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Plenty of free sulfur from the air in the past!
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Presentation Notes
The SO2 emissions in the United States and Canada peaked in the late 1970s, but they have subsequently declined as a result of the adoption of government-mandated air pollution standards. The first phase of emission reductions ordered by the U.S. Clean Air Act Amendments of 1990 was begun in 1995, mainly by the regulation of coal-fired power plant emissions. This development marked the beginning of further significant SO2 reductions in the United States and resulted in an 88 percent decline in SO2 emissions between 1990 and 2017.  https://www.britannica.com/science/acid-rain/History
�2000 earliest date on web site
2007 begins easily observable annual declines 
2012 first year without red in Indiana

ftp://newftp.epa.gov/castnet/tdep/images/s_tw/
Accessed Nov 15, 2019



Not anymore!
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Other sources of S for plants

• Mineralization of S in soil organic matter and 
crop residues 

• Some retained SO4-S, especially in soils with 
acid subsoils 

• Residual sulfur from processing rock 
phosphate to make phosphorus fertilizers



Conditions likely favoring S deficiency

• Sandy, low organic matter soils
• Cold, excessively wet or dry, no-till fields, 

C/C, heavy residues
• Soil S supply varies with depth and time 

(transient deficiency)
• No phosphorus fertilizer applied recently



Large-plot (field-scale) response trials
• Whole field trials ranging from 30 to 80+ acres
• Individual plots ranging from 30 to 60+ feet wide by 

length of field
• Facilitated by use of commercial farming equipment 

and precision ag technology – applicators/yield 
monitors/etc.

• Use of mapping software and GIS to design trials and 
work with spatial data



Simple S timing/rate trials or ± S to 
determine corn response to S fertilization

• Starter and/or 
sidedress S

• S rates – 0-30 lb S/a
• Usually ATS in liquid 

N
• Some residual 

studies Photo credit: Bob Nielsen, Purdue Univ.



Large plot strip trials have low variability and 
can detect reasonably small differences in yield
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Discernible with CV of 1-1.8%

Low variability is needed to detect meaningful 
yield differences especially with low-priced input 
and high-priced grain

Discernible with CV of 1.0-4.5% dependent on reps

Yield difference 1.75-4.5 bu/acreYield difference 1.75-3.0 bu/acre



Corn yield response to S 
fertilization
•Sulfur application 

increased yield in 26 
of 55 trials (47%), 3 to 
34 bu/a

•The lowest rate of S in 
each trial was 
sufficient (5-30 lb 
S/acre)



Largest and most consistent responses to S 
occurred on a sandy soil in northern Indiana

Fert. S
2017 2018 2019 2020 2021 2022

---------------- Grain yield, bu/acre ----------------

No S 217 181 179 217 179 171

+S 233 202 194 221 195 204

Diff. +16 +21 +15 NS +16 +33
Rice Farm, LaPorte Co.; Gilford fSL, Maumee LfS, 

Presenter Notes
Presentation Notes
CV was 1.8 in 2020 so not reason for lack of response. P=0.16 on contrast 0 vs S – previous year fertilization was 20 lb S/a to soybean plus MAP and ZnSO4 in some years.



Greater response on sandier 
lower OM soil within field

2022 – LaPorte Co.

S 
fert.

Gilford fSL
2.7% OM  

4 ppm SO4-S 
75% sand

Maumee LfS
1.9% OM

9 ppm SO4-S
81% sand

No S 190 159

+S 210 201

Diff. +20 +42

Maumee LfS
+42 bu/a

Gilford fSL
+20 bu/a

Presenter Notes
Presentation Notes
Planted May 20, sidedressed June 15



Corn response to S was unexpected on a 
prairie soil

S rate, 
lb/ac

C/S
2021

C/S
2022

C/C
2022

0 202 207 188

10 214 197

15 212 213 196

20 214 196
Chalmers SiCL - ACRE, Tippecanoe Co., 35% clay

4.1% OM, 19% sand 3.4% OM, 16% sand
8 ppm SO4-S

4.0% OM, 24% sand
8 ppm SO4-S

Presenter Notes
Presentation Notes
Fld 92, 2021 planted May 24, Pre-plant AA plus some sidedressed UAN
Chalmers - ACRE 2022, field 93, conventional tillage, C/S, planted May 11 and sidedressed June 4
Sand is 16-24%



Potential predictors/confirmation of sulfur 
deficiency

• Soil properties –
SO4-S, OM, clay, 
sand

• Plant tissue S and 
N:S prior to SD 
(limited) and earleaf



Sulfate-S and soil OM do not separate 
responsive from non-responsive sites well
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Greater yield reduction without S on 
soils with lower initial SO4-S



Lightest-textured soils more responsive to 
+S
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content have greatest yield reduction without S

Responsive locations, but no yield increase in these years



Limited whole plant data at sidedress time
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6 of 21 NR sites 
incorrect ID

17 of 19 Resp
sites correct ID

<0.15 currently considered “low”, may appear normal 
but probably will be responsive to fertilization

Earleaf S as indicator of deficiency

Presenter Notes
Presentation Notes
2 of 19 are 2020 and 2022 NEPAC, 1 point is 5 lb S/a rate which gave lower yield than no S.

