ulfur (S) is often classified as a “secondary” essential
Selement, mainly due to a smaller plant requirement,

but also because it is less frequently applied as a
fertilizer compared to nitrogen, phosphorus, and potas-
sium. This was certainly the case in Iowa where research
had not documented S deficiency or fertilization needed for
optimal crop production. However, if deficient, S can have
a dramatic effect on plant growth and crop productivity—

more than the classification “secondary” would imply.

Before 2005, over forty years of field research with corn
and soybean conducted at many locations across Iowa had
measured a yield response to S application only three times
out of approximately 200 trials—an indication of adequate
available S supply and quite limited S deficiency. This
began to change in the early 2000s as producers in north-
east lowa began to notice yellow plant foliage and reduced
plant growth in areas of alfalfa fields. After investigating
several potential reasons, such as plant disease, demonstra-
tion of S fertilizer application showed improved coloration
and growth of alfalfa in affected areas; see example in
Figure 1. Several factors for why S responses have increased
include reduced deposition with precipitation, fields with
no manure application, higher crop yields, and low S con-
tent in commonly applied fertilizers.

IOWA STATE UNIVERSITY

Extension and Outreach

Alfalfa Response to Sulfur Fertilization
In 2005, the observations of poor alfalfa growth and
production led to research trials at several northeast Iowa
field sites. At each site 40 lbs S/acre applied as either
ammonium sulfate or calcium sulfate (gypsum) was
compared to a non-S treated control in replicated plots.
The S fertilizers were applied during the first crop growth
prior to harvest, and in paired locations in established
alfalfa that had exhibited poor growth/coloration and
alfalfa that appeared normal in growth and coloration.
The alfalfa yields from those trials (Table 1) documented
a large increase (doubling of yield) from the S application
in the poor growth areas, but no increase in the good
growth areas. This yield response was also measured in
the first cutting of the second year.

Figure 1. Demonstration of S fertilizer application showing
improved coloration and growth of alfalfa in affected areas.

CROP 3072 April 2015



Table 1. Alfalfa forage yield, plant S analysis, and harvest S removal with S fertilizer application in field areas with observed
poor and good plant coloration/growth.

20057 2006*
Cuts 2+3 Cut2 Cuts 243 Cut1
Dry matter yield Plant top s8 S removal Dry matter yield
Sulfur Observed coloration/growth area
application” Poor Good Poor Good Poor Good Poor Good
----- ton/acre - - - - - e -%S - -----IlbS/acre ----- -----ton/acre -----

None 1.18d" 2.99ab 0.14d 0.22c 2.8e 10.6d 1.10b 2.04a
AMS 2.76hc 3.26a 0.40a 0.35b 16.5bc 18.2ab 2.18a 2.22a
CaS 2.49¢c 3.21a 0.41a 0.37b 15.3c 18.1ab 2.14a 2.19a

T Across three field sites in 2005, Elgin (Fayette silt loam), Gunder (Downs silt loam) and West Union (Downs silt loam), lowa. Extractable
sulfate-S soil test and soil organic matter for the poor and good areas, respectively: soil sulfate-S—Elgin, 6 and 7 ppm; Gunder, 7 and 8 ppm;
West Union, 6 and 7 ppm and organic matter—Elgin, 2.3 and 2.3%; Gunder, 2.7 and 2.9%; and West Union, 2.3 and 2.6%.

* Across two field sites in 2006 (S application in 2005), Elgin and Gunder, lowa.

8 Sulfur concentration for six-inch plant tops collected before second cut.

1 Sulfur (AMS, ammonium sulfate and CaS, calcium sulfate) applied at 40 Ib S/acre after the first cut in 2005.
# Means followed by the same letter are not significantly different, P < 0.10.

Table 2. Alfalfa plant tissue S concentration and site characteristics, 2006.

