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Examining Sulfur Rates for Wheat and  
Split Application versus a Single Broadcast

Daniel Kaiser, Department of Soil, Water, and Climate, U of M

Research Question

Traditionally, sulfur responses have been limited to 
coarse textured or other soils low in organic matter 
that have little potential for sulfur mineralization.  In 
the past, the burning of fossil fuels has contributed 
a significant amount of sulfur through deposition in 
rain.  Also, many phosphorus fertilizers contained 
sulfur as impurities, which lessened the need for 
the application of sulfur to soils.  However, a sharp 
decrease in the amount of sulfur applied by atmo-
spheric deposition has been observed since about 
1980 and fertilizers have become more refined such 
that less incidental sulfur applications are being 
made.  With higher yielding environments becoming 
more common with many crops and with high com-
modity prices, farmers are questioning whether sulfur 
is a limiting nutrient in their fields and if fertilizer sulfur 
is needed to maximize yields.  With fertilizer prices 
on the increase, determining what situations warrant 
application and what source should be applied is 
important to maximize the amount of crop response 
for each dollar spent on fertilizer.    

Sulfur is an important nutrient in that it is involved 
in protein synthesis in the plant, which can have an 
impact on photosynthesis and grain quality.  In the 
soil, sulfur can exist in many organic and inorganic 
forms, although plants only take up sulfur in the diva-
lent anion form (SO4

2-).  Like nitrate nitrogen, sulfate 
anions are not attracted to the soil cation exchange 
capacity and are free to be leached out of the soil.  
In-season applications of nitrogen are recommended 
for crops to limit the loss of nitrate.  For wheat grown 
in coarse textured soils it is recommended that some 
of the nitrogen be applied before planting and the 
rest between tillering and jointing.  No similar recom-
mendations exist for sulfur.  Since sulfate is an anion 
similar to nitrate, would a split application of sulfur 
be beneficial over a single broadcast application to 
maintain a soil sulfur concentration that is adequate 
to maximize crop growth and yields and increase 
grain protein content when sulfur levels are deficient?  
Recently, slow-release fertilizers sources containing 
sulfur have become commercially available.  These 
fertilizers keep sulfur in forms which are not easily 
leached and become slowly available over the grow-

ing season, but little published research has utilized 
these products to determine if they are more efficient 
than more soluble sources.  
  
Currently there is no reliable soil test for sulfur in 

soils of medium to fine texture with adequate soil 
organic matter.  Current recommendations state 
that 25 lbs of sulfate sulfur is adequate to increase 
yields.  However, little research has been conducted 
to confirm this recommendation.  Trials were previ-
ously conduced in the early to mid 1990s on hard 
red spring wheat grown in Minnesota that examined 
different sources of sulfur applied as a pre-plant and 
foliar application (Rehm, unpublished data).  Two 
studies were conducted, each at one location, with 
mixed results.  None of these projects were designed 
to compare sulfur application rates and few sites 
were included in each study.  Additional studies need 
to be established at multiple sites over multiple years 
to study if current recommendations are adequate to 
supply the sulfur needs for crops grown in Minnesota.    
  
A research project is proposed to examine current 

sulfur recommendations with currently marketed 
sulfur fertilizer sources.  Specific objectives of this 
research will include: 1) study the impacts of sulfur 
fertilization rates on wheat growth, sulfur uptake, 
yield, and grain protein content; 2) determine if a 
slow-release fertilizer source is more efficient at sup-
plying sulfur to wheat throughout the growing season 
as compared to a highly soluble form (ammonium 
sulfate); and 3) compare wheat response to apply-
ing sulfur according to current recommendation as a 
single pre-plant broadcast application versus a split 
application of half the recommended rate broadcast 
pre-plant and half applied in-season.

Results

   Analysis across locations showed no increase in 
plant mass at tillering following sulfur application 
(data not shown).  The effects of sulfur rates were not 
different between the two products.  However, aver-
ages across sulfur rates for each product were signifi-
cantly different with plots receiving MES-15 showing 
a slightly higher total biomass (0.02 tons per acre).  
This result is unexpected since all other nutrients 
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were applied at similar rates to balance N and P ap-
plied and the effect of elemental sulfur would not be 
expected to be significant early in the season.  Also 
there was no significant affect from sulfur application 
so the reason for the response is unclear at this time.  
The significantly higher total biomass also caused 
an increase in sulfur uptake between the two sulfur 
sources (not shown).  Again there was no effect from 
sulfur rate.  Sulfur uptake was only 4 lbs S per acre 
at tillering when averaged across locations, products, 
and sulfur application rates.  It is likely that sulfate in 
the soil was high enough to satisfy early plant needs 
since total sulfur levels (based on the Ca-phosphate 
sulfur test) were at least four times greater in the top 
six inches than the amount taken up per acre. 

