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

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

Research Question

Decreased additions of sulfur to the atmosphere 
through low sulfur diesel fuel and reductions in indus-
trial emissions have lead to a decrease in incidental 
deposition of sulfur for crops.  This has left some to 
question if sulfur needs to be supplied to most crops 
as fertilizer.  Current recommendations for sulfur fer-
tilizer applications in Minnesota are limited to sandy 
soils with low organic matter contents.  A single 
broadcast application of 25 lbs of sulfur or 10 to 15 
lbs applied with the drill is typically sufficient in sandy 
soils.  However, responses to sulfur in corn grown 
on fine textured soils have lead to questions about 
other crops.  In fine textured soils the organic matter 
generally will mineralize around 4 pounds of sulfur 
per percent organic matter based on previous work 
in Minnesota.  These rates are generally enough to 
maximize yields for most crops.   Sulfur is essential 
in plant and grain protein which can be important 
in crops such as wheat that are sold based on their 
quality.  Therefore, it is important to study sulfur 
response in light of the current situation to make sure 
not only yields, but also grain quality is being maxi-
mized, and whether the current recommendations 
are relevant for the current environmental conditions 
around the state.  

Sulfur is taken up into plants in the sulfate form, 
which in the soil, is susceptible to leaching losses.  
Soil organic matter contains a large storehouse of 
sulfur for plants, but must be mineralized before 
plants can utilize it.  In cool wet springs or in soils 
with low organic matter levels, plant available sul-
fur may remain low and additional fertilizer may be 
required.  If a highly soluble source of sulfur fertilizer 
is applied to soils with a high leaching potential sulfur 
may move out of the root zone before it is needed.  
Nitrate nitrogen is also in a form that is highly sus-
ceptible for leaching losses.  Split applications of 
nitrogen are recommended on sandy soils to limit the 
potential for loss.  Would spring wheat benefit from 
a split application of sulfur relative to the pre-plant 
application, and if a deficiency is seen will an in-
season application of sulfur be sufficient to correct a 
deficiency?  Slow release forms of nitrogen are being 
marketed as an alternative that limits N losses by 

protecting the nitrogen from losses by either creating 
a barrier that prevents N loss or keeping it in a form 
that is less susceptible for losses early in the sea-
son.  Slow release sulfur fertilizers are rare although 
elemental sulfur can easily be found and is in a form 
that will slowly become available as it is mineralized 
throughout the growing season, but may not be avail-
able early in the season when uptake of many nutri-
ent including sulfur can be rapid.  Would a balance 
of highly- and slowly soluble fertilizer sources act like 
a slow release fertilizer source and keep more sulfur 
available throughout the season, and would this be 
beneficial in terms of yield and protein content in 
wheat?  

The focus of this study is to compare how wheat 
growth, yield, and grain quality are affected by sulfur 
fertilization.  Specific objectives of this study are to; 
1) study the impacts of sulfur fertilization rates on 
wheat growth, sulfur uptake, yield, and grain pro-
tein content; 2) determine if a slow-release fertilizer 
source is more efficient at supplying sulfur to wheat 
throughout the growing season as compared to 
a highly soluble form (ammonium sulfate); and 3) 
compare wheat response to applying sulfur accord-
ing 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.

Methods

Three trials were established in 2008, two on 
coarse textured soils (Oklee and Strathcona) and one 
on a fine textured soil (Perley) (Table 1).  Initial soil 
samples were collected from each replication prior to 
treatment application from the 0 to 6, 6 to 12, and 12 
to 24 inch depth increments except for the Strathco-
na location where only 0 to 6 inch sample was taken 
due to stones in the profile at 8 inches below the soil 
surface.  At all locations a single spring wheat variety, 
Glenn, was seeded in row spaced 6 inches apart at a 
rate to establish a final stand of 32 plants per square 
foot.  Additional pest control was completed accord-
ing to recommended practices for the region.

Two fertilizer sources, ammonium sulfate (AMS) 
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(21-0-024) and micro-essentials S-15™ (Mosaic) 
(MES-15) (13-33-0-15), were applied before seed-
ing at rates of 0, 12.5, 25, and 37.5 lbs of S per 
acre.  Micro-essential S-15 consists of a mixture of 
mono-ammonium phosphate, ammonium sulfate, 
and elemental sulfur.  The relative proportion of sulfur 
supplied by MES-15 is approximately 50% from am-
monium sulfate and 50% from elemental sulfur.  The 
product MES-15 is not currently being marketed as a 
slow-release fertilizer source, but the elemental sulfur 
contained in the product provides a source of sulfur 
that will be available over the growing season while 
the ammonium sulfate will be available right away 
to insure a constant supply of sulfur throughout the 
season.  At tillering each pre-seeding fertilizer plot 
was split into thirds and no-, 12.5, and 25 lbs of ad-
ditional sulfur was applied as a top dress application 
of ammonium sulfate.  To balance out nitrogen and 
phosphorus applied by treatments, ammonium nitrate 
(34-0-0) and triple-superphosphate (0-46-0) was 
applied so that all treatments received identical rates 
according to the highest rates applied.  Additional K 
(0-0-60) was applied across all plots to limit re-
sponse.  All treatment combinations were replicated 
four times at each location.