Site
Sulfur rate’ Wadena Waucoma® Nashua Waukon West Union Lawler
lbS/acre | oo 7
0 0.14 0.21 0.33 0.18 0.18 0.27
15 0.20 0.30 0.35 0.29 0.24 0.36
30 0.30 0.43 0.34 0.40 0.29 0.39
45 0.39 0.36 0.37 0.4 0.28 0.37
Soil SO,-S, ppm' 7 3 7 1 6 3
Soil OM, %] 3.1 2.1 4.2 3.8 3.3 2.6
Soil type F_ayette Wapsie Clyde-Floyd anette F_ayette Ostrander
silt loam loam loam silt loam silt loam loam

" Sulfur applied as calcium sulfate in April at Nashua and in May at other sites.

* Waucoma site had 10 b of elemental S applied in the spring across the entire field.
$ Sulfur concentration for six-inch plant tops collected before second cut.

T Soil samples collected after first cut, 0- to 6-inch depth.

Subsequent research was conducted with established
alfalfa at multiple fields in northeast lowa to study
response to S rate (tables 2 and 3). Four of six sites had

a yield increase to S application, with the maximum dry
matter increase occurring at 12-29 lb S/acre. Most impor-
tantly, the S concentration in the plant tissue (six-inch

plant top collected before cutting), indicated a critical
concentration similar to that found in other research,
0.25% S. Combining data from all alfalfa research trials

indicated a low to no increase in alfalfa dry matter when
the tissue concentration (top six inches of growth), was
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greater than approximately 0.22%-0.25% S (Figure 2).
With the price of alfalfa and S fertilizers, the economic
break-even point would be near 0.23% S. The same success
(indicating S deficiency), was not found with the soil sul-
fate-S test (calcium phosphate extraction) of samples from
the top six inches of soil. Examples of this can be seen

in tables 1-3, where the responsiveness of a site was not
related to extractable soil sulfate-S concentration. More
recent research at the Nashua Research and Demonstration
Farm also found an alfalfa plant and production response
to S application (Table 4).



Table 3. Alfalfa total dry matter for harvests collected, 2006.

Site
Sulfur rate’ Wadena Waucoma® Nashua Waukon West Union Lawler
IbSfacre | @ seeeeeeeeeeeeeieiiiiieiaee ton/acre - - - - - -
0 1.32 1.85 6.73 1.39 0.78 214
15 2.59 3.06 6.98 297 1.05 2.1
30 2.76 3.14 6.85 333 1.07 2.1
45 2.92 3.24 71.14 3.58 1.07 2.07
Statistics® * * NS * * NS
Max rate, Ib S/acre' 25 22 0 29 12 0
Cut harvested 2+3 2+3 142+3+4 2+3 3 2+4

" Sulfur applied as calcium sulfate (gypsum) in April at Nashua and in May at other sites.

* Waucoma site had 10 Ib/acre of elemental S applied in spring across the entire field.

% Indicates statistically significant (*) or non-significant (NS) yield response to S application rate, P< 0.10.
L Applied S rate at the maximum dry matter yield response.

Table 4. Alfalfa total dry matter harvest and six-inch plant top S analysis at early bud stage, Nashua Research and Demon-
stration Farm?®, 2010-2011.

Dry matter production Plant analysis
Treatment 2010 2011 2-yr mean 2010 201
---------------- ton/acre - --------------- s %S
None 6.15b* 6.44b 6.30b 0.22 0.19
Boron 6.10b 6.68b 6.39b 0.17 0.20
Sulfur 6.91a 7.85a 7.38a 0.39 0.47
Sulfur + Boron 6.67a 8.07a 1.37a 0.36 0.43

" Readlyn loam soil; 3.3% organic matter and 6-8 ppm sulfate-S soil test. Alfalfa seeded fall 2009, with sulfur applied as gypsum (40 Ib S/acre)
and boron (2 Ib B/acre) as Borate-48 in the fall 2009 and March 2011.

* Means followed by the same letter within a column are not significantly different, P < 0.10.

