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The Effects of Sulfur Fertilization on Soybeans

BACKGROUND

Sulfur is an essential macronutrient for soybeans, supporting 
protein synthesis, enzyme activity, chlorophyll production and 
overall plant growth. In Iowa, sulfur deficiencies have become 
more common as atmospheric sulfur deposition has declined 
[1], [2]. Sulfur availability can be spatially complicated by the 
mineral composition and layering of the soil, as it is generally 
mobile as the soluble sulfate ion but can be adsorbed by iron and 
aluminum silicate clays [2]. Furthermore, sulfur status can be 
difficult to discern in situ because the symptoms—commensurate 
with inhibited chlorophyll production—match those of nitrogen 
deficiency.

Keaton Krueger was motivated to test sulfur in 2024 because 
he was interested in expanding his fertility program beyond 
the standard nitrogen, phosphorous and potassium to see if 
additional products could improve soybean vigor or yield in a cost-
effective way. His strip-till soybean system also made ammonium 
thiosulfate (ATS) easy to include because the liquid product could 
be applied with the strip-till pass ahead of planting without 
adding a separate field operation. In that trial, soybeans that 
received an application of ATS plus humic acid yielded 79 bu/ac 
while soybeans that did not receive the application yielded 78 bu/
ac, a difference that was not statistically significant [3]. 

Even though the 2024 sulfur treatment did not increase yield, 
Krueger observed greater in-field growth and vigor where ATS 
was applied and was surprised that the visual response did not 
translate into a measurable yield advantage. Because sulfur 
responses can vary by field, year, soil conditions and weather, he 

wanted another year of data before deciding whether the practice 
was worth adopting. Three other farmers joined Krueger for the 
2025 trial: Chris Gaesser, Brad Staley, and Rob Stout. Together 
they tested a range of sulfur fertilization strategies over a range of 
conditions on their farms.

In a Nutshell:

•	 Sulfur deficiencies can hurt soybean photosynthetic potential and protein content, but 
sulfur levels beyond sufficiency do not bring benefits.

•	 Chris Gaesser, Keaton Krueger, Brad Staley and Rob Stout performed replicated strip trials 
testing whether applying sulfur in various forms would improve soybean yields.

•	 Cooperating farms tested products containing sulfate and sulfide ions at levels ranging 
from 13 to 24 lb S/ac.

Key Findings:

•	 Ammonium thiosulfate (ATS) and ammonium sulfate (AMS) sulfur fertilizers did not 
significantly increase soybean yield at Krueger’s or Stout’s farms compared with no applied 
sulfur.

•	 Gypsum produced a significant soybean yield response at Gaesser’s farm, while Staley saw 
a significant response only when gypsum was paired with the SUPRGrow seed treatment.

•	 Overall, soybean response to sulfur was inconsistent across farms, suggesting that future 
trials should continue testing sulfur source, timing and grain-quality outcomes.
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Keaton Krueger laying down 5 gallons of ammonium thiosulfate per acre while strip-
tilling before planting his soybeans. Photo taken April 15, 2025
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METHODS

Design

Each farm established replicated trials with two treatments:
	 1. Control: soybeans grown with farmer’s standard practices
	 2. Sulfur: soybeans fertilized with sulfur in addition to farmer’s standard practices

Brad Staley planted three total treatments
	 1. Control: soybeans grown with farmer’s standard practices
	 2. Sulfur: soybeans fertilized with sulfur in addition to farmer’s standard practices
	 3. �Sulfur+SUPRgrow: soybeans fertilized with sulfur and with seeds treated with SUPRGrow, a sulfide-containing fertilizer, in 

addition to farmer’s standard practices [4]

Application rates and other management details are shown in Table 1.

All farms planted at least three randomized replicates of each treatment (Figure A1). Replication and treatment randomization allow 
for statistical analysis and conclusions about the effect of treatments on yield.

Measurements

All farms recorded soybean yield in bushels per acre at harvest using yield monitors on their combines. Harvest moisture levels were 
noted, and reported yields were corrected to the standard 13% moisture for soybeans.

TABLE 1: Management at all farms in 2025.