Plant samples were taken around the tillering and 
soft dough growth stage dried, weighed, and ana-
lyzed for total sulfur concentration and uptake.  At 
tillering the above ground portion of plants were sam-
pled from 3 feet of linear row in each main plot (32 
samples).  At soft dough the above ground portion 
of 3 liner feet of row were taken from each pre-plant 
and tillering fertilizer combination (96 samples).  A 
5 by 20 foot plot area was harvested for yield (ad-
justed to 13.5% moisture) and a subsample of grain 
was saved and analyzed for protein content and test 
weight.  Statistical analysis was conducted using 
analysis of variance procedure assuming fixed main 
treatment effects (fertilizer source, spring application 
rate, and tillering application rate) and random block 
effects.

Results and Discussion

Plant Response

Analysis of early plant response data shows that 
plant growth (Table 2), sulfur concentration (Table 
3), and sulfur uptake (Table 4) were not affected 
by sulfur source or application rate at any location.  
Average plant growth differed between sites, which is 
reasonable based on planting dates and differences 

in rainfall between sites.  Also, trials at Oklee and 
Strathcona were slightly past tillering when sampled, 
while plants were at tillering at Perley.  Average sulfur 
concentration in plants differed between sites even 
though the same variety was used at all location.  
Differences could not clearly be attributed to soil test 
levels or early season growth, but could be con-
sistent with the growth stage when the plants were 
sampled.  Early plant sulfur uptake was not affected 
at any site which is not surprising based on effects on 
early plant weight and sulfur uptake.   

Plant weight at soft dough was significantly influ-
enced by one or more treatment effects at all loca-
tions (Table 5).  Analysis within sites determined that 
there was no significant increase or decrease in plant 
weight from sulfur source, pre-seeding application 
rate, or application rate at tillering when averaged 
across the other affects at the Perley and Strathcona 
locations.  At Oklee the in-season application rates 
increased plant weight slightly by 2 and 6% for the 
12.5 and 25 lb rates, respectively, when averaged 
across source and pre-seeding application rate.  At 
Strathcona analysis of data shows a slight decrease 
in plant weight as sulfur application rate increased 
from the application of MES-15.  Decreasing plant 
weights were also observed at Oklee and Stratchona 
with increasing S rates from AMS when no additional 
sulfur was applied at tillering, although these results 
failed to reach any statistical difference at the ac-
cepted level.  Reasons for decreased growth are not 
clear; however, they did not have any subsequent 
influence on grain yield or protein content.  

Yield, Grain Protein, and Test Weight

Spring wheat yields were seldom affected by sulfur 
application at the sites studied (Table 6).  Analysis of 
the data showed slightly higher yields (2 bu/ac) with 
an in-season application of sulfur following applica-
tion of MES-15 in the spring across rates at Oklee.  
According to the spring soil test data there would 
be a slight chance of response at this location.  In 
sandy soils a sulfur test value between 7 and 12 
would indicate that responses to sulfur are possible.  
Soil tests below 7 indicate a likely response while 
above 12 would indicate a very small probability 
that sulfur fertilizer will increase yields.  Differences 
between fertilizer sources would not necessarily be 
unexpected since MES-15 contains some elemental 
sulfur which may or may not totally become available 
depending on soil and weather conditions.  The cool 
weather that persisted for long periods this spring 
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may have caused limited sulfur mineralization in the 
soil.  However, differences between yields and re-
sponses for plots receiving AMS and MES-15 where 
no fertilizer was applied are unclear and may indicate 
that responses are due to large variations in soil test 
values within this location.  Soil test results were sim-
ilar in the top six inches at Perley even though yield 
responses were not seen at this location.  However, 
sulfur content below six inches was nearly double 
at this location and it is likely that enough sulfur 
was available in these depths to satisfy crop needs.  
Overall, site average yields were highest at Oklee at 
95.5 bu/ac followed by Strathcona (89.7 bu/ac), and 
Perley (75.0 bu/ac).   