Figure 2. Alfalfa yield
increase per cut from S

400 fertilization relative to the
plant tissue S concentration
350 - R2=0.52 P=0.006 (six-inch plant top) in the

— o Linear-Plateau joins at 0.23% S no-S control.
= 300 |
5
O 250 - ®
[
o
e 200 -
©
)
G 150
=
o
S 100 -
P

50 -

0 T T T - T . .
0.10 0.15 0.20 0.25 0.30 0.35

Plant Analysis (% S)

Sulfur Management for lowa Crop Production 3



Table 5. Effect of S fertilizer application on corn grain yield, 2006.

County Prz\rl(i,ous Soilt Soil . Grain yield

p type S0,-S -S +ST

ppm | ee----- bu/acre ------

Buchanan Soybean Sparta Ifs 6 123 151*
Buchanan Soybean Sparta Ifs 7 154 198*
Delaware Soybean Chelsea Ifs 9 88 108*
Delaware Soybean Kenyon | 13 196 20408
Allamakee Alfalfa’ Fayette sil 3 96 172*
Allamakee Alfalfa’ Fayette sil -- 118 17*
Across sites 129 167*

T Following first-cut alfalfa harvest.
* Ifs, loamy fine sand; I, loam; sil, silt loam.
S Extractable sulfate-S in the 0- to 6-inch soil depth.

T Calcium sulfate applied at 40 Ib S/acre. Symbol indicates statistically significant (*) or non-significant (NS) yield increase with S application,

P<0.10.

This research has documented S deficiency problems in
Iowa alfalfa production fields. The majority of S deficien-
cies occurred in areas within fields, not entire fields. How-
ever, that non-uniformity can account for large economic
losses on a field scale. Most of the soils involved were low
organic matter, silt loam, and side-slope position. How-
ever, alfalfa grown on other soils has also responded to S
fertilization. The need for S application is not present in
all fields; for example, fields receiving livestock manure
have no symptoms of S deficiency. If an S deficiency is
confirmed in alfalfa (through plant tissue analysis or field
response trial), the amount of S fertilizer recommended is
20-30 Ib S/acre. Where deficiencies occurred in the 2006
rate trials, the first 15 Ib S/acre gave the largest incremental
increase in yield, but the next 10-15 1b S/acre was prof-
itable at most sites. Also, S fertilizers do not need to be
applied each year as alfalfa will respond to S applied in a
prior year.

Corn Response to Sulfur Fertilization
Response with Visual Sulfur Deficiency Symptoms
With the positive results from S fertilization in alfalfa,
trials were started in 2006 corn fields where early plant
growth was exhibiting S deficiency symptoms or where
previous experience indicated soil conditions and previous
crop would be conducive to S deficiency. Therefore, these
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sites were specifically “chosen” and not a set of sites

with random potential of response to S application.

These sites did not have recent or known manure history.
Calcium sulfate was surface broadcast applied sidedress
after early corn growth at 40 1b S/acre, with a control treat-
ment for comparison. The 40 1b S/acre rate was chosen

as a non-limiting S rate to maximize any potential yield
increase from S application.

Corn yield increased with the calcium sulfate application
at five of six sites (Table 5). The yield increases were quite
large, especially considering the surface sidedress fertilizer
application. However, the sites were chosen based on
expected S deficiency, with many sites showing severe plant
yellowing. Therefore, substantial yield increase might be
expected. With rainfall after application, plant response
(increase in greenness) was observed in a short time
period. Across all sites, the yield increase from S appli-
cation was 38 bu/acre. Since only a no-S control and one
non-limiting S rate was applied, it is not possible to deter-
mine an agronomic application rate. These results indicate
a substantial corn yield increase to S application is possible
when soil conditions are conducive to low S supply and
severe S deficiency exists. In this study, those conditions
were coarse-textured soils and a soil/landscape position
similar to that with documented S deficiency in alfalfa.




Table 6. Corn yield response to S application rate, Kanawha Northern Research Farm, 2011-2013.

Higher soil organic matter site* Lower soil organic matter site*

2011 2012 2013 20m 2012 2013
S Rate’ SC* SCC SCCC SC ScC Sccc
Ib S/facre | @ ------------- bu/acre------------- | a---a-------- bu/acre-------------
0 192 82 152 187 80 174

5 184 100 7 188 99 192

10 190 105 180 187 109 191

20 191 105 179 191 113 179

40 187 m 181 183 104 185

Statistics! NS * NS * *

T Sulfur rates applied as calcium sulfate in spring 2011 and 2013.

