Table 1. 
Selected characteristics of soils (0 to 20 cm depth) collected in 2000 from 


the Wooster and Fremont field sites before application of S materials.

	Parameter


	Wooster Site
	Fremont Site



	
	
	

	pH
	6.1
	7.9

	Lime Test Index
	68
	70

	Available P (mg kg-1)
	30
	36

	K(mg kg-1)
	122
	113

	Ca(mg kg-1)
	920
	3030

	Mg(mg kg-1)
	159
	186

	CEC (cmolc kg-1)a
	8.60
	12.0

	Soluble Salts (mmhos cm-1)
	0.18
	NDb

	Total N (%)
	0.131
	ND

	Organic Matter (%)
	ND
	2.74

	
	
	

	Total Concentration (mg kg-1)
	
	

	   Al
	25000
	25000

	   B
	19.8
	32.2

	   Ca
	1560
	6260

	   Cu
	9.7
	14.7

	   Fe
	22100
	20900

	   K
	4500
	5800

	   Mg
	2830
	4320

	   Mn
	1190
	314

	   Mo
	0.95
	1.46

	   Na
	223
	331

	   P
	555
	668

	   S
	131
	203

	   Zn
	66.4
	53.4

	
	
	


aCEC; cation exchange capacity.

bND; not determined.

Table 2. 
Concentrations of elements in the flue gas desulfurization (FGD) by-product, 


N-Viro Soil and gypsum used as S sources. 

	Element


	FGD By-Product
	N-Viro Soil
	Gypsum

	
	
	
	

	Major elements (g kg-1)
	
	
	

	   Al
	19.6
	22.1
	2.4

	   Ca
	260
	213
	245

	   Mg
	27.1
	13.1
	26.9

	   S
	67.1
	21.7
	105

	   Fe
	16.5
	15.1
	3.8

	
	
	
	

	Trace element (mg kg-1)
	
	
	

	   As
	118
	493
	462

	   B
	194
	174
	98.9

	   Ba
	122
	269
	76.4

	   Cd
	<0.12
	<0.12
	<0.12

	   Cr
	123
	84.1
	10.4

	   Cu
	1.57
	73.2
	<0.60

	   Mn
	302
	229
	225

	   Mo
	13.2
	13.6
	<0.6

	   Ni
	72.4
	56.8
	<0.6

	   Pb
	139
	<1.2
	99.7

	   Se
	<6.0
	<6.0
	<6.0

	   Zn
	33.2
	544
	8.7

	
	
	
	


Table 3. 
Selected characteristics and concentrations of elements in Mehlich-3 extracts of 


soils collected from the experiment sites (0-20 cm depth) before the application 


of S materials in 2001. 

	Parameter


	Wayne County Site 
	Hancock

County Site
	Wooster  Site
	Clark

County Site



	
	
	
	
	

	pH
	6.34
	6.08
	6.27
	5.73

	Lime Test Index
	70
	69
	69
	65

	Organic Matter (%)
	2.57
	1.72
	3.11
	3.15

	
	
	
	
	

	Element (mg kg-1)
	
	
	
	

	   Al
	792
	822
	954
	828

	   B
	1.1
	0.8
	1.5
	1.5

	   Ca
	1055
	597
	1307
	2247

	   Cu
	1.8
	1.3
	2.1
	1.6

	   Fe
	380
	484
	294
	523

	   K
	73
	104
	131
	168

	   Mn
	163
	159
	373
	64

	   Mo
	0.01
	<0.01
	0.19
	<0.01

	   Na
	309
	354
	3.72
	101

	   P
	116
	48
	28
	44

	   S
	35
	41
	44
	50

	   Zn
	4.8
	3.1
	3.0
	2.5

	
	
	
	
	


Table 4. 
Effect of flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum on 


dry weight of alfalfa in 2000 at the Wooster field site.

	Material


	Application rate 


	Alfalfa Yield 


	Yield Changea


	
	
	
	

	
	kg S ha-1
	kg  ha-1
	%

	
	
	
	

	   Control
	0
	2040 b
	

	
	
	
	

	   FGD By-Product
	16
	2890 a
	42.0

	
	67
	2480 ab
	21.9

	
	
	
	

	   N-Viro Soil
	16
	2380 ab
	16.9

	
	67
	2580 ab
	26.7

	
	
	
	

	   Gypsum
	16
	2570 ab
	26.0

	
	
	
	

	      LSD0.05
	
	680
	

	
	
	
	


aChange in yield was calculated as follows: (B-A)/A * 100 where B equals the yield for the S treatment and A is the yield for the unamended control treatment.

