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In The PastIn The Past

alfalfa, corn, canola, small grains alfalfa, corn, canola, small grains 
responded to Sresponded to S
response when S applied to sandy soilsresponse when S applied to sandy soils
soil tests not reliable in predicting need for soil tests not reliable in predicting need for 
S in a fertilizer programS in a fertilizer program
based S recommendations on soil texturebased S recommendations on soil texture



The Sulfur Situation TodayThe Sulfur Situation Today

more reduced tillage systemsmore reduced tillage systems
less sulfur dioxide in the atmosphereless sulfur dioxide in the atmosphere
could these factors affect S fertilization could these factors affect S fertilization 
guidelines?guidelines?



Sulfur Supplied FromSulfur Supplied From

soil (95% of total is in the organic matter)soil (95% of total is in the organic matter)
atmosphereatmosphere
irrigation waterirrigation water



Sulfur Mineralized In Minnesota Sulfur Mineralized In Minnesota 
SoilsSoils

CountyCounty Text.Text. OMOM Int. SInt. S 12 wk S12 wk S ChangeChange

%% ppmppm ppmppm lb./alb./a

Wad.Wad. slsl 1.21.2 2.12.1 3.03.0 1.81.8

Good.Good. silsil 1.61.6 3.73.7 7.17.1 6.86.8

Good.Good. silsil 2.42.4 6.26.2 11.711.7 11.011.0

WabWab.. silsil 2.72.7 6.36.3 17.617.6 22.622.6



Sulfur Mineralization and Sulfur Mineralization and 
TextureTexture

The number of pounds of S mineralized for The number of pounds of S mineralized for 
each % organic matter varied from 1.5 to each % organic matter varied from 1.5 to 
8.4.8.4.



Atmospheric Sulfur DepositionAtmospheric Sulfur Deposition

LocationLocation Initial YearInitial Year 20002000 % change% change

lb. S/acrelb. S/acre

Kalamazoo Kalamazoo 
MI (1979)MI (1979)

27.527.5 6.86.8 --7575

Wooster Wooster 
OH (1979)OH (1979)

31.031.0 17.917.9 --4242

LambertonLamberton 
MN (1979)MN (1979)

15.815.8 5.55.5 --6565



Estimated S RemovalEstimated S Removal—— 
Harvested CropsHarvested Crops

CropCrop S RemovalS Removal

alfalfaalfalfa 6.0 lb./ton6.0 lb./ton

corn graincorn grain .09 lb./.09 lb./bubu..

oats grain+strawoats grain+straw .16 lb./.16 lb./bubu..

soybean grainsoybean grain .16 lb./.16 lb./bubu



Sulfur FertilizersSulfur Fertilizers

Elemental SElemental S
SulfurSulfur--clay mixes (90% elemental S)clay mixes (90% elemental S)
Ammonium sulfate (21Ammonium sulfate (21--00--00--24)24)
Ammonium Ammonium thiosulfatethiosulfate (12(12--00--00--26), liquid26), liquid
KK--MagMag ( 22% S), good for alfalfa and corn ( 22% S), good for alfalfa and corn 
because of 22% K2Obecause of 22% K2O



Sulfur In ManuresSulfur In Manures

DryDry LiquidLiquid

SourceSource lb.S/tonlb.S/ton lb.S/1,000 gal.lb.S/1,000 gal.

dairydairy 1.51.5 0.80.8 4.24.2 2.32.3

swineswine 2.72.7 1.51.5 7.67.6 4.24.2

Source: Iowa State UniversitySource: Iowa State University



Sulfur deficiency on CornSulfur deficiency on Corn



Soil Texture and Sulfur for CornSoil Texture and Sulfur for Corn

TextureTexture No SNo S 25 lb. S/acre25 lb. S/acre

bu./acrebu./acre

siltysilty clay loamclay loam 132132 128128

loamy fine sandloamy fine sand 168168 177177



Soil PropertiesSoil Properties——Sulfur ResponseSulfur Response

S RateS Rate Goodhue Co.Goodhue Co. Wabasha Co.Wabasha Co.

lb./acrelb./acre bu./acrebu./acre

00 155155 169169

1010 169169 170170

4040 169169 174174

organic matter,%organic matter,% 1.61.6 2.72.7

SulfateSulfate-- S ,S ,ppmppm 9.09.0 6.06.0



Can we put sulfur on at planting?Can we put sulfur on at planting?

