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Abstract 

S u l h  (S) contributed by rainfall has decreased by 50% over the last twenty-seven years and 
may increase the need for S supplementation by fertilization. Nitrogen (N) application is 
typically split applied in Ohio with some applied in the fall and remainder applied in the spring 
near first green-up. The objective of this study was to compare N application source and timing 
with and without S fertilization. Two experimental locations were established in the fall of 2004. 
Urea and urea-ammonium nitrate (UAN) were applied at green-up and Feekes 6. Sulfur was 
applied as either ammonium sulfate (AMS) or gypsum at two different rates (20 and 40 lb 
Slacre). Sulhr  fertilization did not affect grain yield, grain protein, or test weight at one site but 
did increase grain protein at the 30 Ib Slacre rate at the other. Based on the results, sulfur 
fertilization does not appear to be benefit wheat production in Western Ohio at present. 

Introduction 

Nitrogen (N) fertilization of wheat in Ohio is typically split into two applications. One small 
application is made in the fall prior to seeding, and the other application is made in the spring 
around first green-up. The rates applied in the fall are small (typically 30 pounds) due to the 
potential for N loss in the high rainfall environment. Spring N application rates approach 80 to 
100 pounds of N per acre applied as either urea or urea-ammonium nitrate (UAN - 28-0-0). 
Early spring applications near green-up are primarily made because ground is still frozen and 
will support the weight of a typical applicator. 

Improved sulhr  (S) scrubbers in the industrial sector have decreased the amount of S contributed 
annually by rainfall. Annual S deposition in Ohio has decreased by 50% over the last twenty- 
seven years (NADP, 2005). This may lead to greater demand for S in Ohio crops. An 
interaction between N and S fertilization has often been alluded to by some researchers. 

The objective of this work was to compare the impact of N application timing and source on 
wheat grain yield and quality. Additionally, S rate and source were also evaluated to determine 
the impact of S fertilization and the potential interaction effects of N and S on wheat grain yield 
and quality. 

Materials and Methods 

In fill 2004, 'Hopewell' (a soft red winter wheat) was planted into an undisturbed soil of 
recently hrwestcd soybeans at the Ohlo State University/Ohio Agricullural Research and 
Development Center's Northwest and Western Research Stations near I-Ioytville and South 
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Charleston, Oho. respectively. Soil types were clay for the northwest site and silt loam for the 
western site. Soil phosphorus, potassium anrl pH were in the optimal range for wheat as 
described in the Tri-Sture Fertilizer Reco~t~t~~cncl~~tio~zs .for Corn, Soybenns, Wzeat & AIfalfa 
(1 996). Prior to planting, 30 IbIA of N was surface applied as UAN. Treatments received 80 lb 
NIA and 20 or 40/A of S from the fo1lou:ing blends: amnoniuln sulfatelurea, gypsudurea, 
arnmoniurn sulfate/UAN. Checks included a zero spring N rate: 80 Ib N/A as urea, and 80 lb NIA 
as UAN. All treatments were surface applied as a single application at green-up or early stem 
elongation (Feekes 6) (Large, 1954). In addition, a N response curve was established with UAN 
at 20 lb increments (40 to 120 lb NIA) applied at green-up. 

Flag leaves were collected to determine N and S content at flowering (Feekes 10.5). Plots were 
approximately 10 feet wide and 75 feet long. Row spacing was 7.5 inches. The center five feet of 
each plot was harvested to estimate grain yield. Test weight and flour protein were determined 
by the USDA soft wheat quality laboratory in Wooster, OH. Experimental design was a 
completely randomized block with four replications. Statistical analysis was conducted with a 
General Linear Model using contrast statements in SAS (SAS, 2000). 

Results and Discussion 

Wheat Grain Yield 
Significant responses to N rate of application were observed at both locations (Tables I & 2). At 
both locations, all measured parameters increased as N application rate increased suggesting that 
N may have been limiting even at the highest rate. This may reflect significant loss of N after 
application. 

Application of urea at Feekes 6 resulted in increased yield compared to urea applied at green-up 
at the Northwest Research Station (Table 3). Maxitnurn yields could be attained by applying 
UAN at green-up or Feekes 6 or by applying urea at Feekes 6 (Table 3). Ammonium sulfate 
applied with urea at green-up did result in increased yields, but was not affected by rate (Table 
4). Nitrogen applied with the ammonium sulfate may be responsible for the yield increase. The 
anmonium sulfate material used at the Northwest Research Station was liquid with an (analysis 
of 8-0-0-8. 

Grain yield was unaffected by any of the experimental factors at the Western Research Station 
(Tables 5-8). 

Grain Test Weight 
Sulfur fertilization did not impact grain test weight at the either location (data not shown for 
Northwest and Tables 7 and 8). A significant interaction was noted between N source and N 
application timing at the Northwest Research Station. Urea applied at green-up resulted in lower 
test weights than urea applied at Feekes 6 or UAN applied at either time (Table 3). At the 
Western Research Station, the urea source of N increased test weight significantly compared to 
UAN (Table 5). 
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Grain Protein 
Sulfur fertilization did not affect grain protein when urea was applied at green-up at the 
Northwest Research Station (Table 4). At Feekes 6, gypsum applied at the 40 Ib/acre rate did 
increase grain protein significantly compared to all other treatments (Table 4). At the Western 
Research Station, a similar phenomenon occurred where sulfur (independent of source) applied 
at the 40 lb/acre rate increased grain protein compared to all other treatments. Urea application 
significantly increased grain protein compared to the UAN source (Table 9). 