* Higher soil organic matter site (5.8%), Webster clay loam and lower soil organic matter site (4.1%), Clarion loam.
$ Underlined letter C designates corn crop year of the rotation and S indicates soybean.
T Indicates statistically significant (*) or non-significant (NS) yield response to S application rate, P< 0.10.

Response to Sulfur Fertilization Rate

An expanded set of trials was conducted in 2007-2009

at forty-seven sites in north central to northeast lowa to
determine corn response to S rate. The sites were selected
to represent major soils, cropping systems, and a range in
potential S response. Most sites were on producer fields
and had no recent or known manure application history.
Calcium sulfate was surface broadcast applied with no
incorporation shortly after planting at 0, 10, 20, and 40 1b
S/acre. Individual site S response was determined by grain
yield comparison of the no S control versus applied S.
Corn yields were averaged across responsive sites by fine
and coarse soil textural groupings, with regression models
fit to the yield response. Economic optimum S rate was
determined with S fertilizer at $0.50/1b S and corn grain
at $4.00/bu.

Corn grain yield increased with S fertilizer application at
17 of 20 sites in 2007, 11 of 25 sites in 2008, and neither
of the two sites in 2009. Ear leaf S concentration increased
at 16 sites (individual site responses not shown). Across
all sites, the average yield increase was 11 bu/acre. When
grouped by soil texture for responsive sites, the yield
increase was 15 buw/acre for fine-textured soils (loam, silt
loam, silty clay loam, and clay loam) and 28 bw/acre for
coarse-textured soils (fine sandy loam, loamy fine sand,

and sandy loam). Grain yields increased with S application
at 62% of fine-textured soil sites and 64% of coarse-tex-
tured soil sites. These are frequent and large yield increases
to S fertilization. However, sites located toward the north
central and central geographic areas of lowa—where soils
are higher in clay, which can retain sulfate-S—had a lower
frequency of corn grain yield response to S fertilization.
Other factors affecting potential need for S fertilization
may explain the high response rate in the northeast area

of Towa.

Additional S rate trials were conducted from 2011-2013,
at the Kanawha Northern Research Farm on Clarion loam
(4.1% organic matter) and Webster clay loam (5.8% organic
matter) soils (Table 6). Interestingly, there was no corn
yield increase from S application the first year; however,
in the following two years, yields increased from S applied
the previous year or when reapplied. These results high-
light the inconsistency that can occur with S responses

in corn, where yield increase can be non-existent to very
large in the same field area any given year, and response
may even occur on soils with high organic matter levels.

An important question; what is the economic optimum

S rate? When analyzed for the responsive sites, the
maximum response rate for the twenty-one fine-textured
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Figure 3. Corn grain yield
Sulfur Rate Response (2007-2008 Responsive Sites) response to S application
rate at responsive sites,
2007-2008.
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soil sites was 17 lb S/acre, with an economic optimum rate
at 16 1b S/acre (Figure 3). For the seven coarse-textured
soil sites, the maximum response rate was 25 1b S/acre,
with an economic optimum rate at 23 1b S/acre (Figure 3).
The economic optimum S rate is near the maximum
response because the fertilizer cost (rate multiplied by
price) is low compared to the yield return (yield increase
times corn price).
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One test for evaluating potential S deficiency is plant
analysis for ear leaf S concentration (Figure 4). There is a
wide range of published minimum sufficiency concentra-
tions for corn ear leaves at silking, 0.10%—0.21% S. The
current study does not confirm or refute these minimum
levels. Across measured leaf S concentrations, there was
no clear relationship between ear leaf S and yield response.



Figure 5. Corn grain yield
response to S application
as related to extractable

soil sulfate-S concentration
(0- to 6-inch soil depth) in
the no-S control, 2007-2009.