Study conducted from 1999 to 2001Study conducted from 1999 to 2001



Seed Seed vsvs 2X2 Placement2X2 Placement

2X2 2X2 vsvs Seed placementSeed placement
Ammonium sulfate (21Ammonium sulfate (21--00--00--24)24)
Ammonium Ammonium ThiosulfateThiosulfate (12(12--00--00--26)26)
0, 6, 12, and 18 lb S per acre0, 6, 12, and 18 lb S per acre
Six sitesSix sites
–– 5 in ridge5 in ridge--tillage, 1 disktillage, 1 disk--tillagetillage



SitesSites

Site IDSite ID YearYear TextureTexture Spring Spring 
moisturemoisture

LFSLFS--9999 19991999 loamy fine sandloamy fine sand NormalNormal

SCLSCL--9999 19991999 siltysilty clay loamclay loam NormalNormal

LFSLFS--0000 20002000 loamy fine sandloamy fine sand Very dryVery dry

LL--0000 20002000 loamloam NormalNormal

SALSAL--0101 20012001 sandy loamsandy loam Very dryVery dry

SiLSiL--0101 20012001 silt loamsilt loam NormalNormal



Population concernsPopulation concerns

Seed placement can be a double edged Seed placement can be a double edged 
sword.sword.



Populations/Non affected sitesPopulations/Non affected sites

1212--00--00--2626 2121--00--00--2424

S rateS rate 2X22X2 With With 
seedseed

2X22X2 With With 
seedseed

lb S/Alb S/A ---- % of 0 pounds S per acre % of 0 pounds S per acre ------

66 104104 101101 101101 102102

1212 101101 9797 102102 9898

1818 104104 9999 102102 100100

4 of 6 sites, LFS-99, SCL-99, L-00, SiL-01



Populations/affected sitesPopulations/affected sites

1212--00--00--2626 2121--00--00--2424

S rateS rate 2X22X2 With With 
seedseed

2X22X2 With With 
seedseed

lb S/Alb S/A ---- % of 0 pounds S per acre % of 0 pounds S per acre ------

66 102102 9191 100100 9797

1212 9595 6767 100100 9595

1818 103103 5151 100100 9898

LSF 2000 Very dry at planting.



Populations/affected sitesPopulations/affected sites

1212--00--00--2626 2121--00--00--2424

S rateS rate 2X22X2 With With 
seedseed

2X22X2 With With 
seedseed

lb S/Alb S/A ---- % of 0 pounds S per acre % of 0 pounds S per acre ------

66 9090 8989 106106 9393

1212 8989 8888 105105 9595

1818 8989 6969 105105 8383

SAL 2001 Very dry at planting.



PopulationsPopulations

No problems if soil is not sandy and not No problems if soil is not sandy and not 
dry.dry.
If there are problems, source and If there are problems, source and 
placement are important.  placement are important.  
–– No problems with ammonium sulfate.No problems with ammonium sulfate.
–– Problems with seed placement of ammonium Problems with seed placement of ammonium 

thiosulfatethiosulfate..
Prediction of dry soil conditions in sandy Prediction of dry soil conditions in sandy 
soils tough. soils tough. 



Grain yield responsesGrain yield responses

0 S0 S 6 S6 S
Site IDSite ID S responseS response Grain yield (Grain yield (bubu/A)/A)
LFSLFS--9999 YesYes 168168 176176
SCLSCL--9999 NoNo 187187 187187
LFSLFS--00*00* YesYes 101101 110110

LL--0000 YesYes 153153 163163
SALSAL--01*01* YesYes 142142 156156
SiLSiL--0101 YesYes 151151 162162

* Very dry at planting.