Grain protein levels averaged 15.1, 15.0, and 
15.7% at Oklee, Perley, and Strathcona, respectively 
(Table 7).  Application of 25 lbs at tillering did slightly 
increase grain protein at Perley.  This increase only 
accounted for 0.1% when averaged across products 
and application rates.  At all other locations there 
was no evidence that broadcast sulfur applied before 
seeding helped increase grain protein and that an 
in-season application of sulfur would increase protein 
further that the broadcast application before seeding 
alone or the two applied in combination.  The lack 
of significance between products indicates that for 
this variety the addition of elemental sulfur did not 
increase grain protein.  In contrast, grain test weight 
was significantly affected by one or more treatments 
at Oklee and Strathcona (Table 8).  Differences be-
tween AMS and MES-15 were small but significant at 
Strathcona with an average difference of 0.5 lbs/bu. 
At Oklee, test weight was increased by 1.6 lbs per 
bushel when no- versus 25 lbs of S was applied as 
MES-15 in the spring.  No clear relationship could be 
found between grain yield, protein, and test weight.

First Year Summary
Over the sites studied there was no clear evidence 

that spring wheat yields or grain protein concentra-
tion was increased by pre-seeding, in-season, or 
split application of sulfur.  These sites were selected 
to represent two traditional and one non-traditional 
location thought to respond to sulfur.  It is likely that 
soil organic matter contents at these sites were high 
enough to supply all the sulfur needs of crops even 
though two locations were considered to be coarse 
textured soils.  An additional year of data would be 
beneficial to determine how this year’s climate may 
have affected results.  Further analysis of plant sulfur 
concentration at soft dough and grain sulfur content 

is currently being conducted and results will be avail-
able at a later time.

Related Research

This project is one of five projects currently being 
conducted by researchers at the University of Min-
nesota related to sulfur management.  Three projects 
relate to sulfur management in corn production in 
Minnesota and include sulfur rate studies for corn 
in Northwest Minnesota, sulfur management in corn 
grown in reduced tillage systems, and zinc and sulfur 
management in corn in southern Minnesota.  Another 
trial is currently underway looking at management of 
sulfur through starter fertilizers applied in corn and 
soybeans, and field scale management and variation 
to sulfur fertilizer.  Past projects looking at rates and 
sulfur fertilizers applied to spring wheat, but did not 
integrate all of the components of the current study.  
The long-term goal of this work is to take the cur-
rent studies and combine them with past research to 
update some of our current extension publications to 
provide producers with the most current and up-to-
date information to make the best management deci-
sions for their operations.

Recommended Future Research

The outlook for future research on sulfur is not 
clear based on the results found in this and other 
studies.  Application to coarse textured soils still 
clearly shows the greatest probability of response 
to sulfur fertilization.  Based on visual deficiencies 
this season a location in southern Minnesota will be 
targeted on a field on an eroded side hill with low 
organic matter.  These fields have been increasingly 
reported to be deficient in sulfur and some general-
izations from other research projects this year have 
hinted to the possibility of sulfur being deficient in 
these locations.  
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Appendix

Table 1. Initial Soil Series Information
0-6” Soil Test Data + Extractable Sulfur ++

Location P K pH OM 0-6” 6-12” 12-24” ave
----ppm---- -----%---- ------------------ppm--------------------------

Oklee 10 124 8.1 4.0 8 8 12 10
Perley 12 332 7.3 6.7 8 17 19 16
Strathcona 18 140 8.0 3.6 17 na na na

+ P. Olsen phosphorus; K, ammonium acetate potassium; pH, soil pH; OM, Organic matter. 
++ Extractable sulfur from selected depth increments and “ average (avg.)

Table 2.  Treatment effects on above ground plant dry biomass at tillering
Application Rate

Overall
Location Product 0 12.5 25 37.5 avg.

------------------------------------------tons ac-1----------------------------------------------
Oklee AMS 1.14 1.10 1.02 1.20 1.12

MES15 1.31 1.14 1.19 1.09 1.18
avg 1.23 1.12 1.11 1.15 1.15
-- -- -- -- -- --

Perley AMS 0.45 0.40 0.46 0.41 0.43
MES15 0.47 0.43 0.44 0.45 0.45

avg. 0.46 0.41 0.45 0.43 0.44
-- -- -- -- -- --

Strathcona AMS 0.96 0.98 0.90 0.86 0.92

MES15 0.84 0.84 0.95 0.94 0.89
avg. 0.90 0.91 0.93 0.90 0.91

Table 3. Treatment effects on plant sulfur concentration at tillering
Application Rate

Overall
Location Product 0 12.5 25 37.5 avg.