Figure 6. Corn grain yield
response to S application
as related to three-foot

profile extractable soil
sulfate-S in the no-S
control, 2006-2010.
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Therefore, it was not possible to define a critical level
from this S rate research. Sulfur application increased leaf
S concentration, but there was not a large increase (across
sites, an increase of 0.02% S with the 40 1b S/acre rate).
With the 40 1b S/acre rate, the leaf S concentration was
below 0.21% S at all but one site.

Another test for evaluating potential S deficiency is soil
testing for extractable sulfate-S. Soil test concentrations
from the 0- to 6-inch depth (Figure 5) or 3-foot profile
(Figure 6) were not related to yield response. Also, several
sites had soil tests above the 10 ppm sulfate-S level consid-
ered sufficient by some interpretations, but responded to

S application. This has been found in other studies where
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Figure 7. Corn grain yield
Mean Yield Response to Applied Sulfur response to S application
as related to soil organic
60 matter level (0- to 6-inch
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50 - P control, 2007-2009.
© 40 - ®e
o
L
= 4
a 30 ° o
(<)) ([ J °
- [ [ N ()
= ] ° oo o. o
£ 10 o o8 o o
S o g ° ®
2 ot o
> 0 T T T I. T . T
0 1 €2 3e 4 5 6 7
-10 - ® 0 4o o
[ J
-20
Soil Organic Matter (%)

the sulfate-S soil test has not been reliable for predicting
crop response to S application on soils in the Midwest
United States. Supply of crop-available S is related to more
than the sulfate-S concentration in the top six inches of
soil, thus the poor relationship between relative yield and
sulfate-S soil test. Soil organic matter has a somewhat
better relationship to yield response, but for similar rea-
sons does not clearly differentiate between responsive and
non-responsive sites (Figure 7). Yield responses tended to
be high with low organic matter soils (less than approxi-
mately 3.5%), and low with high soil organic matter soils;
however, there was considerable variation in response
across organic matter levels, including responses in high
organic matter soils. An attempt was made to determine a
multiple-regression fit of these plant and soil tests versus
corn yield response from S application. However, no
relationship could be found. These results highlight the
complex combination of environmental, soil, and crop
factors that result in deficient or adequate season-long
supply of available S. Visual observation of severe defi-
ciency symptoms can often lead to correct determination
of S response (Figure 8), but hidden nutrient deficiencies
can exist where the corn plant does not exhibit deficiency
symptoms but yield increase may occur (or may not).
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Sulfur Fertilizer Product Evaluation

Field trials were conducted in 2006 (Northeast lowa, two
sites), 2008 (Northern Iowa, one site), and 2009 (Central
to Northern Iowa, two sites), on producer fields to evalu-
ate phosphorus-sulfur fertilizer co-products; Simplot and
Mosaic 13-33-0-15S product (Simplot SEF in 2006, and
Mosaic MES15 in 2008) and Mosaic 12-40-0-10S (MES10
in 2009). The SEF and MES products contained half of
the S as sulfate and half as elemental. These products were
compared to ammonium sulfate. The fertilizer products
were broadcast by hand prior to spring tillage or corn
planting. Treatments related to S response were an S
control, ammonium sulfate at 10 and 30 1b S/acre, and
SEF and MES at 10 and 30 b S/acre. Nitrogen and phos-
phorus rates were equalized. The extractable sulfate-S
concentrations were 4-8 ppm in the top six inches soil
across sites.

In 2006, the corn grain yield response across sites between
the control and 10 1b S/acre as ammonium sulfate or SEF
was 15 bw/acre (196 v. 211 bw/acre). There was no yield
increase to additional S application with the 30 1b S/acre
rate for either fertilizer. The ear leaf S concentration

was increased from 0.15% S in the control to 0.18% and
0.21%, respectively, for the 10 and 30 Ib S/acre rates.