Grain yieldGrain yield

Five of six sites had a significant grain Five of six sites had a significant grain 
yield response to sulfur.yield response to sulfur.
One site was a One site was a siltysilty clay loam.clay loam.
Sulfur needed in sandy and reduced tillage Sulfur needed in sandy and reduced tillage 
situations.situations.



Sulfur Application At WasecaSulfur Application At Waseca

YieldYield

TrtTrt 20042004 20052005 20062006 20042004--2006 Ave.2006 Ave.

lb./acrelb./acre bu./acrebu./acre

--SS 192192 167167 207 188188

+S+S 197197 165165 227 196196



2007 Field Trials2007 Field Trials

6 sites: all in farmers’ fields6 sites: all in farmers’ fields
2 treatments (with and without S)2 treatments (with and without S)
collect soil samplescollect soil samples
measure emergence and yieldsmeasure emergence and yields
3, 4, or 6 replications3, 4, or 6 replications



Soil Test ValuesSoil Test Values

Prop.Prop. OlmOlm MeekMeek FreeFree WatWat YMYM--AA YMYM--SS

pHpH 6.46.4 7.27.2 5.45.4 7.87.8 6.96.9 7.77.7

P*P* 2323 2828 3232 1414 3030 2323

K*K* 122122 208208 149149 191191 165165 180180

%OM%OM ---- 7.67.6 5.75.7 5.75.7 4.44.4 4.64.6

S*S* 44 1111 55 1212 55 77

* Values for P, K, and S are in * Values for P, K, and S are in ppmppm



Plant populationPlant population
OLMOLM++ MeekMeek FreeFree WatWat YMYM--AA YMYM--SS

------------------------ plants per acre plants per acre ------------------------

No SNo S 2504725047 2270022700 3144431444 2926129261 2909229092 3187231872

SS 2824128241 2290022900 3222232222 2912329123 2852928529 3118631186

# S/A# S/A 1212 5.75.7 3.73.7 1.91.9 5.75.7 5.75.7

+ Olmsted was 2X2 placement of elemental S. 
The rest were liquids placed on seed.



Corn grain yieldCorn grain yield
OLMOLM++ MeekMeek FreeFree WatWat YMYM--AA YMYM--SS

------------------------ bushels per acre bushels per acre ------------------------

No SNo S 192192 123123 177177 177177 118118 179179

SS 191191 125125 171171 173173 119119 174*174*

# S/A# S/A 1212 5.75.7 3.73.7 1.91.9 5.75.7 5.75.7

+ Olmsted was 2X2 placement of elemental S. 
The rest were liquids placed on seed.





SummarySummary

S placed near the seed did reduced stand S placed near the seed did reduced stand 
at only 1 of 6 sites.  The reduction was at only 1 of 6 sites.  The reduction was 
only 700 plants per acre.  Dry spring.only 700 plants per acre.  Dry spring.
Grain yield reduced by S at 1 of 6 sitesGrain yield reduced by S at 1 of 6 sites—— 
probably due to reduced standprobably due to reduced stand



Thinking About ChangesThinking About Changes

less atmospheric depositionless atmospheric deposition
less tillage; therefore less mineralizationless tillage; therefore less mineralization
response measured at Wasecaresponse measured at Waseca
no yield increase at 6 sites in MN in 2007no yield increase at 6 sites in MN in 2007



Suggestions For Future S Suggestions For Future S 
GuidelinesGuidelines

Soil texture is still major considerationSoil texture is still major consideration
Don’t use soil test as a guideDon’t use soil test as a guide
Probability for need when corn is planted Probability for need when corn is planted 
with conservation tillage on low O.M. soil with conservation tillage on low O.M. soil 
(<2.0%)(<2.0%)
If soil is sandy, no S with the seedIf soil is sandy, no S with the seed



QuestionsQuestions
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