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What	
  is	
  FGD	
  gypsum?	
  

•  Flue	
  Gas	
  Desulfuriza(on	
  Gypsum	
  is…	
  
– CaSO4	
  *	
  2H2O	
  
– a	
  poten(al	
  source	
  of	
  micronutrients	
  and	
  trace	
  
elements	
  

– not	
  a	
  liming	
  agent	
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Why	
  does	
  FGD	
  gypsum	
  maSer?	
  

•  Annual	
  produc(on:	
  24,200,000	
  Tons	
  
•  Annual	
  use:	
  12,102,964	
  Tons	
  
•  Agricultural	
  use:	
  655,600	
  Tons	
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  Coal	
  Ash	
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  2012	
   hSp://www.jacobsfamilyfarms.com	
  



Uses	
  for	
  FGD	
  gypsum	
  in	
  Ag	
  
•  Sulfur	
  source	
  

–  Increased	
  crop	
  removal	
  	
  
– Decreased	
  deposi(on	
  

•  No	
  (llage	
  cropping	
  systems	
  
–  Sulfur	
  stra(fica(on	
  

•  Soil	
  Tilth	
  
–  Compac(on	
  
– Aggrega(on	
  
–  Infiltra(on	
  
–  Erosion	
  

hSp://nadp.sws.uiuc.edu/	
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FGD	
  gypsum	
  research	
  

•  Usually	
  an	
  amendment	
  used	
  to	
  
treat	
  “problem”	
  soils	
  	
  
– Sodic	
  soils	
  (western	
  great	
  plains)	
  
– Sub	
  soil	
  acidity	
  (southeastern	
  US)	
  

•  Some	
  research	
  out	
  of	
  Ohio	
  
– Change	
  in	
  sulfur	
  deposi(on	
  
– Lots	
  of	
  FGD	
  gypsum	
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Ohio	
  Study	
  -­‐	
  Alfalfa	
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Ohio	
  Study	
  -­‐	
  Soybeans	
  

10	
  
Chen	
  et	
  al.,	
  2005	
  



Ohio	
  Study-­‐	
  Corn	
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Wisconsin	
  Study	
  

•  16	
  sites	
  over	
  2	
  years	
  –	
  No	
  effect	
  on	
  corn	
  grain	
  
and	
  silage	
  yield	
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Research	
  on	
  soil	
  proper(es	
  

•  Australia	
  -­‐	
  Hamza	
  and	
  Anderson,	
  2003	
  
– Gypsum	
  increased	
  infiltra(on	
  of	
  compacted	
  soils	
  

•  	
  Israel-­‐	
  Yu	
  et	
  al.,	
  2003	
  
– Gypsum	
  decreased	
  sediment	
  loss	
  in	
  laboratory	
  
simulated	
  rainfall	
  event	
  

•  What	
  about	
  Wisconsin	
  soils?	
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Wisconsin	
  Study	
  

•  2010	
  –	
  6	
  fields	
  
•  2011	
  –	
  5	
  fields	
  	
  
•  Soil	
  samples	
  collected	
  12	
  weeks	
  ajer	
  gypsum	
  
applica(on	
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Wisconsin	
  Results	
  

•  Aggregate	
  stability	
  
– Nega(ve	
  at	
  high	
  rates	
  

•  Hydraulic	
  conduc(vity	
  
– No	
  effect	
  

•  Cone	
  penetra(on	
  (compac(on/	
  root	
  resistance)	
  	
  
– No	
  effect	
  

•  Bulk	
  density	
  	
  
–  Improved	
  at	
  2	
  sites	
  
– Nega(vely	
  effected	
  at	
  1	
  site	
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Summary	
  

•  Mixed	
  results	
  from	
  studies	
  out	
  of	
  Ohio	
  and	
  
Wisconsin	
  on	
  produc(on	
  benefits	
  of	
  FGD	
  
gypsum	
  

•  Soil	
  data	
  only	
  collected	
  from	
  a	
  few	
  sites	
  fairly	
  
shortly	
  ajer	
  applica(on	
  
– None	
  of	
  which	
  was	
  conclusive	
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Objec(ves	
  
Dr.	
  Richard	
  Wolkowski	
  began	
  project	
  at	
  
Arlington	
  in	
  2010	
  
•  Effect	
  of	
  FGD	
  gypsum	
  on	
  corn	
  grain	
  
produc(on	
  

ASA,	
  Crops	
  and	
  Soils	
  magazine	
  Nov-­‐Dec	
  2011	
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•  Rela(onship	
  between	
  N	
  &	
  S	
  
under	
  (llage	
  and	
  no	
  (llage	
  
systems	
  

•  Soil	
  physical	
  proper(es	
  over	
  
(me	
  



Experimental	
  Layout	
  

•  Main	
  block	
  –	
  Tillage	
  
– Conven(onal	
  Tillage	
  
– No	
  Tillage	
  

•  Subplots	
  –	
  FGD	
  gypsum	
  
– 0	
  or	
  1	
  T/ac	
  

•  Sub	
  sub-­‐plots	
  –	
  Nitrogen	
  rate	
  
– 0,	
  50,	
  100,	
  150,	
  200,	
  250	
  lbs/ac	
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Loca(ons	
  