GAESSER KRUEGER STALEY STOUT

Sulfur fertilizer Calcium Sulfate (Gypsum) Ammonium Thiosulfate
Calcium Sulfate (Gypsum) + 
SUPRGrow seed treatment

Ammonium Sulfate

Sulfur fertilizer 
application

18 lb S/ac 13 lb S/ac 18 lb S/ac 24 lb S/ac

Sulfur 
application date

May 6, 2025
April 15, 2025, with spring 

strip-till
April 15, 2025 April 5, 2025

Cover crop Rye, Broadcast Rye, Broadcast None Cereal Rye

Cover crop 
planting date

Oct. 23, 2024 Oct. 24, 2024 -- Oct. 15, 2024

Cover crop 
termination

April 30, 2025 May 12, 2025 -- April 25, 2025

Cover crop 
termination 
method

Preplant herbicide (see 
below)

Glyphosate --
Roundup Powermax3 30 oz/

acre

Tillage No till
Ripped Oct. 15, 2024; Strip-

tilled April 15, 2025
No till No till

Soybean 
population 
(seeds per acre)

150,000 137,500 135,000 150,000

Soybean row-
width

10 in. 30 in. 15 in. 15 in.

Soybean 
planting date

May 5, 2025 April 27, 2025 April 15, 2025 May 5, 2025

Harvest date Oct. 10, 2025 Oct. 10, 2025 Oct. 1, 2025 Oct. 15, 2025

Preplant 
herbicide

32 oz Enlist, 29 oz Interline, 
10 oz Clethodim, 2oz Wetcit

3oz Zidua SC, 30oz Roundup 
Powermax, 28oz Class Act 

NG, 3oz Interlock
Boundary, Dual Magnum Sonic, Sekola,

Post planting 
herbicide

2,4-D, Roundup Powermax 3

29oz Liberty Ultra, 12 
oz Outlook, 32 oz Enlist 
One, 0.2 oz Cadet, 12oz 

Clethodim 2E, 16 oz Max In 
Boron, 24oz Class Act NG, 3 

oz Interlock

Sequence, Enlist1
Everprex, Enlist One, Liberty 

Ultra, Clethodin
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Data analysis

We used an analysis of variance (ANOVA) followed by Tukey’s HSD 
at a 95% confidence level to determine if there were significant 
differences between treatments within each experiment. A 
difference that is determined to be significantly different at 
this level is indicative of treatment effects such that we would 
expect the same results to occur 95 out of 100 times rerunning 
the experiment under the same conditions. We can perform this 
analysis because all farms established completely randomized and 
replicated experimental designs (Figure A1).

RESULTS AND DISCUSSION

Ammonium-sulfur salt fertilizers

Krueger and Stout trialed ammonium thiosulfate (ATS) and 
ammonium sulfate (AMS), respectively, adding 13 and 24 lb 
S/ac to their sulfur treatment strips. Neither cooperator saw 
significant differences between the sulfur-fertilized and control 
plots (Figure 1). The lack of results is consistent both with many 
academic results and with what Krueger found through his 2024 
PFI trial [3], [5], [6], [7], [8].

It is important to note that the ATS and AMS applied by Krueger 
and Stout also contain nitrogen., So, at the rates of ATS and AMS 
they applied, Krueger applied 6 lb N/ac and Stout applied 21 lb 
N/ac in addition to sulfur. Even with these additional amounts 
of nitrogen applied (albeit small amounts), this did not have any 
effect on their soybean yields. 

Young soybeans growing in strip-tilled rows at Keaton Krueger’s farm. Photo taken 
May 2025

FIGURE 1. Soybean yields at Keaton Krueger’s and Rob Stout’s where they compared ATS (ammonium thiosulfate) 
and AMS (ammonium sulfate) vs. no sulfur (control) in 2025. Krueger applied 13 lb S/ac with ATS; Stout applied 
24 lb S/ac with AMS. At both farms, there were no statistically significant differences in soybean yield between the 
treatments at the 95% confidence level.
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Gypsum sulfur fertilizers

Gaesser and Staley both evaluated gypsum as a sulfur source by spreading gypsum at 100 lb/ac, which supplied 18 lb S/ac to their 
soybeans. Staley also included a third treatment that, in addition to receiving gypsum, involved soybean seed treated with SUPRGrow 
(SG), a sulfur-containing seed treatment intended to prime seeds for sulfur uptake. At Gaesser’s farm, soybean yield was significantly 
improved with the gypsum compared with the control treatment at the 95% confidence level (Figure 2). At Staley’s farm, yield differed 
significantly only between the control and the gypsum+SG treatment; gypsum alone did not differ significantly from the control at 
Staley’s.