-----------------------------%---------------------------------
Oklee AMS 0.37 0.34 0.34 0.32 0.34

MES15 0.33 0.31 0.33 0.29 0.32
avg. 0.35 0.32 0.33 0.31 0.33

-- -- -- -- -- --
Perley AMS 0.37 0.38 0.34 0.38 0.37

MES15 0.36 0.38 0.37 0.36 0.37
avg. 0.37 0.38 0.36 0.37 0.37

-- -- -- -- -- --
Strathcona AMS 0.40 0.39 0.37 0.40 0.39

MES15 0.40 0.38 0.39 0.39 0.39
avg. 0.40 0.38 0.38 0.40 0.39
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Table 4. Treatment effects on sulfur uptake at tillering
Application Rate

Overall
Location Product 0 12.5 25 37.5 avg.

-----------------------------pounds ac-1---------------------------------
Oklee AMS 8.4 7.4 6.8 7.8 7.6

MES15 8.7 7.1 7.8 7.7 7.8
avg. 8.6 7.3 7.3 7.8 7.7

-- -- -- -- -- --
Perley AMS 3.3 3.0 3.2 3.1 3.2

MES15 3.3 3.3 3.3 3.2 3.2
avg. 3.3 3.1 3.2 3.1 3.2

-- -- -- -- -- --
Strathcona AMS 7.3 7.5 6.5 6.9 7.1

MES15 6.8 6.3 7.3 7.4 6.9
avg. 7.2 6.9 6.9 7.1 7.0

Table 5.  Treatment effects on above ground plant dry biomass at soft dough
Fertilizer Source and Tillering Sulfur Application Rate

AMS MES15
Location Spring S 

Rate
0 12.5 25 avg. 0 12.5 25 avg Overall avg

-lbs ac-1- -------------------------------------------tons ac-1------------------------------------
Oklee 0 5.22 5.10 4.50 4.94 4.88 4.90 4.80 4.86 4.90

12.5 4.77 4.89 5.42 5.03 4.67 5.17 5.42 5.09 5.06

25 4.48 5.14 4.96 4.86 4.56 4.36 5.30 4.74 4.80
37.5 4.45 5.19 5.88 5.17 5.55 4.70 4.71 4.99 5.08
avg. 4.73 5.08 5.19 5.00 4.92 4.78 5.06 4.92 4.96

-- -- -- -- -- -- -- -- --
Perley 0 5.80 5.31 5.07 5.39 4.43 5.02 4.96 4.80 5.10

12.5 5.02 5.25 5.64 5.30 5.90 5.01 4.97 5.29 5.30
25 5.48 5.75 5.22 5.48 5.50 4.47 4.87 4.95 5.21

37.5 4.65 5.56 4.57 4.93 4.52 3.64 6.02 4.73 4.83
avg. 5.24 5.47 5.12 5.28 5.09 4.53 5.20 4.94 5.11

-- -- -- -- -- -- -- -- --
Strathcona 0 3.99 3.86 3.43 3.76 4.01 4.33 4.90 4.41 4.08

12.5 4.06 3.83 3.79 3.89 4.27 3.63 3.79 3.90 3.89
25 4.65 3.55 4.04 4.08 4.12 4.30 4.01 4.14 4.11

37.5 4.01 4.84 4.27 4.37 3.81 3.72 4.25 3.93 4.15

avg. 4.18 4.02 3.88 4.03 4.05 3.99 4.24 4.09 4.06
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Table 6.  Treatment effects on wheat yield
Fertilizer Source and Tillering Sulfur Application Rate

AMS MES15
Location Spring S 

Rate
0 12.5 25 avg. 0 12.5 25 avg Overall avg

-lbs ac-1- -------------------------------------------bushels ac-1------------------------------------
Oklee 0 96.4 95.8 95.6 95.9 94.3 95.4 96.4 95.4 95.6

12.5 97.2 96.3 92.3 95.3 93.7 93.7 96.9 94.8 95.0

25 97.8 97.8 95.1 96.9 94.6 96.4 93.2 94.7 95.8
37.5 94.9 95.3 95.9 95.4 93.7 97.2 96.8 95.9 95.6
avg. 96.6 96.3 94.7 95.9 94.1 95.7 95.8 95.2 95.5

Perley 0 76.0 77.0 75.3 76.2 74.6 76.7 76.4 75.9 76.0
12.5 73.5 71.0 75.4 73.5 72.5 74.0 76.7 74.4 74.0
25 77.7 73.9 77.3 76.4 76.0 74.3 76.0 75.4 75.9