Table 5. 
Mean concentrations, in alfalfa grown at the Wooster field site in 2000, of essential plant elements when soil is treated with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment


	Application Rate
	Ca
	K
	Mg
	N
	P
	S
	B
	Cu
	Fe
	Mn
	Mo
	Ni
	Zn

	
	kg S ha-1
	--------------------------------- g kg-1 -----------------------------


	------------------------------------- mg kg-1 ------------------------------------

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Control
	0
	11.5 a
	30.4 a
	2.69 a
	38.9 a
	3.24 ab
	3.44 a
	34.4 a
	10.0 ab
	218 ab
	45.3 a
	0.67 a
	1.17 a
	27.5 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FGD
	16
	9.2 b
	25.4 a
	2.03 b
	33.6 b
	2.86 c
	2.95 a
	33.6 a
	9.7 ab
	188 b
	32.1 b
	0.64 a
	0.71 a
	25.4 a

	   By-Product
	67
	10.4 ab
	27.5 a
	2.21 ab
	38.6 a
	3.01 abc
	3.59 a
	36.0 a
	10.5 ab
	256 ab
	37.0 ab
	0.70 a
	1.00 a
	27.4 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	11.1 ab
	23.3 a
	2.43 ab
	36.5 ab
	2.89 bc
	3.19 a
	35.2 a
	10.6 ab
	227 ab
	45.6 a
	0.60 a
	0.60 a
	29.0 a

	
	67
	11.2 ab
	26.0 a
	2.40 ab
	36.5 ab
	2.99 abc
	3.04 a
	32.7 a
	9.1 b
	167 b
	32.5 b
	0.66 a
	0.60 a
	24.1 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gypsum
	16
	11.0 ab
	28.0 a
	2.53 ab
	38.3 a
	3.27 a
	3.36 a
	36.1 a
	10.9 a
	353 a
	45.4 a
	0.60 a
	0.97 a
	26.8 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	2.3
	7.7
	0.52
	4.3
	0.37
	1.12
	6.6
	1.4
	158
	11.3
	0.10
	0.57
	6.6

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 6. 
Mean concentrations, in alfalfa grown at the Wooster field site in 2000, of elements potentially toxic to plants or elements regulated by RCRAa when soil is treated with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application Rate
	Al
	As
	Ba
	Cd
	Cr
	Pb
	Se

	
	
	
	
	
	
	
	
	

	
	kg S ha-1
	---------------------------------------------------- mg kg-1 --------------------------------------------------

	
	
	
	
	
	
	
	
	

	Control
	0
	227 ab
	3.88 a
	19.6 a
	0.12 b
	1.39 b
	1.20 b
	13.7 a

	
	
	
	
	
	
	
	
	

	FGD By-Product
	16
	206 b
	5.71 a
	18.7 a
	0.12 b
	1.98 ab
	2.75 a
	6.0 b

	
	67
	286 ab
	4.62 a
	16.0 a
	0.32 a
	1.68 ab
	1.20 b
	6.0 b

	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	242 ab
	2.91 a
	20.7 a
	0.12 b
	1.55 ab
	2.42 ab
	6.0 b

	
	67
	165 b
	3.97 a
	13.1 a
	0.13 b
	1.50 ab
	1.56 ab
	6.0 b

	
	
	
	
	
	
	
	
	

	Gypsum
	16
	427 a
	5.50 a
	20.1 a
	0.12 b
	2.22 a
	1.52 ab
	6.0 b

	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	205
	2.97
	8.7
	0.18
	0.77
	1.49
	5.0

	
	
	
	
	
	
	
	
	


aRCRA; Resource Recovery Conservation Act.

Table 7. 
Effect of flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum 


on dry weight of soybean in 2000 at the Wooster field site.

	Treatment
	Application Rate
	Soybean

Grain Yield
	Yield Changea

	
	
	
	

	
	kg S ha-1
	kg S ha-1
	%

	
	
	
	

	Control
	0
	2670 b
	

	
	
	
	

	FGD By-Product
	16
	2970 a
	11.2

	
	67
	2760 ab
	3.4

	
	
	
	

	N-Viro Soil
	16
	2800 ab
	4.9

	
	67
	2980 a
	11.6

	
	
	
	

	Gypsum
	16
	2960 a
	10.9

	
	67
	2920 ab
	9.4

	
	
	
	

	   LSD0.05
	
	270
	

	
	
	
	


aChange in yield was calculated as follows: (B-A)/A * 100 where B equals the yield for 

the S treatment and A is the yield for the unamended control treatment.