Earleaf at non-responsive sites with 0.17% S or less:
2018 NEPAC L5, if starter plus S sidedress maybe response. 0.16 and 0.17
2020 Aulbach-Saranac soil type, yield reduced by S. With S has 0.17
2021 Anderson 1. No S. 0.17
2021 DPAC Herrmann. No S. 0.16
2021 PPAC B4. No S. 0.17
2021 PPAC C4. With and without S both have 0.17.
15 of 21 NR correctly identified
Earleaf at responsive sites with earleaf S ≤0.17% and yield was not reduced:
2018 Rice. 3 points with S that were ≥99% max. yield 0.17
2022 SEPAC G8. 1 point. Residual S from soybean. 0.17
Low earleaf %S in experiments where only 2 rates:
2020 Aulbach. 3 points with S. Only 2 rate experiment so perhaps +S did not maximize yield. 0.17
2021 ACRE. 1 point. Only 2 rate experiment so perhaps +S did not maximize yield. 0.17
2021 Rice. 1 point. Only 2 rate experiment so perhaps +S did not maximize yield. 0.17
Earleaf %S>0.17%S that were responsive:
2022 NEPAC. 0.19%=96% max yield at 0 lb S/a rate
2020 NEPAC. 0.18%=95% max yield at 5 lb S/a rate
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Presenter Notes
Presentation Notes
SWPAC 2018: N:S 15.3:1 and 91% max yield with 5 lb S/a as starter
NEPAC 2022: N:S of 15.4:1 and 96% max yield



Corn response to S was unexpected on a 
prairie soil

S rate, 
lb/ac

C/S
2021

C/S
2022

C/C
2022

0 202 207 188

10 214 197

15 212 213 196

20 214 196
ACRE, Tippecanoe Co.

Chalmers SiCL, 3.5% OM

Presenter Notes
Presentation Notes
Chalmers - ACRE 2022, field 93, conventional tillage, C/S, planted May 11 and sidedressed June 4



Tillage can affect sulfur availability



Potential S contribution of P fertilizers
Fertilizer # samples 

analyzed sulfate-S concentration sulfate-S applied at 
70 lb P2O5/acre

range average pounds S per acre

MAP 256 0.9-2.7% 1.8% 1.2-3.6

DAP 247 0.9-3.3% 1.8% 1.4-5.0

TSP 14 1.4-1.9% 1.6% 2.1-2.9

10-34-0 15 0.5-0.9% 0.6% 0.3-0.5†

†Based on 5 gal/acre, which applied 20 lb P2O5/acre.
Data thanks to:

Presenter Notes
Presentation Notes
135 lb/a MAP,145 lb/a DAP 



•MAP (200 lb/a) 
spread 4/1 and 
hydraulic motor on 
fan failing (effective 
rate 277 lb/a)

•Estimated S applied 
5 lb S/a (2.5 – 7.5 lb 
S/a possible)

MAP contributes to S supply

Photos courtesy of Jeff Nagel

Nutrient Good Bad

N 4.14 4.74

S 0.26 0.20

N:S 16:1 24:1

P 0.36 0.32

-25 bu/a (-13%)

Presenter Notes
Presentation Notes
Fall-applied NH3, Pop-up 3 gal/acre, 4/1 dry fertilizer 200 lb/a MAP and 200 lb/a MOP
Effective rate of application given 15 rows with little application vs 33 rows without (about 70% of area) is 277 lb MAP/acre

Hi Jim,
You are correct.
Spreader was calibrated for 90’ but hydraulic motor on fan was going bad.
About 2000 acres spread and only two fields showed S symptoms. This one near Cayuga on some lighter soils.
Most of the fields just showed a slightly less green color but grew out of it with no yield loss.
The two had a yield loss.
I am attaching some additional slides.
I took some pictures during grain fill and S symptoms still present.
Ears didn’t look that different so wondering if main yield difference was from kernel weight.
 
Thanks,
 
Jeff Nagel

Southern Region sufficiency ranges for early growth N 3-4%, P 0.3-0.5, S 0.15-0.4, N:S 10-15.



Carryover of S from one season to the next?
• Corn was 

sidedressed on 
30” centers with 
28% or with ATS 
and 28% at 15 lb 
S/acre

• Corn yield was 
increased 7 
bu/acre by adding 
S to the 28%

• Soybean grown over corn plots that only got 
28% were uniformly yellow

• Where ATS was 
included in corn 
fertilizer, soybeans 
planted on 15” centers 
showed no deficiency 
over the sidedress 
band, but deficiency 
was evident over last 
year’s corn rows

• Soybean +4 bu/aPhotos: Bob Nielsen, Purdue Univ.
Photos: Bob Nielsen, Purdue Univ.



Does S applied to soybeans impact next year’s
corn crop?

2021 S 
rate, 

lb/acre

2022 S 
rate, 

lb/acre
Yield, 

bu/acre
0 0 197
0 15 213

20 0 213
20 15 214

Sulfur applied to soybean

0 20 lb/acre

Corn S
0 15

Corn S
0 15

2 of 3 S deficient sites 
responded this way

Blackford Co.; Blount, Pewamo, Glynwood 



Does S applied to soybeans impact next year’s
corn crop?

2021 S 
rate, 

lb/acre

2022 S 
rate, 

lb/acre
Yield, 

bu/acre
0 0 217
0 15 225

20 0 222
20 15 229

Sulfur applied to soybean

0 20 lb/acre

Corn S
0 15

Corn S
0 15

At 1 S responsive site S applied 
to soybean was not enough



Summary

• Soils with more than 50% sand are more likely to respond to S 
fertilizer

• Low soil SO4-S and sandy texture increase magnitude of S 
response

• Soil OM (1-4%) not a good indicator of response or magnitude 
of response

• Earleaf %S at R1 below 0.18% was a good separator of 
responsive from non-responsive sites



QUESTIONS?

jcambera@purdue.edu
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