42 bu/acre Response
Site D 2007

Soybean Previous Crop
Sparta Ifs

76 bu/acre Response
Site WK 2006

Alfalfa Previous Crop
Fayette sil

20 bu/acre Response
Site T12006

Soybean Previous Crop
Chelsea Ifs

0 bu/acre Response

Mason City Site 2001

Soybean Previous Crop 0 bu/acre Response

Readlyn loam Ames Site 2001
Soybean Previous Crop
Clarion loam

No Response or Small Response

Figure 8. Corn expressing dramatic S deficiency symptoms
and having large yield increase from S application (photo
grouping A), and corn not showing deficiency symptoms
and either having a small yield increase or no increase from
S application (photo grouping B).

The leaf S concentration and corn grain yield was the same
for both ammonium sulfate and SEF, indicating similar
plant-available S supply from both fertilizer products. In
2008 (a no-till site), despite visual S deficiency symptoms
on small corn plants where no S was applied, there was
no yield response to S application with either S product
(MES or ammonium sulfate) or rate of application (172 v.
168 bu/acre, respectively, for the control and S application
average). In 2009, the ear leaf S concentration increased
with application of both MES and ammonium sulfate,
however, there was no corn yield response to applied S.
These results indicate that the phosphorus-sulfur fertilizer
co-products supplied crop available S to corn and were
similar to an all sulfate form.

Strip-Trials for Field-Scale Sulfur Evaluation
Replicated strip trials (Table 7) with a comparison of

no S applied to a non-limiting S rate as calcium sulfate
applied preplant were conducted from 2009-2012 in thirty
producer fields (Central, Southwest, Western, Northwest
and Northeast Iowa). Since only one S rate was used, the
needed S application rate cannot be determined; however,

Table 7. Sulfur field strip trials with corn, 2009-2013.

County Year Prg\rl:l))us S Rate' -S +$S
Ib S/acre - - bu/acre - -
Greene 2009 Corn 40 225 229
Greene 2009 Corn 40 210 215*%
Greene 2009 Corn 40 217 228*
Dallas 2009 Soybean 40 201 200
Dallas 2009 Corn 40 147 152*
Dallas 2009 Corn 40 135 134
Fayette 2009 | Soybean 15 224 236*
Howard 2009 | Soybean 20 186 192*
Dubuque 2009 | Soybean 30 216 229*
Floyd 2009 20 199 203
Winneshiek | 2009 | Soybean 30 215 212
Lyon 201 Soybean 23 209 203
Osceola 2012 | Soybean | 23Res? 188 185
Lyon 2012 | Soybean | 23Res 203 199
Sioux 2012 | Soybean | 23Res 173 175
Mills 2012 | Soybean 17 217 218
Taylor 2012 | Soybean 17 99 106*
Lyon 2012 | Soybean 15 157 160
Osceola 2012 | Soybean 15 198 197
Dickinson 2012 | Soybean 15 213 214
Lyon 2012 | Soybean 15 140 134*
Lyon 2012 | Soybean 15 88 79
Crawford 2012 | Soybean 15 100 132*
Monona 2012 | Soybean 15 190 195
Monona 2012 | Soybean 15 232 228
Clay 2012 | Soybean 15 231 235%
Monona 2013 Corn 15 Res 228 240
Osceola 2013 | Soybean | 15Res 201 205
Monona 2013 | Soybean | 15Res 230 236*
Taylor 2013 Soybean 17 172 181*

T Sulfur applied in spring preplant as calcium sulfate.
* Sulfur applied to previous-year crop.

* Indicates significant difference between no S and applied S
at P<0.10.
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Example Sulfur Fertilizers
Ammonium Sulfate (21-0-0-24)
Ammonium Thiosulfate (12-0-0-26)
Calcium Sulfate (gypsum) (0-0-0-17)
Elemental Sulfur (0-0-0-90)
Magnesium Sulfate (0-0-0-14)
Potassium Magnesium Sulfate (0-0-22-23)
Potassium Sulfate (0-0-50-18)
Nitrogen-Phosphorus-Sulfur products (ex. 13-33-0-15)
By-products (analysis varies)

Lysine manufacturing

Soybean soapstock processing

Wallboard (gypsum)