Table 8. 
Mean concentrations, in soybean grain grown at the Wooster field site in 2000, of essential plant elements when soil is 


treated with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application Rate
	Ca
	K
	Mg
	N
	P
	S
	B
	Cu
	Fe
	Mn
	Mo
	Ni
	Zn

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Kg S ha-1
	----------------------------- g kg-1 ------------------------------
	------------------------------------ mg kg-1 -----------------------------------

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Control
	0
	2.43 ab
	19.3 a
	2.39 a
	63.4 ab
	5.87 a
	3.31 a
	43.2 a
	14.5 ab
	71.6 a
	30.4 a
	0.63 a
	3.46 ab
	48.0 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FGD
	16
	2.46 a
	18.9 ab
	2.37 ab
	64.9 a
	5.72 a
	3.25 ab
	38.9 a
	13.4 b
	70.2 a
	29.0 a
	0.60 a
	5.60 a
	53.8 a

	   By-Product
	67
	2.21 c
	18.8 abc
	2.29 bc
	62.4 b
	5.74 a
	3.18 abc
	40.3 a
	14.4 ab
	70.6 a
	28.9 a
	0.88 a
	4.99 ab
	49.3 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N-Viro
	16
	2.31 abc
	18.3 cd
	2.34 abc
	62.3 b
	5.71 a
	3.12 bc
	37.3 a
	13.4 b
	69.7 a
	30.4 a
	0.73 a
	3.94 ab
	53.0 a

	   Soil 
	67
	2.24 bc
	18.0 d
	2.27 c
	63.5 ab
	5.75 a
	3.06 c
	38.7 a
	13.7 ab
	65.9 a
	28.0 a
	0.90 a
	2.38 b
	48.4 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gypsum
	16
	2.37 abc
	18.8 abc
	2.31 abc
	63.9 ab
	5.67 a
	3.09 c
	39.2 a
	13.3 b
	72.2 a
	28.2 a
	0.89 a
	2.31 b
	49.4 a

	
	67
	2.28 abc
	18.7 bc
	2.33 abc
	63.5 ab
	5.77 a
	3.18 abc
	38.0 a
	15.2 a
	72.9 a
	29.2 a
	0.69 a
	5.35 a
	52.3 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.22
	0.6
	0.86
	2.1
	0.24
	0.15
	5.9
	1.6
	7.6
	2.8
	0.40
	2.76
	6.0

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 9. 
Mean concentrations, in soybean grain grown at the Wooster field site in 2000, of elements potentially toxic to plants or elements regulated by the Resource Recovery Conservation Act (RCRA) when soil is treated with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application Rate
	Al
	As
	Ba
	Cd
	Cr
	Pb
	Se

	
	
	

	
	kg S ha-1
	------------------------------------------------------ mg kg-1 ------------------------------------------------------

	
	
	
	
	
	
	
	
	

	Control
	0
	7.93 a
	5.92 a
	6.27 a
	<0.12
	0.32 bc
	1.83 ab
	<6.0

	
	
	
	
	
	
	
	
	

	FGD By-Product
	16
	5.36 a
	7.52 a
	4.59 abc
	<0.12
	0.32 bc
	4.11 a
	<6.0

	
	67
	8.57 a
	6.88 a
	4.29 bc
	<0.12
	0.42 a
	1.20 b
	<6.0

	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	5.43 a
	4.90 a
	5.59 ab
	<0.12
	0.37 abc
	1.20 b
	<6.0

	
	67
	5.59 a
	8.61 a
	3.74 c
	<0.12
	0.31 c
	1.40 b
	<6.0

	
	
	
	
	
	
	
	
	

	Gypsum
	16
	5.33 a
	6.40 a
	4.44 bc
	<0.12
	0.36 abc
	1.25 b
	<6.0

	
	67
	4.66 a
	7.64 a
	4.49 abc
	<0.12
	0.41 ab
	1.74 ab
	<6.0

	
	
	
	
	
	
	
	
	

	LSD0.05
	
	4.45
	4.38
	1.79
	
	0.10
	2.63
	

	
	
	
	
	
	
	
	
	


Table 10. 
Mean concentrations of elements, essential for growth of higher plants, in Mehlich-3 extracts obtained from the 0-15 cm and the 15-30 cm soil layers of the Wooster soybean field four months after treating the soil with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application 

Rate
	B
	Ca
	Cu
	Fe
	K
	Mg
	Mn
	Mo
	Ni
	P
	S
	Zn

	
	
	     ------------------------------------------------------------------- mg kg-1 -------------------------------------------------------------------------
	
