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AGVISE Demonstration Projects

•The Why?

•Past Demo Projects

• Drain Tile for Saline and Sodic Soils

• Adding Elemental Sulfur and Gypsum on Saline Soils, 

Sodic Soils, High pH soils

• Liming Acidic Soils in No-Till Systems

• Soybean Cyst Nematode (SCN) Resistance Project

• Building Soil Test P on Troublesome High pH Soils

• Changing Base Saturation Cation Ratios (or not…)
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Project Update: Can You 
Lower Soil pH by Applying 
Elemental Sulfur
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What is calcium carbonate (CaCO3, 
free lime)?
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From historical photograph collection of D.G. Hopkins, North Dakota State Univ., Fargo, ND.

• Insoluble 

• Naturally occurring

• “Whitish” color to soil 

Subsoil

• Calcic (Bk or Cca) 

horizon

• Present since glaciation 

• Groundwater

• Eroded Hill Tops

• Tillage Erosion

A horizon

Bw horizon

Bk (Cca) horizon

C horizon



Calcium carbonate (free lime) 
controls and buffers high soil pH
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Calcium carbonate buffers 

soil pH ~ 7.8 - 8.4
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Any soil with pH > 7.3 

will contain some 

calcium carbonate



Soil pH increasing? Stop soil 
erosion!
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Photo from Bohn, M., D. Hopkins, C. Gasch, D. Steele, and S. Tuscherer. 2018. Predicting soil health and function using remote-sensed 

evapotranspiration and terrain attributes for a benchmark soil. In: Franzen, D.W., chair, 2018 NDSU Soil and Soil Water Workshop, Fargo, 

ND. 17 Jan. 2018. North Dakota State Univ., Fargo, ND. 

Topsoil moves downhill,

CaCO3 in subsoil incorporated
A

Bw

C

Bk

Prairie Soil profile



What’s the Problem?
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Reduced Nutrient 
Availability



How easily can you lower soil pH?

•Calcium Carbonate
•Buffers soil pH 

•pH ~ 7.8 - 8.2

•Acidity 
• “Neutralize” the 
carbonate 

•Lower soil pH
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Iron deficiency chlorosis



Sources of Acidity
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•Crop removal
•Ca2+, Mg2+, K+ 

•Rainfall 

(pH 5.0-5.5)

•Aluminum or iron(II) sulfate fertilizers

•Phosphorus fertilizers containing elemental 
sulfur

•Nitrogen fertilizers

•Nitrification 
(NH4+ → NO3-)

•Elemental sulfur 
fertilizers
•Sulfur oxidation 
(S0 → SO42-)
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The science behind lowering pH with 
elemental sulfur

• Soil applied S0 oxidized by soil bacteria (Thiobacillus). 

 2S     +    3O2    +   2H2O   →    2H2SO4

sulfur      oxygen      water       sulfuric acid

• Sulfuric acid produces H+ ions

• Sulfate sources (e.g. gypsum) do not create sulfuric acid

•1% CCE = 6,400 lb/acre elemental S
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So like…..100 lb/A elemental sulfur, 
right?
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AGVISE Demonstration 2005-2017

Initial pH 8.0 and 2.5% CCE



2020 Elemental Sulfur Demo
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0 - 40,000 lb/acre 

•Soil pH 8.0 

•4.5% CCE

•6 inches

•Alfalfa

It takes about 3.2 tons elemental 

sulfur/acre to neutralize 1% CCE in soil 



Elemental sulfur and soil pH
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Initial soil pH 8.0, 4.5% CCE
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Results: pH and CCE 
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Is There Other Evidence?
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Increase in Nutrient 
Availability?



pH and Phosphorus Availability
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pH and Fe and Zn Availability 
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So…but it 
works 

right…?



Fancy Math

•$19,000 CAD for 40,000 lb/acre elemental S 

•pH 8 → pH 5.8

•4 ppm  → 40 ppm Olsen P

•MAP $1200 CAD/metric tonne

•90 bu/acre wheat
• P rate: 120 lb P2O5/acre broadcast if 4 ppm  → 15 lb 

P2O5 (starter) if 40 ppm

•Lowering soil pH saved $110 CAD/acre in 
annual P application

•Elemental S paid off in  → 172 years

•An over simplification but still…
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So your saying there is a chance…
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1967



Martian Farmer with a pH problem?
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Possible Answers to Grower Questions

•Elemental Sulfur

• The science works

• Sulfuric acid neutralizes CCE = lower pH

• Not Quick or Cheap

• No easy solution to reducing soil pH in the northern 

Great Plains/Prairie Provinces
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Your Questions?
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