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SULFUR FERTILIZER APPLICATIONS FOR IMPROVED HARD RED 
SPRING WHEAT MANAGEMENT PI: Dr. Dave Grafstrom

INTRODUCTION
Sulfur is an essential element and plays a major role in 
protein synthesis in plants. Sulfur in the sulfate form is 
very mobile in the soil. Several explanations for the sus-
pected sulfur deficiencies observed in northern MN
over the last couple years include: 1) increased crop yields 
require more sulfur, 2) increased leaching of sulfur due
to elevated rainfall patterns, 3) reduced concentration of 
sulfur in rainfall over the last 30 years, and 4) manure not 
applied to cropland due to a decline in the number of dairy 
businesses.

Recent research suggests several crops not expected to 
respond to sulfur showed a positive response. In a small 
plot replicated trial in Carrington, ND, sulfur applied at 10 
pounds/acre gave a 7 bu spring wheat increase and 0.4% 
protein enhancement (Teboh, NDSU).  Since 2010 in corn 
trials in ND, sulfur deficiencies have been observed in all 
soil types (Franzen, NDSU). Soybean research conducted 
in MN suggests that soybeans may respond to sulfur in 
cool environmental conditions with low nutrient cycling 
(Kaiser, UMN).

The advances in crop genetics and improved crop man-
agement are factors that have resulted in increased yield 
potential of many crops. As crop yield potential increases, 
so does the nutritional requirements to sustain the plants 
to provide this increase in crop yield. For example, approx-
imately 12 pounds of sulfur are required for a 50 bu wheat 
crop compared to 21 pounds for a 90 bu wheat crop. One 
of the challenges with sulfur is that current soil tests for 
sulfur are non-diagnostic and should not be the sole basis 
for the addition of sulfur (Franzen, NDSU). In addition, sul-
fur deficiency symptoms in many crops exhibit a yellowing 
of the plant tissue which often times can be mistaken for 
nitrogen a deficiency.

The objective of this research was to engage the On-Farm 
Research Network (OFRN) to evaluate wheat growth, 
development and yields from sulfur compared to no sulfur 
applications in spring wheat. The best chance for a posi-
tive result from supplemental sulfur is on sandy, medium 
to coarse textured soils, especially with less than three 
percent organic matter. Wheat fields with these soil char-
acteristics were the focus of this research in 2017. Future 
research with sulfur will include field locations that do 
not meet the above criteria as wheat growers throughout 
MN have questions on the potential benefits of sulfur to 
enhance wheat yield and quality.

MATERIALS AND METHODS
In 2017, three growers agreed to conduct a sulfur trial on 
their farm. The site locations and descriptions are listed in 
Table 13. At all field sites, 100 lbs. of ammonium sulfate 

(AMS) with a nutrient analysis of (21-0-0-24) was applied
pre-plant incorporated (PPI) as the source of sulfur. Each 
site had two treatments; 1) AMS and 2) No Sulfur. 21 units 
of N (urea) was applied PPI to equalize the amount of 
nitrogen in both strips. All locations used urea (46-0-0) as 
the nitrogen source urea in these trials. At each location 
treatments 1 and 2 alternated across the field.

This entire trial was conducted with field scale equipment. 
At harvest, each strip was weighed with a weigh wagon 
provided by MN Wheat, or farmer’s grain cart and a sub-
sample taken for quality analysis. MN Wheat owns one 
weigh wagon and borrows three others for timely harvest 
of field locations.  Wheat yields were adjusted to 13.5% 
grain moisture. The wheat sub-samples were collected 
from each plot by the addition of an attachment to the 
weigh wagon’s auger. A wheat sub-sample is collected 
as the grain is augured out of the weigh wagon. This at-
tachment allows a uniform wheat sample to be collected 
from a small stream of continuous grain when the grain is 
augured from the weigh wagon into the truck. These sub-
samples were immediately analyzed for harvest moisture 
and grain test weight with a Dickey John mini-GAC plus 
grain tester. Sub-samples were analyzed for grain protein 
at the Northern Plains Grain Inspection Service. There 
were some instances that the grower preferred using the 
scale on their grain cart to get the weights. In those cases, 
we would hold a piece of PVC pipe into the stream of grain 
as it is being unloaded into a truck to get a uniform wheat 
sub-sample.

RESULTS AND DISCUSSION
The results from the three sulfur trials are presented in 
Table 14 and the economic analysis is on Table 15. The 
results from the individual statistical analysis for grain 
yield, test weight and protein were similar from the two 
treatments evaluated in these trials from the 2017 grow-
ing season. The only exception was location 2 which had 
a protein content that was 0.7% less in the sulfur treat-
ment compared to no sulfur. The data suggested a trend 
for lower test weight, protein and grain yield from wheat 
treated with sulfur compared to no sulfur. However, this is 
a small data set taken from one growing season. Addi-
tional locations over multiple years will be needed in order 
to make sulfur recommendations in wheat