	

	
	kg S ha-1
	
	
	

	
	
	
	
	
	
	0-15 cm soil layer
	
	
	

	
	
	
	
	
	
	

	Control
	0
	1.21 b
	996 a
	1.01 a
	173 a
	120 a
	174 a
	110 b
	0.115 a
	0.759 a
	33.3 a
	32.4 b
	1.74 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FGD
	16
	1.27 b
	1090 a
	1.14 a
	190 a
	119 a
	192 a
	123 ab
	0.100 a
	0.755 a
	23.9 a
	35.6 b
	1.93 ab

	   By-Product
	67
	2.26 a
	1180 a
	1.05 a
	186 a
	118 a
	195 a
	128 ab
	0.106 a
	0.699 a
	25.0 a
	48.5 a
	2.54 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	0.83 b
	1010 a
	1.06 a
	194 a
	124 a
	176 a
	138 ab
	0.100 a
	0.694 a
	32.7 a
	33.1 b
	1.94 ab

	
	67
	0.89 b
	1130 a
	1.12 a
	180 a
	120 a
	213 a
	146 a
	0.100 a
	0.676 a
	25.1 a
	38.7 ab
	1.65 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gypsum
	67
	1.39 b
	1030 a
	0.98 a
	168 a
	122 a
	182 a
	110 b
	0.100 a
	0.686 a
	26.8 a
	39.8 ab
	1.78 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.73
	180
	0.18
	29
	26
	44
	34
	0.020
	0.143
	15.4
	10.6
	0.61

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	15-30 cm soil layer
	
	
	
	
	

	Control
	0
	1.31 ab
	1070 a
	0.97 bc
	182 c
	106 a
	213 ab
	95 b
	0.100 a
	0.634 ab
	18.6 a
	34.0 c
	1.47 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FGD
	16
	1.35 ab
	1110 a
	1.11 a
	205 abc
	113 a
	221 ab
	121 ab
	0.100 a
	0.668 a
	22.4 a
	38.2 bc
	1.80 b

	   By-Product
	67
	2.10 a
	1110 a
	0.99 bc
	212 ab
	98 a
	219 ab
	113 ab
	0.100 a
	0.572 b
	19.1 a
	41.6 ab
	2.40 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	0.69 b
	1080 a
	1.00 bc
	192 abc
	106 a
	199 b
	126 ab
	0.100 a
	0.624 ab
	22.8 a
	39.9 ab
	1.77 b

	
	67
	0.76 b
	1140 a
	1.07 ab
	220 a
	108 a
	240 a
	144 a
	0.100 a
	0.622 ab
	22.5 a
	40.1 ab
	1.46 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gypsum
	67
	1.21 b
	1130 a
	0.91 c
	189 bc
	100 a
	219 ab
	96 b
	0.100 a
	0.566 b
	18.4 a
	44.2 a
	1.39 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.81
	110
	0.11
	30
	21
	39
	33
	0.010
	0.089
	5.9
	4.6
	0.56

	
	
	
	
	
	
	
	
	
	
	
	
	
	


 Table 11. 
Mean concentrations of elements, essential for growth of higher plants, in Mehlich-3 extracts obtained from the 


0-15 cm and the 15-30 cm soil layers from the Fremont soybean field four months after treating the soil with flue 


gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application Rate
	B
	Ca
	Cu


	Fe
	K
	Mg


	Mn
	Mo
	Ni
	P
	S
	Zn

	
	
	

	
	kg S ha-1
	---------------------------------------------------------- mg kg-1------------------------------------------------------------

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	0-15 cm soil layer
	

	Control
	0
	1.23 b
	1850 a
	3.38 ab
	283 a
	147 a
	294 ab
	43.0 a
	<0.1.00
	1.07 ab
	54.0 a
	41.3 b
	2.09 bc

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FGD
	16
	1.10 b
	1800 a
	2.91 ab
	287 a
	157 a
	270 b
	48.1 a
	<0.100
	0.89 b
	59.5 a
	40.5 b
	1.94 bc

	   By-Product
	67
	2.10 a
	1890 a
	3.26 ab
	271 a
	144 a
	302 ab
	50.3 a
	<0.100
	1.25 a
	55.1 a
	68.7 a
	1.87 bc

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	2.53 a
	1790 a
	3.10 ab
	259 a
	143 a
	312 ab
	52.9 a
	<0.100
	1.16 ab
	55.2 a
	50.4 ab
	3.04 a

