May 21 to June 25, Element (g kg)
2007. On days 0, 1, 2, 3, 8 and 14 after treatments, soil samples P 63 <08
(0-10 cm) were collected and SO,2 was extracted (2:3 soil to water Ea ) 47533 mng
ratio) with double deionized water and analyzed by ion i o 5
chromatography. Concentrations of various elements in the s 177000 185000
extracts on day 14 were analyzed by inductively coupled plasma g Pl i
(ICP) emission spectrometry. Thirteen seeds of corn were sown in Cu <020 <020
each plot on the same days as samples were analyzed for SO, Fe 26 12
The rates of corn emergence were measured on day 8 after Mn 29 006
sowing, and dry weight of corn plants was determined on day 21 Mo 040 032
after sowing. Corn plants sown on day 14 were dried in a 65° C on 178 185
oven and ground to pass a 1-mm sieve. Concentrations of Al 1660 L

elements were determined by ICP emission spectrometry after
HCIO,:HNO, digestion.

RESULTS AND DISCUSSION
Concentrations of water-soluble SO,-S

in the soil surface layer (0-10 cm) were
increased by FGD-CaSO; or FGD-
gypsum treatment (Fig. 1).
Concentrations of SO,-S in soil treated
with 1.12 Mg ha'* FGD-CaSO, were
similar to those treated with FGD-
gypsum at all days measured. This
indicates the SO, in the FGD-CaSO,
was rapidly oxidized after surface
application.

$04-5 mg kg’

Ca and S concentrations in the soil,

werg significantly-increased by FGD-

CaSO; or FGD- gﬁﬁsum'rreatment as

were also.water-soluble K and Mg

(T gle 3). The Ca ions have greater
inity for exchange sites on soil

part clesithan K andiMg ion$ and the Ca

ith& FGD-Cas0, and FED-gypsum

Time (days)

Fig. 1. Changes in water-soluble SO,-S in the surface 10 cm soil
layer over time after surface application of FGD-CaSO; or FGD:
gypsum

the surface 10 cm soil layer on day 14 after surface application of FGD-

Table 3. Concentrations of selected water-soluble plant nutrients and Al in

™ displaged-and mobili nd Mg. As Cas0; or FGD-gypsum
..- - ex] c ted; -tﬂeﬂ;'e werez ﬁgﬁe? | g J Element Treatment
pir]trgt!ns.pj_ Mg, B, and Mn in-soil Control  FGD- FGD- FGD-gypsum  LSDogs
~treated-with-FGD, SO, than with « u fﬁ?} 222%? 112 Mg ha®
FGD-gypsum dué_} tb’tﬁir'higher pat 0 hat 9 <M
concentrations in, -CaS0, (Table g kg*
—2). Application of FGD= CaSO3 or FGD-
gypsum Flgﬁﬁlqantly decreased the P 0202a 0016c  0.097b 0067bc 0079
concentrations of Water-soluble P, Fey §. K 58¢ 11.3bc 250a 16.1b 6.2
Mo, Zn-and Al.These decreases were Ca 77d 787b  202a 49.6¢ 282
+ —attributed to Iea-éhing losses caused by Mg 31d 204b  407a 145¢ 53
©= Careplacement and precipitation S 37c 852b 2092 58.7b 310
reactions. Aluminum is a major factor gu <ggg 1° <ggg 1" <g'(1)g 15 <ggé 1° 002
| VIR [t el 2507a 0170bc  0003c  0382b 0262
‘world. Surface application of gypsum Mn 0067b  008b  043la  0005b 0122
has become a recommended procedure 0011a 0004b  0006ab  0001b 0,006
for Al amelioration. Our results indicate n 0.0482a 002b  0018b 0.021b 0.010
that FGD-CaS0;,, like gypsum, is a Al 274a 0.05h 0.03b 0.19b 0.19

Concentrations in corn plant tissue of S

fitratl ! Table 4. Corn emergence rate and dry weight of corn seedlings over time
were significantly increased by FGD-

after surface application of FGD-CaS0; or FGD-gypsum

CaSO0; or FGD-gypsum. However, Treatment Days after treatment
concentrations of K, Cu and Mo were Material Rate 0 1 2 3 8 14
decreased. Concentrations of B were Mg ha*

increased by 3.36 Mg ha* FGD-CaSO, Emergence rate (%)

. 1 _ Control 0 86.5ab 846 942 923 865 942
compared with 1.12 Mg ha* FGD FGDCaSO; 112 73lb %2 %62 846 885 923
gypsum. This indicated that B in the 33 65ab 942 981 885 904 904
FGD-CaSO; was easily taken up by corn 'ggp.gypsum 142 100a 904 923 85 846 904
plants. LSDogs 264 125 114 126 160 123
Growth (g/plot)
Control 0 735 675 966 1037a 1003 9.22a
FGD-Cas0; 112 545 771 931 818b 868 650b
33 590 733 984 935ab 7.73 7.51ab
~ FGD-gypsum 112 633 684 912 839b 824 7.7M2ab
LSDogs 257 198 400 18 280 236
Means in a row followed by different letters are significantly different at P<0.05.
p—
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entrations in corn r\am tissue of selected plant nutrients and
seedlings planted on day 14 after surface application of
)3 0! FGJ-me

CONCLUSIONS

Treatment Sulfite in FGD-CaSO; was rapidly
Control ~ FGD- FGD- FGD-  LSDss oxidized to SO, when applied to
Cas0;  CaSO;  gypsum the moist surface of a field in the
Li2Mg  336Mg  L12Mgha spring. Effects of FGD-CaSO, on
e ": 9 water-soluble K, Al, Fe, Mn, and Zn
mgky in soils, on corn emergence and
P 1820 1870 4980 5050 1340 growth, and on concentrations of
K 48200a  47700ab  47300ab  44800b 3270 elements in plant tissue were
Ca 2830 3070 3090 3160 583 similar to those of FGD-gypsum
Mg 2580 20 2660 2% 24 when applied at the rate of 1.12 Mg
S Amb 202 N0a - 350a 1) hal. FGD-CaS0, provided more Ca,
B 475ab 476.ah 51la 439h 0.62 M daB h il th "
o 28a 202 240a  164b 091 gand Bitgihelsallitaan EOR S
Fe 24 168 156 154 97 gypsum did. It is safe for plants if
Mn 506 504 545 554 31 FGD-CaSO; is applied to the field
Mo 1082 088ab 067  055b 040 surface.
n 259 318 318 313 105
Al 1056 737 687 521 3

good product for Al amelioration. Means in a row followed by different letters are significantly different at P<0.05.

Corn emergence rates were not affected by FGD-CaSO, or FGD-gypsum treatment compared
with the untreated control at all days measured (Table 4). Sown immediately after treatments (0
day), the corn emergence rate was decreased by the 1.12 Mg ha™ FGD-CaSQ; treatment
compared with the 1.12 Mg ha* FGD-gypsum treatment. However, dry weight of corn plants was
not affected by FED-CaS0O, or FGD-gypsum treatment, compared withithe untreated control,
when corn seeds were sown on days 0, 1, 2 and 8 after treatments, but it was decreased on
days 3 and 14, Why there WaS'not a consistent growth response for-all. days is not clear.but may
be due.tg decreasing availability of plant nutrients such as Mo in the soil (Table 3).

Means in a row followed by different letters are significantly different at P<0.05.
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