   At the soft dough growth stage plant weights and 
sulfur uptake was significantly increased with sulfur 
application at tillering (Table 2 and 3).  Average mass 
of all above ground plant parts at soft dough was 
nearly 4.0 tons dry matter per acre across products 
and sulfur rates.  Application rate at tillering signifi-
cantly increased dry plant weight by 0.1 tons per 
acre.  However this response was only seen with the 
25 lb S rate and a large response to sulfur would not 
be expected unless there was low available sulfur in 
the soil.   Results for sulfur uptake at soft dough were 
similar to plant weight.  Sulfur uptake was increased 
by 2.0 and 8.6% for the 12.5 and 25 lb S rates, re-
spectively.   This increase only accounted for a small 
amount of the total sulfur applied.  Also, the total 
uptake was equivalent to the smallest fertilizer rate 
applied (between 12 and 13 lbs. S per acre).  The 
fact that the spring application did not increase plant 
weight or sulfur uptake indicates some increased effi-
ciencies for in-season application.  However, the data 
provided cannot determine the utilization of sulfur 
within the plant and increased uptake is irrelevant to 
producers if is does not produce an effect on yield or 
protein.  Analysis has yet to be completed on sulfur 
uptake in grain.  Although, it is reasonable to assume 
that some additional sulfur is taken into the grain 
based on past research.  One interesting compari-
son was uptake between tillering and the soft dough 
stage.  Using site averages sulfur taken up at tillering 
accounted for nearly one-third the total amount in the 
plants at tillering and two thirds taken up between 
tillering and soft dough.  Increased sulfate content at 
this time from the tillering application may explain the 
increased uptake in the soft dough samples.  

   Grain yield (Table 4) and protein (Table 5) were not 
affected by sulfur application across locations.  Analy-

ses across locations show no yield increase from sul-
fur application.  There were no significant interactions 
between main treatment effects and year or locations 
indicating no clear differences in sulfur responses 
at individual locations.  Even though soil tests for 
sulfur are not recommended outside of sandy soils, 
analysis of soil samples taken to 2 feet shows a large 
amount of sulfur in the profile at most locations (Table 
1).  The lowest total sulfur levels in the top 2 feet 
were at the Le Sueur County and were nearly 70 lbs 
of S per acre.  Data from the Red River Valley were 
always higher, which is likely due to sulfur mineral-
ized from gypsum in the soil profile.  Comparisons 
between products show no significant effect of sulfur 
source at any locations.  Similar results were seen 
for grain protein responses except there were some 
small differences at one location.  This was due to a 
small protein increase of less than 0.5% at Norman 
County in 2008 (data not shown).  However, protein 
levels were already above discount levels thus the 
application of sulfur would not have provided any 
positive economic benefits.  Part of the response, 
or lack of, may be due to differences in potential 
response between varieties with differing protein 
potentials. The current research product could not 
predict this response.  It may be possible to increase 
yield and protein in soils lower in organic matter, but 
that cannot be determined without further study.  

   Comparisons between a single and split applica-
tion of sulfur show not clear benefit from the split 
application of sulfur on the sites studied.  Uptake 
was greater with the split application mainly due to 
increases after the tillering application, but the in-
creased uptake was not translated into higher yields 
or grain protein content.  Differences may exist in the 
ratio of nitrogen and sulfur in the grain; however, this 
may only change the type of protein in grain and not 
the total amount.  If spring wheat is grown on sandy 
soils a split application of sulfur may be beneficial 
due to potential for leaching losses.  Research in 
other crops has shown that sulfur does move in fine 
textured soils and in the case of corn the measured 
movement was only around 1 foot within the soil 
profile.  While it is possible that some of the applied 
sulfur did leach under the studied conditions, it still 
is likely that a single application would be sufficient 
if needed.  The lack of response to sulfur made the 
assessment of differences between a product that 
releases sulfur slowly (elemental sulfur in MES-15) 
with AMS.  The sulfur rates used in this study may be 
more than adequate to increase the uptake of sulfur.  
Also, differences in uptake of sulfur were only 1 or 2 
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lbs per acre (Table 3) which is less than the amount 
of readily available sulfur applied in any treatment.

Application/Use

The data from this trial indicates no benefit from 
sulfur applied to soils in the Red River Valley, or one 
location in Southern Minnesota.  In both cases it was 
likely there was adequate mineralization of S from 
soil organic matter.  Neither yield nor protein was 
significantly increased enough to pay for the fertilizer 
at any location.  Sulfur uptake was affected by appli-
cation, but this did not cause measurable increases 
in protein content or yield and likely only affected 
the ratio of nitrogen to sulfur in the grain.  Unless 
spring wheat producers have fields on sandy soils 
with very little soil organic matter the application of 
sulfur should not be considered as high a priority as 
nitrogen application.  The in-season application did 
appear to constantly increase sulfur uptake relative 
to a single application before seeding and there was 
no clear benefit from a fertilizer source that slowly 
releases sulfur.    