	
	67
	2.08 a
	1930 a
	3.71 a
	326 a
	140 a
	332 a
	46.4 a
	0.102
	1.36 a
	55.2 a
	68.6 a
	2.38 b

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gypsum
	67
	1.92 a
	1740 a
	2.74 b
	276 a
	134 a
	273 b
	45.3 a
	<0.100
	1.08 ab
	52.5 a
	48.3 b
	1.62 c

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.70
	700
	0.94
	90
	43
	59
	12.8
	0.002
	0.35
	18.8
	18.4
	0.61

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	15-30 cm soil layer
	

	Control
	0
	0.94 c
	1600 bc
	2.32 a
	408 b
	75.8 a
	311 a
	47.3 b
	<0.100
	1.00 b
	28.5 a
	40.2 b
	1.51 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	FGD
	16
	1.09 c
	1750 ab
	2.18 a
	459 ab
	80.1 a
	321 a
	49.2 ab
	<0.100
	1.07 b
	30.2 a
	37.9 b
	1.52 a

	   By-Product
	67
	1.86 ab
	1740 ab
	2.46 a
	462 ab
	82.0 a
	343 a
	50.5 ab
	<0.100
	1.43 a
	36.2 a
	51.5 a
	1.65 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	2.25 a
	1570 bc
	2.13 a
	426 b
	73.8 a
	327 a
	58.6 a
	<0.100
	1.19 ab
	28.4 a
	45.4 ab
	1.96 a

	
	67
	2.21 a
	1880 a
	2.92 a
	534 a
	96.2 a
	356 a
	54.2 ab
	<0.100
	1.42 a
	42.8 a
	51.2 a
	2.04 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Gypsum
	67
	1.70 a
	1470 c
	2.21 a
	454 ab
	66.1 a
	308 a
	43.7 b
	<0.100
	1.22 ab
	30.3 a
	45.1 ab
	1.64 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.49
	240
	1.19
	90
	31.5
	51
	11.1
	
	0.30
	18.7
	8.5
	0.74

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Table 12. 
Mean concentrations of potentially toxic elements or elements regulated by the Resouce Recovery Conservation Act 


(RCRA), in Mehlich-3 extracts obtained from the 0-15 and 15-30 cm soil layers of the Wooster soybean field four 


months after treating the soil with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application 

Rate
	Al
	As
	Ba
	Cd
	Cr
	Pb
	Se

	
	
	

	
	kg S ha-1
	--------------------------------------------------------- mg kg-1----------------------------------------------------------

	
	
	

	
	
	
	0-15 cm soil layer
	

	Control
	0
	692 a
	0.538 b
	38.2 ab
	0.088 a
	0.205 a
	4.09 a
	1.00 a

	
	
	
	
	
	
	
	
	

	FGD
	16
	684 a
	0.686 ab
	34.9 b
	0.080 ab
	0.205 a
	4.20 a
	1.07 a

	   By-Product
	67
	677 a
	0.499 b
	32.1 b
	0.076 ab
	0.215 a
	4.29 a
	1.00 a

	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	676 a
	1.024 a
	41.9 a
	0.055 b
	0.118 bc
	4.05 a
	1.00 a

	
	67
	655 a
	1.018 a
	38.2 ab
	0.053 b
	0.114 c
	4.05 a
	1.00 a

	
	
	
	
	
	
	
	
	

	Gypsum
	67
	682 a
	0.838 ab
	34.7 b
	0.071 ab
	0.168 ab
	4.04 a
	1.05 a

	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	59
	0.388
	7.0
	0.028
	0.051
	0.31
	0.12

	
	
	
	
	
	
	
	
	

	
	
	
	15-30 cm soil layer
	

	Control
	0
	716 a
	0.693 bc
	37.9 b
	0.058 ab
	0.200 a
	3.70 b
	1.00 a

	
	
	
	
	
	
	
	
	

	FGD
	16
	704 a
	0.635 bc
	37.5 b
	0.074 a
	0.217 a
	4.39 a
	1.00 a

	   By-Product
	67
	731 a
	0.598 c
	37.8 b
	0.061 ab
	0.223 a
	3.68 b
	1.29 a

	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	693 a
	1.041 ab
	41.9 a
	0.040 b
	0.097 c
	3.72 b
	1.00 a

	
	67
	689 a
	1.240 a
	41.5 a
	0.050 ab
	0.134 bc
	4.13 ab
	1.07 a

	
	
	
	
	
	
	
	
	

	Gypsum
	67
	734 a
	0.711 bc
	38.0 b
	0.057 ab
	0.179 ab
	3.81 b
	1.00 a

	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	69
	0.410
	3.1
	0.027
	0.053
	0.55
	0.38