Conclusions 

The N response portion of the experiment did not appear to supply enough N at green-up to 
ensure N was not limiting at either location. f i s  may be partially due to N loss with such an 
early application time and potentially due to the UAN source. Sulfur application appears to have 
increased grain yields slightly when armnonium sulfate was applied with urea at green-up at the 
Northwest Research Station. This may be partially due to the N contribution of the ammonium 
sulfate source and not a true S response. Urea application at Feekes 6 showed no corresponding 
increase in yield. Considering the amount of N that was applied (same rate as the S treatment) 
the response was much s~naller than would be expected. Grain test weight and protein were also 
relatively unaffected by sulfur fertilization (exception being a protein response at the high rate of 
gypsum applied at Feekes 6 with urea at the Northwest Research Station). Based on the results, 
sulfur fertilization does not appear to be benefit wheat production in Western Ohio at present. 
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Table 1. Main effect of N rate on wheat grain yield, test weight, and grain protein at the 
Northwest Research Station, 2004-2005. 
N rate, lb/ac Grain yield, bdac  Test weight, lbhu Grain protein, % 
0 46 
40 59 
60 6 1 
8 0 69 
100 74 
120 80 
Contrasts 
Linear *** 
Quadratic NS * NS 
***.***.*.NS - significant at the 0.01,0.05, and 0.1 probability level and non-significant 
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Table 2. Main effect of N rate on wheat grain yield, test weight, and grain protein at the Western 
Research Station, 2004-2005. 
N rate, lblac Grain yield, bu/ac Test weight, lbhu Grain protein, % 
0 6 1 57.4 6.3 
40 7 5 57.4 6.4 
6 0 79 57.7 6.6 
80 93 58.0 7.0 
100 93 58.6 8.0 
120 9 8 58.5 7.6 
Contrasts 
Linear *+* 
Quadratic NS NS *+ 
***,***,*,NS - significant at the 0.01,0.05, and 0. l probability level or non-significant 

Table 3. Simple effects of N source and N time of application on wheat grain yield, test weight, 
and grain protein at the Northwest Research Station, 2004-2005. 
N source N time of application Grain yield, bu/ac Test weight, lbhu Grain protein, % 

.t 

Urea Green-up 69 b '  59.4 c 7.1 c 
Feekes 6 77 a 60.1 a 7.9 a 

UAN Green-up 76 a 59.7 b 7.5 b 
Feekes 6 77 a 60.0 ab 7.8 a 

'-means followed by the same letter are not significantly different using LSD (a  = 0.1) 

Table 4. Simple effects of urea time of application, S rate, and S source on wheat grain yield, 
test weight, and grain protein at the Northwest Research Station, 2004-2005. 
N time of application S source S rate, lb/ac Grain yield, bufac Grain protein, % 
Green-up --- 0 67 d' 7.1 d 

AMS 2 0 70 c 
40 70 c 

Gypsum 20 69 cd 7.2 d 
40 70 c 7.3 d 

Feekes 6 

AMS 20 78 a 
40 74 b 

Gypsum 20 77 ab 8.1 b 
40 79 a 8.6 a 

'-means followed by the same letter are not significantly different using LSD (a  = 0.1) 
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Table 5. blain effect of N source on wheat grain yield, test weight, and grain protein at the 
Western Research Station. 2004-2005. 
N source Grain yield, bulac Test weight, lb/bu Grain protein, % 
Urea 98 a' 59.0 a 9.4 a 
UAN 93 a 58.2 b 7.3 b 
'-means followed by the same letter are not significantly different using Fisher's F-test (alpha of 0.1) 

Table 6. Main effect of N application timing on wheat grain yield at the Western Research 
Station, 2004-2005. 
N time of application Grain yield, bdac Test weight, lb/bu 
Green-up 97 at 57.2 a 
Feekes 6 95 a 58.9 a 
'-means followed by the same letter are not significantly different using Fisher's F-test (alpha of 0.1) 

Table 7. Main effect of S rate on wheat grain yield and test weight at the Western Research 
Station, 2004-2005. 
S rate, Iblac Grain yield, bdac Test weight, lbhu 
0 95 
2 0 99 
40 94 
Contrasts 
Linear NS 
Quadratic NS NS 
* **,***,*.NS - significant at the 0.0 1.0.05. and 0.1 probability level or non-significant 

Table 8. Main effect of S source on wheat grain yield, test weight, and grain protein at the 
Western Research Station, 2004-2005. 
S source Grain yield, bdac Test weight, lbhu Grain protein. % 
AMS 98 a' 59.1 a 9.6 a 
Gypsum 95 a 58.9 a 9.7 a 
'-means followed by the same letter are not significantly different using Fisher's F-test (alpha of 0.1) 

Table 9. Simple effects of urea application timing and S rate on grain protein at the Western 
Research Station, 2004-2005. 
N time of application S rate, Iblac Grain protein, % 
Green-up 0 9.1 cT 

20 9.3 c 
40 9.3 c 

Feekes 6 0 9.7 b 
2 0 9.8 b 
40 10.3 a 

'-means followed by the same letter are not significantly ddferent using LSD (a = 0.1) 
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