Materials and Methods

Six trials were conducted over two years.  Five 
trials were located in the Red River Valley (Table 1) 
and one trial was located in southern Minnesota (Le 
Sueur Co.).  Soil types varied by location but none 
were on sandy soils with low organic matter.  Con-
ventional small plot research trials were established 
at each location.  Treatments applied were a combi-
nation of two fertilizer sources, four sulfur application 
rates, and two application timings.  Fertilizer sources 
were ammonium sulfate (21-0-0-24) and microess-
entials S-15 (MES-15) (10-33-0-15).  Briefly MES-15 
is manufactured with mono-ammonium phosphate 
(11-52-0) and sulfur which is supplied by ammonium 
sulfate and elemental sulfur.  Sulfur in the elemental 
form is not readily available until it is mineralized to 
the sulfate form.  This mineralization is a gradual pro-
cess thus this fertilizer form can be considered slow 
release.  Application rates were 0, 12.5, 25, and 37.5 
lbs of S per acre.  Timing of application was before 
seeding and at tillering.  At tillering, only ammonium 
sulfate was applied and only at 0, 12.5 and 25 lbs of 
S per acre.  At this application, all pre-seeding rate 
plots were split into thirds and a singe rate of S was 
applied to each.  A single variety, Glenn, was planted 
at each location.  Glenn was selected because it is a 
high protein potential.  Additional fertilizer nitrogen, 

phosphorus, and potassium were applied at rates ad-
justed to apply the same rate of nutrients in all plots.  
All other practices, tillage and pest control, were 
consistent with farmers’ normal practices for spring 
wheat in the particular region grown.  

At tillering, 3 linear foot of row were sampled from 
each main plot (pre-seeding application rate).  The 
entire above ground plant parts was sampled, dried, 
ground and analyzed for sulfur uptake.  Each sub-
plot consisting of combinations of pre-seeding x 
in-season fertilizer application was sampled at the 
soft dough growth stage.  At that time the above 
ground portion (biomass and grain) of 3 linear foot 
of row was sampled, dried, ground, and analyzed 
for the total season sulfur uptake.  All sub plots were 
harvested with a research grade combine and grain 
was tested for percent moisture and protein.  All yield 
measurement presented are adjusted to 13.5% mois-
ture.  All statistical analysis were conducted with SAS 
and each treatment or interaction was considered 
significant when it differed at the P < 0.10 probability 
level.

Economic Benefit to a Typical  
500 Acre Wheat Enterprise

This research shows no economic benefit to the 
application of sulfur for spring wheat grown in the 
Red River Valley.  For a typical 500 acre operation a 
recommended application rate of 25 lbs of S per acre 
could potential cost $9 per acre or $4,500 for 500 
acres [assuming $300 per ton for ammonium sulfate 
and the N applied is subtracted from anhydrous am-
monia needs ($0.30/lb N) = $0.36/ lb S].  At current 
prices this investment could pay for 30 lbs of N (at 
$0.30 per pound) and has been shown to increase 
yield or protein more consistently which may have 
been beneficial in 2008 and 2009 when protein levels 
were low.  

Related Research

Grain samples from this experiment have been 
further studied at North Dakota State University for 
baking quality.  This stems from questions raised in 
the western United State on poor baking quality of 
spring wheat grown on research plot where sulfur 
was the only nutrient not applied.  At this time there is 
no data available from this work.  Samples from both 
2008 and 2009 were sent in for analysis.  Research 
is currently under way examining sulfur applica-
tion to corn and soybeans on fine textured soils in 
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southern Minnesota.  This research funded by the 
Minnesota Soybean Research and Promotion council 
has been studying corn and soybean response to 
planter banded sulfur using field scale strip trials.  
Larger strip trials were established in farmers’ field 
in 2008 and 2009 where a single rate of broadcast 
sulfur and combinations of nitrogen, phosphorus, 
and sulfur banded with the planter were compared.  
This research has found differing results for corn 
and soybeans.  At corn sites with fine soil textures 
responses, were only seen when soil organic matter 
levels were around 2.5% or less in the top six inches, 
and the potential for large yield increases dramatical-
ly increased the lower the organic matter level.  This 
raises future research questions for spring wheat 
grown in regions outside of the Red River Valley 
under the same conditions. 