Staley’s SUPRGrow seed treatment was applied to the seed before the seed was put into the planter box. It is an aqueous solution of 48% 
potassium dibutyldithiophosphate with a component analysis of 0-5-6-10 [4]. The sulfur in the dibutyldithiophosphate in SUPRGrow 
exists as sulfide (S2-), which is less stable in the soil than the sulfate ions in gypsum and ATS, but is more readily available to the plant; 
sulfate is reduced to sulfide by the plant before being synthesized into cysteine molecules [1]. Staley’s application of SUPRGrow to 
the seeds was meant provide the seedlings a biologically available source of sulfur to jump-start their metabolization of sulfur and 
their growth [4]. Given that Staley’s gypsum treatment had yields that were not significantly different from either the control or the 
combination gypsum+SG treatment (Figure 2), we deduce that the difference in response is due to the added seed treatment. It is 
not clear whether there could be an additive effect of the gypsum and the SUPRGrow, or whether, given the low absolute amounts of 
nutrients included in the seed-coating volumes of SUPRGrow, the seed treatment had an enabling effect. Perhaps, by coating the seed 
with a partially stabilized but available solution of key macronutrients, the soybean seedlings were granted some advantage which 
enabled them to benefit more from the available sulfur. A fully iterated experiment which also tested SUPRGrow treatment alone 
without the gypsum could have helped parse out the effects.

Gypsum is the common name of calcium sulfate. Calcium sulfate is soluble in water and does not affect pH. The sulfate ions that 
dissolve out are the same ions that are in ATS and AMS and are the form that is most readily available in soils for plants to uptake. 
While there is no chemical reason that they should perform differently, some sources treat these different sulfur sources as different 
treatments and find differences in plant performance [9], [10], [11], and others do not [2], [12].

Reflecting on his two years of trialing ATS fertilization of soybeans, Krueger hypothesized that the soybeans might benefit more from 
sulfur being provided later in the year, as the seeds are filling. However, in this trial, all cooperators provided the fertilized sulfur at, 
just before, or just after planting in the spring, and all the sulfur was provided in soluble and available forms ions that would not be 
expected to linger for months in the soil.

FIGURE 1. Soybean yields at Chris Gaesser’s and Brad Staley’s comparing gypsum vs. no sulfur (control) in 2025. 
Both farms applied gypsum at 100 lb/ac, resulting in 18 lb S/ac. Staley also tested a third treatment, gypsum+SG: 
in addition to applying gypsum, soybean seed was treated with SUPRGrow (SG), a sulfur-containing seed treatment 
intended to prime seeds for sulfur uptake. Asterisks (*) indicate soybean yields from the gypsum treatment at 
Gaesser’s and the gypsum+SG treatment at Staley’s were statistically greater than their respective control treatments 
at the 95% confidence level. Gypsum alone at Staley’s did not differ significantly from the control.
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APPENDIX – TRIAL DESIGN AND WEATHER CONDITIONS

FIGURE A1. Experimental design used by Gaesser, Krueger, Staley, and Stout

CONCLUSIONS AND NEXT STEPS

Across the four farms in this trial, sulfur fertilization produced mixed soybean yield responses. Krueger’s ammonium thiosulfate and 
Stout’s ammonium sulfate treatments did not significantly affect yield compared with the controls; adding readily available sulfur in 
these systems did not translate into a measurable yield benefit in 2025. Results from the farms using gypsum were more variable: 
Gaesser saw a significant yield improvement from the gypsum, while Staley saw a significant improvement only when gypsum was 
paired with the SUPRGrow seed treatment; gypsum alone did not differ significantly from the control. 

The pattern of greater responses from gypsum-treated plants is intriguing and could merit further investigation.
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FIGURE A2. Monthly cumulative precipitation (left) and temperature (right) in Lenox, Ogden, Hampton, and 
Washington Iowa [13], [14].
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PFI COOPERATORS’ PROGRAM
PFI’s Cooperators’ Program helps farmers find practical answers and make informed decisions through on-farm research projects. 

The Cooperators’ Program began in 1987 with farmers looking to save money through more judicious use of inputs. 
If you are interested in conducting an on-farm trial contact Stefan Gailans @ 515-232-5661 or stefan@practicalfarmers.org.
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