Flue gas desulfurization

potential yield increase from S application can be deter-
mined as an adequate to above adequate S rate was
applied. These strip trials are considered a survey of
potential field-scale S response. Yield increase from S
application occurred in eleven fields. This was a 37%
response rate, somewhat lower than the small-plot
research. For the responding sites, the average yield
increase from S application was 10 bu/acre, with a range
of 4-32 bu/acre. These yield increases are large enough
to more than pay for field-scale S application. These strip
trials confirm that S deficiency is occurring across a wide
geographic area of lowa, and at a frequency that justifies
S application to corn.
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Soybean Response to

Sulfur Fertilization

There has been limited recent research conducted on S
response in soybean in recent years. In 2011-2013 there
were thirteen strip trials on producer fields in West-North-
western lowa where a spring preplant non-limiting S rate
(as calcium sulfate) was compared to no S. Two sites had
a soybean yield increase (15% response rate) from applied
S (Table 8), with an average 4 bu/acre yield increase.

In 2008, there were two small-plot sites with multiple

S rates applied as calcium sulfate. Neither site had a
soybean yield response. From this limited data, expecta-
tion of soybean yield increase from S application is low.

In addition, S applied to corn would help moderate any
potential response with soybean following corn.

Table 8. Sulfur field strip trials with soybean, 2009-2013.

County Year Prg:;tl;us S Rate’ -S +$S
Ib S/acre - - bu/acre - -
Osceola 201 Corn 23 70.9 68.8
Lyon 2011 Corn 23 60.4 60.9
Lyon 2011 Corn 23 60.8 59.3
Sioux 201 Corn 23 743 73.6
Osceola 2012 Corn 15 50.2 52.4
Monona 2012 Corn 15 64.3 63.3
Lyon 2013 Corn 15 Res? 405 44.3%
Lyon 2013 Corn 15 Res 43.7 427
Lyon 2013 Corn 15 Res 55.5 53.6
Crawford 2013 Corn 15 Res 45.0 49.1*
Monona 2013 Corn 15 Res 69.3 69.5
Clay 2013 Corn 15 Res 54.8 55.2
Taylor 2013 Corn 17 45.3 441

T Sulfur applied in spring preplant as calcium sulfate.
* Sulfur applied to previous-year crop.

* Indicates significant difference between no S and applied S
at P<0.10.



Research Summary

The first extensive documentation of crop response to

S fertilization in Iowa occurred in Northeast lowa alfalfa
fields, and revealed that a change was needed in the
consideration of S fertilization for Iowa crops. This initial
discovery of S deficiency and large yield response in alfalfa
could be expected as alfalfa has a higher S demand than
other crops grown in Iowa. Corn grain yield response to S
fertilization was also found, and with high frequency—the
magnitude of yield increase was sometimes large. Across
small-plot S rate studies, 60% of sites had a statistically
significant yield increase to applied S fertilizer; 72% of
sites with loam, silt loam, fine sandy loam, loamy fine

sand, and sandy loam textural class; and 14% of sites with
silty clay loam or clay loam textural class. The economic
optimum S rate was 16 1b S/acre for fine-textured soils and
23 1b S/acre for coarse-textured soils. In all field-strip trials,
37% of trials had a corn yield increase from S application.
From 2006 to 2013, there has been approximately 110 S
trials in thirty counties, statewide (see Figure 9), with corn
yield response at 47% of sites across all trials. For soybean,
research has been limited and frequency of S response
much lower than with corn. This recent research indicates
a change in need for S fertilization in Iowa, especially in
alfalfa and corn, and is an economically viable practice in
many fields.

Landform Regions of lowa

Resource: Landforms of lowa by Jean C. Prior for the lowa Department of Natural Resources. lllustration by Patricia J. Lohmann.

Figure 9. Counties with at least one corn or soybean S trial, 2006-2013.
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Suggestions for Managing
Sulfur Applications

e For alfalfa, the S concentration in tissue samples from
the top six inches of plants at the early bud stage is a
good indicator of S deficiency and need for S application.
Concentrations less than 0.23% S should be considered
deficient and S applied, with concentrations of
0.23-0.25% S marginal.

* For alfalfa, the extractable sulfate-S concentration in the
0- to 6-inch soil depth is not reliable for indicating potential
S deficiency or need for S application.