 This research project attempted to replicate a simi-
lar trial on similar soils in southern Minnesota, but soil 
organic matter levels appeared to be high enough to 
mineralize enough sulfur for the crop.  Rate response 
data from additional trials has shown that application 

Table 1. Soil series and soil test information for trial locations. 
Soil Sulfur Content by Depth

Series Texture† Olsen P K pH OM 0-6” 6-12” 12-24”
--------ppm-------- ---%--- ------lbs S per acre------

2008 Red Lake Radium LS 10 124 8.1 4.0 15 16 46
Norman Fargo SC 12 332 7.3 6.7 16 69 77
Rosseau Enstrom LFS 18 140 8.0 3.6 33 na na

2009 Le Sueur Lerdal C 24 159 6.6 3.1 15 20 35
Red Lake Radium LS 8 138 8.5 5.6 18 37 80

 Norman Fargo SC 25 307 7.8 5.7 25 14 82
†C, clay; LFS, loamy fine sand; LS, loamy sand; SC, silty clay. 

    

rates needed in some of these situations were lower 
than the 25 lbs recommended for sandy soils.  At 
soybean locations soybeans responded early in the 
season in terms of plant biomass, but yields were not 
increases by sulfur application.  Overall, this project  
and several others will be studied and brought  
together in a revised recommendation for sulfur  
application for crops in Minnesota.

Recommended Future Research

Future research on sulfur management should in-
volve potential differences in varieties and response 
to sulfur.  This is one question that was raised from 
this research since only Glenn was used.  Further 
research should be conducted with varieties of vary-
ing protein potentials to determine if there is a greater 
effect on protein.  Also, assessments of soil organic 
matter level and response to sulfur may be warranted 
to study if low soil organic matter levels, even in fine 
textured soils, may be highly responsive to sulfur  
application.
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Product Pre-seeding Tillering S Rate (lb S/ac)
S Rate 0 12.5 25 avg

--lb s/ac-- ----- % -------
AMS 0 14.9 14.9 14.9 14.9

12.5 15.0 14.9 15.0 15.0
25 15.0 14.8 14.9 14.9

37.5 14.8 14.9 14.8 14.8
avg 14.9 14.9 14.9 14.9

S15 0 15.0 15.0 15.0 15.0
12.5 14.9 14.9 14.9 14.9
25 14.9 14.8 14.9 14.9

37.5 14.9 14.9 14.8 14.9
avg 14.9 14.9 14.9 14.9

Overall avg 14.9 14.9 14.9 14.9

Table 4.  Average grain protein content by product, 
sulfur rate, and timing.

Product Pre-seeding Tillering S Rate (lb S/ac)
S Rate 0 12.5 25 avg

--lb s/ac-- ----- tons dry matter/ace -------
AMS 0 88.0 86.5 86.5 87.0

12.5 87.4 87.2 84.2 86.3
25 88.4 85.9 87.5 87.2

37.5 86.1 86.1 85.7 86.0
avg 87.5 86.4 85.9 86.6

S15 0 87.5 88.0 89.2 88.2
12.5 86.9 86.3 86.1 86.4
25 86.3 87.2 86.2 86.6

37.5 88.0 89.7 87.3 88.3
avg 87.2 87.8 87.2 87.4

Overall avg 87.3 87.1 86.6 87.0

Table 5.  Average grain yield by product,sulfur rate, 
and timing.

Product Pre-seeding Tillering S Rate (lb S/ac)
S Rate 0 12.5 25 avg

--lb s/ac-- --- tons dry matter/acre ----
AMS 0 3.94 4.03 3.93 3.97

12.5 4.01 3.85 4.21 4.02
25 4.04 4.07 4.18 4.09

37.5 3.81 4.14 4.08 4.01
avg 3.95 4.02 4.10 4.02

S15 0 3.92 3.89 4.03 3.95
12.5 3.97 3.95 3.99 3.97
25 3.92 3.82 3.98 3.91

37.5 4.13 3.71 4.22 4.02
avg 3.98 3.84 4.06 3.96

Overall avg 3.97 3.93 4.08 3.99

Table 2.  Average plant weight at soft dough by  
product, sulfur rate and timing.

Product Pre-seeding Tillering S Rate (lb S/ac)
S Rate 0 12.5 25 avg

--lb s/ac-- --- lbs of S/acre --
AMS 0 11.2 12.2 12.2 11.9

12.5 11.8 11.6 13.7 12.4
25 13.0 12.5 13.0 12.8

37.5 11.8 13.5 13.1 12.8
avg 12.0 12.5 13.0 12.5

S15 0 10.7 11.9 12.7 11.7
12.5 12.1 12.5 12.9 12.5
25 12.5 11.9 12.7 12.3

37.5 12.8 11.8 13.9 12.8
avg 12.0 12.0 13.0 12.4

Overall avg 12.0 12.2 13.0 12.4

Table 3.  Average sulfur uptake at soft dough by 
product, sulfur rate, and timing.
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