	
	
	
	
	
	
	
	
	


Table 13. 
Mean concentrations of potentially toxic elements or elements regulated by the Resouce Recovery Conservation Act 


(RCRA), in Mehlich-3 extracts obtained from the 0-15 and 15-30 cm soil layers of the Fremont soybean field four 

months after treating the soil with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application Rate
	Al
	As
	Ba
	Cd
	Cr
	Pb
	Se

	
	
	

	
	kg S ha-1
	------------------------------------------------------------ mg kg-1-------------------------------------------------------------------

	
	
	

	
	
	
	0-15 cm soil layer
	

	Control
	0
	541 bc
	0.926 a
	24.5 ab
	0.150 a
	0.223 bc
	4.28 ab
	1.00 a

	
	
	
	
	
	
	
	
	

	FGD
	16
	503 c
	1.094 a
	22.5 ab
	0.128 ab
	0.186 c
	3.85 b
	1.00 a

	   By-Product
	67
	549 bc
	0.704 a
	22.5 ab
	0.124 ab
	0.272 ab
	4.58 a
	1.00 a

	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	570 b
	0.890 a
	23.2 ab
	0.105 b
	0.289 a
	4.35 ab
	1.12 a

	
	67
	648 a
	0.712 a
	26.5 a
	0.134 ab
	0.309 a
	4.48 ab
	1.00 a

	
	
	
	
	
	
	
	
	

	Gypsum
	67
	508 bc
	0.852 a
	20.5 b
	0.110 b
	0.267 ab
	4.21 ab
	1.10 a

	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	65
	0.495
	4.5
	0.039
	0.053
	0.71
	0.21

	
	
	
	
	
	
	
	
	

	
	
	
	15-30 cm soil layer
	

	Control
	0
	533 cd
	1.095 a
	24.6 ab
	0.111 a
	0.281 c
	3.47 a
	1.05 a

	
	
	
	
	
	
	
	
	

	FGD
	16
	570 bcd
	1.056 a
	26.8 a
	0.104 a
	0.315 bc
	2.99 a
	1.00 a

	   By-Product
	67
	613 ab
	0.842 a
	25.1 ab
	0.108 a
	0.379 ab
	3.15 a
	1.00 a

	
	
	
	
	
	
	
	
	

	N-Viro Soil
	16
	573 bc
	0.687 a
	23.8 bc
	0.449 a
	0.387 ab
	3.75 a
	1.05 a

	
	67
	651 a
	0.922 a
	27.6 a
	0.098 a
	0.416 a
	3.39 a
	1.24 a

	
	
	
	
	
	
	
	
	

	Gypsum
	67
	528 d
	0.686 a
	21.2 c
	0.091 a
	0.389 ab
	3.78 a
	1.15 a

	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	45
	0.423
	3.0
	0.479
	0.095
	2.34
	0.31

	
	
	
	
	
	
	
	
	


Table 14.  
Mean concentrations of elements essential for growth of higher plants in subsoil solution (60 cm depth) from suction lysimeters installed in the Fremont soybean field four months after treating the soil with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application 

Rate
	B
	Ca
	Cu
	Fe
	K
	Mg
	Mn
	Mo
	Ni
	P
	S
	Zn

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	kg S ha-1
	---------------------------------------------------------- mg L-1 -------------------------------------------------------------

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Control
	0
	0.038 a
	147 a
	<0.01
	<0.01
	0.73 a
	45.6 a
	0.002 a
	<0.01
	0.011 a
	0.100 a
	18.0 b
	0.0067 a

	FGD By-product
	67
	0.131 a
	132 a
	<0.01
	<0.01
	0.89 a
	35.3 a
	0.002 a
	<0.01
	0.010 a
	0.100 a
	33.6 a
	0.0097 a

	N-Viro Soil
	67
	0.080 a
	151 a
	<0.01
	<0.01
	0.99 a
	43.9 a
	0.044 a
	<0.01
	0.011 a
	0.119 a
	20.6 b
	0.0097 a

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.217
	32
	
	
	0.80
	18.8
	0.092
	
	0.002
	0.043
	8.7
	0.004




Table 15. 
Mean concentrations of selected anions in subsoil solution (60 cm depth) from suction lysimeters installed 

in the Fremont soybean field four months after treating the soil with flue gas desulfurization (FGD) 

by-product, N-Viro Soil or gypsum.

