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SULFUR FERTILIZATION FOR SOYBEANS

Sulfur (S) nutrition for plants has become a hot topic because
of the 1) reduction in atmospheric S deposition resulting
from reduced S emissions from factories and power plants,
2) increased crop removal of S because of higher yields, and
3) long-term decreases in soil organic matter.  Click here for
a summary of S fertility for soybeans.  Pertinent points to
consider for S nutrition in soybeans follow.
• Sulfur is a component of the amino acids methionine and

cysteine, and these two essential amino acids are often
insufficient in protein derived from soybeans.

• Sulfur is essential for protein synthesis as well as for
nodulation and nitrogen fixation in soybeans.

• Soybean grain removes about 1.7 lb of S per 10 bushels
of grain, or about 12 lb/acre for a 70 bu/acre yield.

• The sulfate ion (SO4) is the form primarily absorbed by
plants.  Sulfate-S is mobile in most soils; thus, it is
subject to leaching, especially from sandy soils.
However, once S is incorporated into plants, it has low
mobility.

• Soil organic matter (SOM) is the main source of S in
most soils.  Thus, if fertilizer S in not applied to the soil,
the main source of S will be the mineralization of SOM
by soil microbes.  Coarse-textured and low-organic
matter soils are those most likely to be S-deficient.

• Sulfur levels in soil are generally considered low at 0-5
ppm, moderate at 6-8 ppm, and sufficient at >10 ppm.

• Traditional soil testing is not a good predictor of S
deficiency because of the transient nature of S
availability, its mobility away from the crop root zone
prior to crop need, and the lack of calibration of soil tests
to predict S deficiency in plants.  Also, commonly-used
soil tests likely will identify fields that have sufficient S,
but are not very good at identifying those fields that will
benefit from added S.

• Since the plant-available form of S from the soil is SO4,
apply a SO4-containing fertilizer for an immediate crop
response.  These products should be applied close to
peak crop demand to reduce loss by leaching.  If a
fertilizer containing elemental S is used, it must be
applied well in advance of the crop’s need.

• Ammonium sulfate (21-0-0-24S), ammonium thiosulfate
(12-0-0-26S), and calcium sulfate or gypsum (0-0-0-17S)
are the most commonly used sulfate fertilizers.
Potassium sulfate (0-0-50-18S) is a fertilizer that contains
both potassium and S.

• Tissue testing of the appropriate plant part at the
appropriate time is recommended to definitively identify
an S deficiency.  For soybeans that are < 12 in. tall,
sample the whole plant; for larger plants, sample the most
recently matured trifoliate.  Click here for S sufficiency

level in soybeans.
• Preliminary data indicate that a 1 to 1.5 bu/acre yield

increase resulting from S fertilization will pay for the
fertilizer amount that will normally be applied to S-
deficient soils.  Of course, this will depend on both the
price of the selected fertilizer and the expected
commodity price at harvest or sell time.

• Sulfur occurs in protein in a ratio of 1 part S to about 15
parts nitrogen (N).  Thus, the N:S ratio of soybean plant
tissue as well as the S concentration in the plant are used
to identify an S deficiency–i.e., the lower the S
concentration and the higher the N:S ratio, the more
likely there is an S deficiency in the soybean plant.

Research conducted in West Tenn. in 2015-2016 provides
information about S fertility for soybeans grown in the
Midsouth.  Details of and results from that research are
reported in an article titled “Corn and soybean response to
sulfur fertilizer in West Tennessee” that appears in the online
journal Crop Forage & Turfgrass Mgmt.
(https://doi.org/10.1002/cft2.20092).  A summary of the
activity associated with that research follows.
• The objectives of the study were to 1) identify optimal at-

planting S for corn and soybean yield, and 2) evaluate the
effect of S rate on crop growth and yield, leaf nutrient
level, and seed S content.  Soil pH at the site averaged
6.7 and SOM averaged 1.8%.

• No-till experiments were conducted without irrigation in
2015 and 2016 on a site with silt loam soil.  Each year, a
corn crop was preceded by soybean, and a soybean crop
was preceded by corn.  The site used in the study was
chosen because it had a history of visual S deficiency in
corn.

• Ammonium sulfate was broadcast-applied at 0, 10, 20,
and 30 lb S/acre at planting.

• Soybean canopy color did not differ among S rates at R1,
but the S fertility treatments did result in a visibly greener
canopy later in the season at the R5 stage.  However,
soybean leaf S concentrations did not differ among S
treatments at early bloom.

• Soybean seed weight did not differ among S fertility
treatments.

• Soybean seed S levels increased from 0.23% for the no-S
fertilizer treatment to 0.27%, 0.29%, and 0.29% for the
three treatments that had added S fertility.  Thus, S
fertility resulted in a significant seed S increase.

• Soybean yield in the four S fertility treatments ranged
from 51 to 54 bu/acre in 2015 and from 62 to 64 bu/acre
in 2016; the differences among the S treatments were not
significant in either year.
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• From their results, the authors concluded the following. 
1) An S application to soybean grown on a site with
characteristics similar to those in this study is not
warranted from a yield increase standpoint, but may be
considered if increased seed S is desired.  2) Plant tissue
analysis did not indicate an S deficiency in soybean, even
where visual S-deficiency symptoms were observed.  3)
Tissue sampling at R1 may be too early and not useful
for predicting later-season S deficiency or sufficiency in
soybean.