In the combined statistical analysis, wheat test weight 
averaged one lb/bu lower from the sulfur treatment 
compared to no sulfur. However, the combined statistical 
analysis suggests no difference in grain protein and yield 
from the two treatments. With this limited data set (three 
locations in one year), additional locations are needed to 
strengthen the database before making sulfur recommen-
dations in wheat.
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Although wheat yields were statistically not significant,
an economic analysis was conducted for wheat yield at 
each location and for the combined data set. The primary 
purpose for this cost analysis was to document prices
for the 2017 season. In this sulfur trial, AMS (21-0-0-24) 
was the source of sulfur. The source of nitrogen in AMS is 
in the ammonium form.  In the non-sulfur strips, urea at 21 
lb/acre was applied to equalize the amount of nitrogen in 
each treatment. The only difference between the two treat-
ments was the 24 units of sulfur; everything else was the 
same. One of the assumptions made in this trial design 
was the two forms of nitrogen would be equally available 
to the wheat plant. The price used for AMS was $305.00/
ton and the price of urea was $355.00/ton. The cost 
for 100 pounds of AMS was $15.25/acre and for 45.65 
pounds of urea (21 units) was $8.10/acre. When you sub-
tract these two costs, you get $7.15/acre for the additional 
cost to the grower to add sulfur to as a part of their fertility 
management plan.

CONCLUSIONS
It was hypothesized that in wheat fields with coarse 
textured soils with low organic matter we would see a 
positive result from the addition of AMS. However, the 
environmental conditions in the 2017 growing season 
may have contributed to the mineralization of sulfur, which 
would satisfy plant nutrient requirements. Thus, if the ad-
dition of supplemental sulfur was not required for the plant 
the added cost of sulfur would have a negative financial 
consequence in the economic analysis. The added sulfur 
fertility had a negative impact on test weight and tended to 
have lower protein and grain yields compared to no sulfur. 
However, this was the first year of this trial and more loca-
tions are required to compare sulfur with no sulfur before 
making any sulfur recommendations to wheat growers and 
the decision to add sulfur to their wheat fertility manage-
ment plan. 

Table 13. Agronomic details for three locations of the sulfur trial in 2017.

1 2 3
Ada Audubon Mahnomen

Planting Date 5/3 4/17 5/6
Harvest Date 8/22 8/23 8/24
Previous Crop Soybean Soybean Soybean
Soil Type Loam Clay Loam Loam
Variety SY Valda Linkert Linkert
Rain Data Total (in) 11.47" 13.77" 8.99"

Location

Table 13. Agronomic details for three locations of the sulfur trial in 2017.

Table 14. Effect of sulfur in HRSW on test weight, grain protein, and yield, at 3 environments in NW Minnesota 

Treatment 1 2 3 Combined

No Sulfur 61.8 60.3 60.4 60.8
With Sulfur 61.2 59.4 59 59.8
LSD (0.05) NS NS NS 0.97
LSD (0.10) NS NS NS 0.7

No Sulfur 13.4 15 14.3 14.3
With Sulfur 12.9 14.3 14.1 13.9
LSD (0.05) NS 0.5 NS NS
LSD (0.10) NS 0.4 0.1 NS

No Sulfur 85.2 78.8 87.2 83.2
With Sulfur 86.4 78.6 83.8 82.5
LSD (0.05) NS NS NS NS
LSD (0.10) NS NS NS NS

NS – non-significant difference at the 95%  and 90% confidence level.
LSD – least significant difference; if the means differ by more than the LSD number the numbers are statistically 
different 

Location

---------------------Test Weight (lb bu-1)---------------------

---------------------------Protein (%)-------------------------

------------------------Yield (bu ac-1)------------------------

Table 14. Effect of sulfur in HRSW on test weight, grain protein, and 
yield, at 3 environments in NW Minnesota

NS – non-significant difference at the 95% and 90% confidence level.
LSD – least significant difference; if the means differ by more than the 
LSD number the numbers are statistically different.
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Table 15. Economic analysis of sulfur applications of all locations individually and the combined analysis, N

1 2 3 Combined
No Sulfur 85.2 78.8 87.2 83.2
With Sulfur 86.4 78.6 83.8 82.5
Yield gain/loss 1.2 -0.2 -3.4 -0.7
$ Yield gain/bu1 $7.20 $1.20 $20.40 $4.20
Product Costs 2 $7.15 $7.15 $7.15 $7.15
Financial outcome $0.05 ($8.35) ($27.55) ($11.35)

1 Price of wheat $6.00/bu
2 AMS price used $305.00/ton and applied 100 lb/ac = $15.25/ac. Urea price used $355/ton and applied 
45.65 lb/ac (21 units) = $8.10/ac. Cost of sulfur $15.25 - $8.10 = $7.15/ac.

Location

Table 15. Economic analysis of sulfur applications of all locations individually and the combined analysis, NW MN, 
2017.

1 Price of wheat $6.00/bu
2 AMS price used $305.00/ton and applied 100 lb/ac = $15.25/ac. Urea price used $355/ton and applied 45.65 lb/ac (21 
units) = $8.10/ac. Cost of sulfur $15.25 - $8.10 = $7.15/ac.

Lodged wheat increases harvest loss.