	Treatment
	Application 

Rate
	Cl
	NO3-N
	PO4-P
	SO42--S

	
	
	

	
	kg S ha-1
	---------------------------------------- mg L-1 ------------------------------------------

	
	
	
	
	
	

	Control
	0
	87.8 a
	56.9 a
	<0.001
	57.9 b

	FGD By-product
	67
	126 a
	25.1 a
	0.42
	97.1 a

	N-Viro Soil
	67
	97.3 a
	66.1 a
	<0.001
	65.8 b

	
	
	
	
	
	

	   LSD0.05
	
	67.5
	77.2
	0.94
	7.4




Table 16. 
Mean concentrations of potentially toxic elements or elements regulated by the Resouce Recovery Conservation Act 


(RCRA) in subsoil solution (60 cm depth) from suction lysimeters installed in the Fremont soybean field four months after treating the soil with flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment
	Application Rate
	Al
	As
	Ba
	Cd
	Cr
	Pb
	Se

	
	
	

	
	kg S ha-1
	------------------------------------------------- mg L-1  --------------------------------------------------------

	
	
	
	
	
	
	
	
	

	Control
	
	0.040 a
	<0.045
	0.050 a
	<0.002
	<0.005
	<0.02
	0.100 a

	FGD By-product
	67
	0.043 a
	<0.045
	0.047 a
	<0.002
	<0.005
	<0.02
	0.111 a

	N-Viro Soil
	67
	0.041 a
	<0.045
	0.066 a
	<0.002
	<0.005
	<0.02
	0.100 a

	
	
	
	
	
	
	
	
	

	   LSD0.05
	
	0.005
	
	0.026
	
	
	
	0.024




Table 17. 
Effect of flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum on 


dry weight of alfalfa in 2001.

	Experiment 

      Site
	Treatment
	Rate of application
	Alfalfa Yields (dry weight)
	Changeb

	
	
	
	
	

	
	
	kg S ha-1
	------------------------------- kg ha-1 ---------------------------
	%

	
	
	
	
	

	
	
	
	Firsta
	Second
	Third
	Fourth
	Total
	

	Wooster
	Control
	0
	2710 b
	2890 b
	1770 c
	
	7360 c
	

	
	
	
	
	
	
	
	
	

	
	FGD
	16
	3060 ab
	2940 b
	2510 ab
	
	8520 bc
	15.7

	
	   By-product
	67
	3007 ab
	3250 ab
	2290 abc
	
	8540 bc
	16.0

	
	
	
	
	
	
	
	
	

	
	N-Viro Soil
	16
	3260 a
	3330 ab
	1910 bc
	
	8500 bc
	15.5

	
	
	67
	3130 a
	4170 a
	2490 ab
	
	9780 a
	32.9

	
	
	
	
	
	
	
	
	

	
	Gypsum
	16
	3110 ab
	3410 ab
	2650 a
	
	9170 ab
	24.5

	
	
	
	
	
	
	
	
	

	
	   LSD0.05
	
	402
	1170
	681
	
	1190
	

	
	
	
	
	
	
	
	
	

	Wayne
	Control
	0
	2400 ab
	2030 a
	543 ab
	2300 bcd
	7280 ab
	

	
	
	
	
	
	
	
	
	

	
	FGD
	8
	2570 ab
	2000 a
	648 ab
	2360 bcd
	7570 ab
	4.0

	
	   By-product
	16
	2550 ab
	2090 a
	630 ab
	2620 a
	7880 ab
	8.3

	
	
	24
	2530 ab
	1760 a
	580 ab
	2330 bcd
	7190 ab
	-1.2

	
	
	
	
	
	
	
	
	

	
	N-Viro Soil
	8
	2250 b
	2080 a
	665 ab
	2270 cd
	7260 ab
	-0.3

	
	
	16
	2650 ab
	1880 a
	553 ab
	2370 bcd
	7460 ab
	2.5

	
	
	24
	2720 ab
	2120 a
	768 a
	2400 abcd
	8010 a
	10.2

	
	
	
	
	
	
	
	
	

	
	Gypsum
	8
	2460 ab
	1850 a
	503 b
	2180 d
	6700 b
	-3.7

	
	
	16
	2790 a
	2110 a
	533 b
	2520 ab
	7950 ab
	9.3

	
	
	24
	2720 ab
	2090 a
	680 ab
	2440 abc
	7930 ab
	9.0

	
	
	
	
	
	
	
	
	

	
	   LSD0.05
	
	476
	506
	228
	232
	978
	

	
	
	
	
	
	
	
	
	

	Hancock
	Control
	0
	5030 a
	2740 a
	1970 a
	
	9730 ab
	

	
	
	
	
	
	