37.5 72.8 72.8 74.3 73.2 70.3 76.9 76.0 74.8 74.0
avg. 74.9 73.9 75.7 74.8 73.5 75.5 76.3 75.1 75.0

Strathcona 0 89.9 86.5 88.2 88.2 88.5 91.1 93.0 90.9 89.5
12.5 86.4 89.6 83.5 86.5 90.1 89.4 87.0 88.8 87.7
25 90.2 87.3 93.2 90.2 87.9 91.4 88.6 89.3 89.8

37.5 90.2 90.5 88.4 89.7 95.6 98.4 87.3 93.8 91.7

avg. 89.2 88.5 88.3 88.7 90.5 92.6 89.0 90.7 89.7

Table 7.  Treatment effects on grain protein content
Fertilizer Source and Tillering Sulfur Application Rate

AMS MES15
Location Spring S 

Rate
0 12.5 25 avg. 0 12.5 25 avg Overall avg

-lbs ac-1- -------------------------------------------%------------------------------------
Oklee 0 15.1 15.0 15.3 15.1 15.2 15.1 15.2 15.2 15.1

12.5 15.2 15.0 15.1 15.1 15.3 15.1 15.1 15.2 15.1

25 15.4 15.3 15.2 15.3 15.2 15.1 15.1 15.1 15.2
37.5 15.0 15.2 15.2 15.1 15.1 15.1 14.9 15.0 15.1
avg. 15.2 15.1 15.2 15.2 15.2 15.1 15.0 15.1 15.1

Perley 0 14.9 15.1 15.2 15.0 15.0 14.9 15.2 15.0 15.0
12.5 15.1 15.0 15.1 15.1 14.8 15.0 15.2 15.0 15.0
25 15.2 14.9 15.1 15.1 14.9 14.9 15.0 15.0 15.0

37.5 15.0 15.0 15.2 15.1 14.8 14.9 14.9 14.9 15.0
avg. 15.0 15.0 15.1 15.1 14.9 14.9 15.1 15.0 15.0

Strathcona 0 15.8 15.9 15.7 15.8 15.8 15.7 15.7 15.7 15.8
12.5 15.7 15.6 15.8 15.7 15.7 15.8 15.7 15.7 15.7
25 15.8 15.7 15.7 15.7 15.7 15.8 15.8 15.7 15.7

37.5 15.7 15.8 15.5 15.6 15.4 15.4 15.5 15.4 15.5

avg. 15.7 15.7 15.6 15.7 15.6 15.7 15.7 15.7 15.7
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Table 8.  Treatment effects on grain test weight
Fertilizer Source and Tillering Sulfur Application Rate

AMS MES15
Location Spring S 

Rate
0 12.5 25 avg. 0 12.5 25 avg Overall avg

-lbs ac-1- -------------------------------------------pounds bu -1------------------------------------
Oklee 0 61.7 61.4 61.7 61.6 60.1 60.1 60.1 60.1 60.8

12.5 60.8 61.1 61.5 61.1 61.3 60.4 60.4 60.7 60.9

25 60.6 61.1 61.9 61.2 61.1 61.0 60.2 60.7 61.0
37.5 60.4 61.1 60.7 60.8 61.9 61.2 62.0 61.7 61.2
avg. 60.9 61.2 61.5 61.2 61.1 60.7 60.7 60.8 61.0

-- -- -- -- -- -- -- -- --
Perley 0 59.4 59.6 59.8 59.6 59.5 60.4 59.7 59.9 59.7

12.5 60.9 59.4 59.9 60.1 60.8 60.2 59.5 60.1 60.1
25 60.4 61.1 60.5 60.7 60.1 60.4 59.8 60.1 60.4

37.5 59.6 60.4 60.0 60.0 60.0 58.7 59.6 59.4 59.7
avg. 60.0 60.1 60.1 60.0 60.1 59.9 59.7 59.9 60.0

-- -- -- -- -- -- -- -- --
Strathcona 0 60.6 61.1 60.7 60.8 60.6 60.0 59.6 60.1 60.4

12.5 61.2 61.3 61.1 61.2 60.6 59.6 60.2 60.1 60.7
25 60.4 60.6 60.4 60.5 61.8 60.5 61.2 61.2 60.8

37.5 60.8 60.3 60.0 60.4 60.1 59.5 59.6 59.7 60.0

avg. 60.7 60.8 60.6 60.7 60.8 59.9 60.2 60.3 60.5
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