•  Arlington:	
  Plano	
  	
  
– Typic	
  Argiudoll	
  

•  Lancaster:	
  FayeSe	
  
– Typic	
  Hapludalf	
  

•  Marshfield:	
  Withee	
  	
  
– Aquic	
  Glossudalf	
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Materials	
  and	
  Methods	
  

•  Ear	
  leaf	
  samples	
  
–  ICP	
  	
  

•  Grain	
  and	
  biomass	
  yield	
  
– Hand	
  harvest	
  	
  

•  Harvest	
  sample	
  total	
  Carbon	
  and	
  Nitrogen	
  	
  
– Dry	
  Combus(on	
  

•  Sta(s(cs	
  	
  
– Mixed	
  model	
  split	
  split-­‐plot	
  with	
  α=0.10	
  

21	
  



Outline	
  

•  FGD	
  gypsum	
  background	
  
•  FGD	
  gypsum	
  research	
  
•  Objec(ves	
  
•  2010-­‐12	
  data	
  
•  2013/14	
  data	
  
•  Conclusions	
  

22	
  



23	
  



2010-­‐12	
  Arlington	
  Yield	
  
Gypsum	
  Main	
  Effect	
  	
  

0.2811 0.8408 0.9784 
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2010-­‐12	
  Arlington	
  Yield	
  
Gypsum	
  x	
  N	
  Rate	
  Interac(on	
  Effect	
  

P Value: 0.0945 P Value: 0.1182 

P Value: 0.3853 
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2010-­‐12	
  Summary	
  

•  Gypsum	
  did	
  not	
  increase	
  grain	
  yield	
  in	
  any	
  of	
  
the	
  3	
  years.	
  

•  There	
  was	
  a	
  weak	
  interac(on	
  between	
  
gypsum	
  and	
  nitrogen	
  rate.	
  	
  

•  So,	
  maybe	
  the	
  reasons	
  we	
  didn’t	
  see	
  a	
  
sta(s(cally	
  significant	
  difference	
  with	
  the	
  
applica(on	
  of	
  FGD	
  gypsum	
  is	
  due	
  to	
  the	
  highly	
  
produc(ve	
  soil.	
  What	
  happens	
  when	
  applied	
  
to	
  other	
  soil	
  types?	
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2013	
  Ear	
  Leaf	
  N:S	
  Ra(o	
  	
  
Gypsum	
  Main	
  Effect	
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2014	
  Ear	
  Leaf	
  N:S	
  Ra(o	
  	
  
Gypsum	
  Main	
  Effect	
  

0.0002 0.0079 0.0043 
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2013	
  Grain	
  Yield	
  	
  
Gypsum	
  Main	
  Effect	
  

0.0322 0.1896 0.4464 
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2014	
  Grain	
  Yield	
  	
  
Gypsum	
  Main	
  Effect	
  

0.715 0.5513 0.267 31	
  



2013	
  Grain	
  Yield	
  	
  
Gypsum	
  x	
  N	
  Rate	
  Interac(on	
  Effect	
  

P Value: 0.040 P Value: 0.152 

P Value: 0.5169 

Arlington  Lancaster 

Marshfield 
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2014	
  Grain	
  Yield	
  	
  
Gypsum	
  x	
  N	
  Rate	
  Interac(on	
  Effect	
  

P Value: 0.2647 P Value: 0.1405 

P Value: 0.0863 

Arlington  Lancaster 

Marshfield 
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2013	
  Grain	
  N	
  	
  
Gypsum	
  Main	
  Effect	
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2013	
  Biomass	
  N	
  	
  
Gypsum	
  Main	
  Effect	
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Conclusions	
  

•  The	
  effect	
  of	
  FGD	
  gypsum	
  on	
  grain	
  yields	
  in	
  
Wisconsin	
  is	
  variable	
  and	
  needs	
  to	
  be	
  
explored	
  further	
  

•  There	
  is	
  an	
  interac(on	
  between	
  FGD	
  gypsum	
  
and	
  nitrogen	
  rate	
  that	
  is	
  not	
  consistent	
  	
  

•  Soil	
  samples	
  will	
  be	
  collected	
  at	
  the	
  end	
  of	
  the	
  
growing	
  season	
  in	
  2015	
  to	
  determine	
  the	
  
longer	
  term	
  effects	
  of	
  FGD	
  gypsum	
  on	
  soil	
  
physical	
  proper(es	
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Ques(ons	
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Nutrient	
   FGD	
  Gypsum	
   	
  Commercial	
  Gypsum	
  

Macros	
  

Ca	
  (%)	
   24.3	
   24.7	
  

S	
  (%)	
   20.9	
   20.7	
  

Micros	
  

Zn	
  (ppm)	
   4.3	
   6.1	
  

B	
  (ppm)	
   171	
   168	
  

Mo	
  (ppm)	
   0.6	
   0.8	
  

Ni	
  (ppm)	
   2.3	
   2.3	
  

Fe	
  (ppm)	
   1379	
   906	
  

Other	
  

Se	
  (ppm)	
   2.1	
   <1.2	
  

FGD	
  Gypsum	
  –	
  Nutrients	
  

Adopted	
  from	
  DeSuSer	
  et	
  al.,	
  2013	
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