* For confirmed S deficiency in alfalfa, apply 20—30 Ib S/acre.

Sulfur fertilizers do not need to be applied each year as
alfalfa will respond to S applied in a prior year. Therefore,
itis possible to apply the crop needs for multiple years in
one application. That rate will be more than is needed for
just one year, and some luxury uptake is likely. Sulfate
forms of S fertilizers, since the sulfate form is immediately
available for plant uptake, can be applied after any cutting.
Good yield response has been measured with applications
in-season, even in dry periods. This application flexibility
allows for rapid correction of S deficiencies found through
plant analysis. Elemental S, since it must be oxidized to the
sulfate form, should be applied some time ahead of crop
need or at seeding.

* Manure is a good source of S, and eliminates the need
for S fertilizer application.

e For corn, the extractable sulfate-S concentration in the
0- to 6-inch soil depth is not reliable for indicating potential

¢ For confirmed S deficiencies in corn, on fine-textured soils

apply approximately 15 Ib S/acre and on coarse-textured
soils 25 |b S/acre. Application at suggested rates should be
adequate for corn and the next corn or soybean crop.

Sulfur deficiencies have been documented and large yield
response measured in many fields, but not all, and there

is still uncertainty about the overall geographic extent of

S deficient soils across lowa. Some common conditions
where S deficiency has been more prevalentinclude
coarse-textured soils, low organic matter soils, side-slope
landscape position, eroded soils, alfalfa crop, corn following
alfalfa, and reduced- and no-till systems. Lack of soil mixing
and cooler soils reduce mineralization which slows release
of S from organic materials, a main source of available S.
Loss of organic matter from eroded soils reduces potential
available S from mineralization.

Response to S application is unlikely in fields receiving
manure, incidental S contained in various fertilizers, and
Sin irrigation water.

Research to date has not fully documented the variability
of deficiency within fields. Work with alfalfa showed
differential response in poor and good coloration/growth
areas, indicating that whole fields would not respond

to S application. If within-field deficient areas could be
identified, or areas with conditions more commonly having
S deficiency, site-specific S application would provide
improved return compared to whole field application.
However, it is likely prudent to simply fertilize entire
fields when deficiency exists rather than attempt site-
specific applications because of the relatively low-cost

of S fertilization, many fields indicating considerable area
with S deficiency, and large potential yield increases
with S application. Site-specific response is possible, but
inexpensive and reliable methods are needed that can
identify potential for S deficiencies.

S deficiency or need for S application.

* For corn, the S concentration in ear leaves collected at
silking can indicate low S supply, but a critical concentration
with modern hybrids has not been established.

Prepared by

John E. Sawyer, professor of agronomy and extension soil fertility specialist, lowa State University
Brian J. Lang, field agronomist, lowa State University Extension and Outreach

Daniel W. Barker, assistant scientist, Department of Agronomy, lowa State University

Photo credits: Cover photo by weaver1234 (iStock.com), figure 1 by Brian Lang, figure 8A by Brian Lang,
and figure 8B by John Sawyer and Daniel Barker

... and justice for all

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its programs and activities on the basis of race, color, national origin, age, disability, and where
applicable, sex, marital status, familial status, parental status, religion, sexual orientation, genetic information, political beliefs, reprisal, or because all or part of an individual’s
income is derived from any public assistance program. (Not all prohibited bases apply to all programs.) Persons with disabilities who require alternative means for communica-
tion of program information (Braille, large print, audiotape, etc.) should contact USDAs TARGET Center at 202-720-2600 (voice and TDD). To file a complaint of discrimination,
write to USDA, Director, Office of Civil Rights, 1400 Independence Avenue SW, Washington, DC 20250-9410, or call 800-795-3272 (voice) or 202-720-6382 (TDD). USDA is an
equal opportunity provider and employer.

Issued in furtherance of Cooperative Extension work, Acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture. Cathann A. Kress, director,
Cooperative Extension Service, lowa State University of Science and Technology, Ames, lowa.

12 Sulfur Management for lowa Crop Production