An article in the European Journal of Agronomy titled
“Sulfur fertilization in soybean: A meta-analysis on yield and
seed composition” (EJA 127, July 2021, 126285)  by
numerous authors was published in Apr. 2021.  Pertinent
points from this article follow.
• The objectives of the analysis were to 1) quantify the

effect of S application at different growth stages on
soybean yield and seed S content, and 2) identify the
main environmental factors that affect soybean response
to S fertilization.

• Field experiments were conducted in 2017-2019 at 18
locations in 8 U.S. states (including Ark.) for a total of
44 unique site-years.

• Soybean is the leading crop in the world for protein
production.  However, soybean meal is known for having
low concentrations of sulfur-containing amino acids
(SAA) relative to other amino acids.

• The developmental stage of soybean at which S
deficiency occurs affects the expression of quality traits
in soybean seed.

• The soil’s S supply is dependent on the mineralization of
SOM.

• S mobilization from vegetative to reproductive soybean
tissues is less efficient than N mobilization.  Even if
soybean accumulates high amounts of S in its leaves, this
S is unavailable to meet needs of the plant during
reproductive development.

• The above two points suggest that S management for
improving soybean seed quality must assure sufficient S
late into plant development.

• Application of S at planting resulted in a 1) 1.7% yield
increase, 2) 0.4% increase in seed protein, 3) 0.3%
increase in essential non-SAA, and 4) 1.0% increase in
SAA.

• Seed SAA level increased regardless of the S fertilization
timing.

• Air temperature, SOM, drought stress, and soil S
concentration were significant contributors to the
variation in yield and seed quality responses to S
fertilization. 

• The high variation in response to S fertilization across

the environments in this analysis should be considered as
a limiting factor in developing specific conclusions
and/or recommendations for S fertilization of soybean to
improve yield and seed quality.

• The finding that seed protein concentration was increased
only by S application at planting may be related to the
added S improving biological N fixation.

The information in the preceding narrative supports the
following guidelines for S fertilization of soybean in the
Midsouth.  1) Consider S fertilizer application to coarse-
textured soils with low organic matter since this is likely
where an S deficiency in soybean will occur.  2) Both
traditional soil testing and visual difference in greenness of
the soybean canopy are poor indicators of potential or actual
S deficiency in soybean that is associated with seed yield. 
Rather, use tissue testing during critical growth stages (likely
at about R5) to determine S deficiency or sufficiency in
appropriate soybean plant tissues.  3) Sulfur fertilization of
soybeans may be warranted on S-sufficient soils if an
increase in seed S [especially S-containing amino acids] is
the goal.  4) Apply an SO4-containing fertilizer as close to
the crop need as possible for an immediate crop response.  5)
A positive response of soybean to S fertilization is highly
dependent on weather variables, absence of drought stress,
and SOM content.

Additional points that should be considered regarding S
fertility follow.
• Elemental S must be oxidized by soil microorganisms

before it is available to plants.  Most elemental S
oxidation is catalyzed by a diverse population of soil
microbes.

• Elemental S oxidation occurs on the surface of the S
particles.  Thus, the rate of oxidation depends on the
surface area rather than the quantity of elemental S that
may be applied as fertilizer.

• Generally, S particles must be less than about 20 µm in
diameter and effectively dispersed in the soil for them to
significantly contribute to satisfying early-season crop S
requirements.

• Elemental S oxidation is suppressed when S particles are
close to each other.  Therefore, broadcast vs. banded
application of elemental S fertilizer will be more
effective.

MAY 2023 UPDATE

Results from research conducted in Ohio and reported in an
article titled “Ohio grain crop response to sulfur fertilization”
by L. Fleuridor et al. [ Agron. J. 2023;1-10,
https://doi.org/10.1002/agj2.21328] support research results
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cited above.  Peertinent points from the Ohio research
follow.
• 34 soybean field trials were conducted in 16 counties on

16 different soil series from 2013 to 2021.
• At least two treatments [S fertilized and unfertilized]

were used at each location.
• Across all trials, S fertilization did not affect grain yield

of soybean; it increased soybean seed yield in only 3 of
the 34 trials.

• Across all trials, both leaf S and seed S concentration
were significantly increased by S fertilization.

• Relative to soybean seed yield, both leaf and seed S
concentrations were more directionally positive in
response to S fertilization.

• Overall results showed that 1) soybean seed yield
responses to S fertilization were rare across locations and
soil textures that ranged from loam to clay, 2) tissue and
seed S concentrations were more frequently affected by S
fertilization than was seed yield, and 3) common soil
tests and leaf and seed diagnostic tests for S deficiency
are poor predictors of soybean yield response to S
fertilization.

• These results led the authors to conclude that S
fertilization is not now needed to optimize soybean
production in Ohio.

All of the above-cited results from research with S
fertilization of soybeans lead to the following conclusions. 
1) Most soils do not now need S fertilization to optimize
soybean seed yield.  This may change with continually
high and/or increasing seed yields.  2)  Definitive soil and
plant diagnostic tests for S deficiency that may be related
to soybean yield are lacking.  3) Tissue testing of the
appropriate plant part at the appropriate time during
the growing season is recommended to definitively
identify an S deficiency.  4) Consider S fertilizer
application to coarse-textured soils with low organic
matter since this is likely where an S deficiency in
soybean will occur.  5) Sulfur fertilization of soybeans
may be warranted if an increase in seed S [especially S-
containing amino acids] is the goal.  6) A positive
response of soybean to S fertilization is highly dependent
on SOM content.
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