	
	
	

	
	FGD
	8
	5230 a
	2940 a
	2190 a
	
	10400 ab
	6.5

	
	   By-product
	16
	4830 a
	2840 a
	2120 a
	
	9790 ab
	0.7

	
	
	24
	4860 a
	2990 a
	2370 a
	
	10200 ab
	5.1

	
	
	
	
	
	
	
	
	

	
	N-Viro Soil
	8
	4890 a
	2920 a
	2080 a
	
	9880 ab
	1.6

	
	
	16
	4640 a
	3030 a
	1940 a
	
	9610 b
	-1.2

	
	
	24
	4870 a
	3440 a
	2270 a
	
	10600 a
	8.8

	
	
	
	
	
	
	
	
	

	
	Gypsum
	8
	4800 a
	2950 a
	2230 a
	
	9980 ab
	2.5

	
	
	16
	5040 a
	3060 a
	2090 a
	
	10200 ab
	4.6

	
	
	24
	4910 a
	2860 a
	2340 a
	
	10100 ab
	3.9

	
	
	
	
	
	
	
	
	

	
	   LSD0.05
	
	653
	791
	455
	
	914
	

	
	
	
	
	
	
	
	
	


aThe underlined headings over each column are the harvest numbers for 2001. 

bChange in yield was calculated as follows: (B-A)/A * 100 where B equals the yield for the S treatment and A is the yield for the unamended control treatment.

Table 18. 
Combined alfalfa yield data (dry weight) for 2001 from all three test sites for the 16 kg S ha-1 treatment of flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum.

	Treatment


	Alfalfa Yields (dry wight)a
	Changeb

	
	
	

	
	------------------------------- kg ha-1 -------------------------
	%

	
	
	

	
	Firstc
	Second
	Third/Fourth
	Total
	

	
	
	
	
	
	

	Control
	3440 a
	2520 a
	2030 b
	8000 b
	

	
	
	
	
	
	

	FGD By-product
	3520 a
	2590 a
	2410 a
	8520 ab
	6.5

	
	
	
	
	
	

	N-Viro Soil
	3540 a
	2690 a
	2090 b
	8320 ab
	4.0

	
	
	
	
	
	

	Gypsum
	3690 a
	2810 a
	2400 a
	8900 a
	11.3

	
	
	
	
	
	

	   LSD0.05
	340
	450
	260
	640
	

	
	
	
	
	
	


aAlfalfa dry weight yields are weighted averages of yield data shown in Table 17. This approach was taken because the number of treatment replications was not equal at all sites.

bChange in yield was calculated as follows: (B-A)/A * 100 where B equals the yield for the S treatment and A is the yield for the unamended control treatment.

cThe underlined headings over each column are the harvest numbers for 2001. Three total harvests were obtained in 2001 at the Wooster site and the Hancock County site and four harvests at the Wayne County site. Data from the third harvest at the Wayne County site was replaced with the fourth harvest data because of low yields for the third harvest.

Table 19.  
Effect of flue gas desulfurization (FGD) by-product, N-Viro Soil or gypsum on 


the yields of soybean in 2001.

	Experiment 

      Site
	Material
	Application

Rate
	Soybean

Yield
	Yield 

Changea

	
	
	
	
	

	
	
	kg ha-1
	kg ha-1
	%

	
	
	
	
	

	Wooster
	Control
	0
	2270 a
	0

	
	
	
	
	

	
	FGD By-product
	6
	2160 a
	-5.0

	
	
	17
	2590 a
	13.9

	
	
	
	
	

	
	N-Viro Soil
	6
	2410 a
	5.9

	
	
	17
	2270 a
	0

	
	
	
	
	

	
	Gypsum
	6
	2170 a
	-4.5

	
	
	17
	1820 a
	-19.8

	
	
	
	
	

	   LSD0.05
	
	
	1030
	

	
	
	
	
	

	Clark County
	Control
	0
	3360 a
	0

	
	
	
	
	

	
	FGD By-product
	6
	3390 a
	0.8

	
	
	17
	3380 a
	0.6

	
	
	
	
	

	
	N-Viro Soil
	6
	3340 a
	-0.8

	
	
	17
	3290 a
	-2.2

	
	
	
	
	

	
	Gypsum
	6
	3380 a
	0.4

	
	
	17
	3340 a
	-0.6

	
	
	
	
	

	   LSD0.05
	
	
	260
	

	
	
	
	
	


aChange in yield was calculated as follows: (B-A)/A * 100 where B equals the yield for the S treatment and A is the yield for the unamended control treatment.
