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Sulfur and chloride are two essential plant nutrients, occasionally found to be deficient in winter wheat.  These nutrients have received considerable attention in various parts of the United States in the past 20 to 30 years.  Sulfur functions in plants as an important element in three amino acids and is thus critical to the normal development of proteins in plants (and animals).  Chloride is believed to be essential in plant regulation of water.  Both elements are absorbed as in chemical forms that are quite mobile in soils (move with water).  Consequently, deficiencies of these elements should be expected when high yields are produced in deep, sandy soils that are low in soil organic matter.

Materials and Methods
I

n the fall of 1995 three locations were identified for continued evaluation of wheat response to sulfur and chloride.  The Carrier location is similar to the location where an earlier four year study was conducted (1992-1995).  The Hennessey location is typical of the environment for wheat production in the large Northcentral Oklahoma region.  The Perkins location is on a deep, sandy, low organic matter soil, subject to leaching of mobile nutrients like Cl and S.


Sulfur trials are randomized complete block experiments with three reps and sulfur levels of 0, 50, 100, and 200 lb S/acre applied preplant annually in the form of gypsum (Calcium sulfate, 17 % S). The chloride trials are similar to the sulfur trials except chloride is present at rates of 0, 30, and 60 lb Cl/acre, applied preplant as calcium chloride (60.7 % Cl), and only grain is harvested.  Plot size for all trials is 16 by 20 feet. In 1995 only grain was harvested because the extremely dry weather did not produce significant fall and winter forage.  Both grain and forage were harvested during the 1996-97 production year, during which rainfall was normal or above normal for forage production.  Grain production for the 1996-97 season was negatively influenced by late freezing (April 13-15) but positively influenced by excellent grain filling conditions.

Results and Discussion
1996 Yields


Grain yields were exceptionally good at the Carrier and Hennessey locations, in spite of the relatively dry year.  Nevertheless, even with these high yields there was no significant response to chloride at these two locations (Table 1).  Chloride, at the 60 lb/acre rate resulted in a 25 bushel yield at Perkins.  This yield was 6.0 bushels above the no-chloride control and 4.3 bushels above the 30 lb/acre chloride treatment.  These yield responses to chloride were statistically significant, and are likely a result of the sandy location that allowed chloride to be leached out the previous year (above average rainfall) and the crop to be under unusual drought stress in the 1995-96 season. 

There were no significant responses to sulfur applications at any of the three locations (Table 2) in 1995.

	Table 1.  Wheat Response* to Chloride at Three Locations in 1996

	Cl Rate
	
	Carrier
	Hennessey
	Perkins

	(lb Cl/acre)
	
	Wheat yields (bu/acre)

	0.0
	
	42.1
	42.9
	19.0

	30.0
	
	41.5
	41.6
	20.7

	60.0
	
	43.5
	41.9
	25.0

	
	
	
	
	

	SED*
	
	6.8
	3.7
	2.1

	* SED = Standard Error of Difference between equally replicated means.  Mean yields for a given location must differ by roughly 2 times the SED in order to be significantly different.


	Table 2.  Wheat Response* to Sulfur at Three Locations in 1996.

	S Rate
	
	Carrier
	Hennessey
	Perkins

	(lb S/acre)
	
	Wheat Yield (bu/acre)

	0.0
	
	44.8
	41.0
	23.2

	50.0
	
	44.7
	41.0
	22.9

	100.0
	
	41.7
	40.7
	25.8

	200.0
	
	43.6
	41.0
	21.3

	
	
	
	
	

	SED*
	
	2.9
	2.2
	2.8

	* SED = Standard Error of Difference between equally replicated means.  Mean yields for a given location must differ by roughly 2 times the SED in order to be significantly different.


1997 Yields


Wheat grain response to chloride in 1997 was similar to that found for 1996.  Yields were relatively high at Carrier and Hennessey, but there was no response to chloride.  At the Perkins location yields were extremely poor, but there was a small and significant response to the 60 lb Cl/acre application.

	Table 3.  Wheat Response to Chloride at Three Locations in 1997

	Cl Rate
	
	Carrier
	Hennessey
	Perkins

	(lb S/acre)
	
	Wheat Yield (bu/acre)

	0.0
	
	54.0
	30.7
	9.4

	30.0
	
	55.0
	32.2
	9.8

	60.0
	
	55.3
	39.5
	12.4

	SED
	
	4.8
	7.5
	1.0



Wheat grain yields responded significantly to the addition of 200 lb S/acre applied as gypsum at the Hennessey location where an 8.2 bu/acre increase was measured (Table 4).  At the Carrier location, where yields averaged 60 bu/acre, there was no response to sulfur.  Similarly, although yields were much lower, there was no grain response to sulfur at Perkins.


Total forage production from fall (Feekes 4) and winter (Feekes 10) harvests showed no response to sulfur at either the Carrier or Hennessey sites.  At the Perkins site there was a significant response to 100 lb S/acre but not to either 50 lb S or 200 lb S/acre.  This is unusual, since gypsum is non-toxic and one would expect that if the 100 lb rate caused a positive response that the 200 lb rate would also cause a positive response.

	Table 4.  Wheat Response to Sulfur at Three Locations in 1997

	S Rate
	
	Carrier
	Hennessey
	Perkins

	(lb S/acre)
	
	Wheat Yield (bu/acre)

	0
	
	60.4
	37.5
	15.8

	50
	
	60.2
	38.6
	16.0

	100
	
	57.0
	35.4
	19.2

	200
	
	61.4
	45.7
	16.3

	SED
	
	4.2
	1.4
	2.3

	
	
	
	
	

	
	
	Forage Yield (lb/acre)

	0
	
	3309
	10094
	4363

	50
	
	2864
	9720
	3788

	100
	
	4417
	8987
	5409

	200
	
	3621
	10193
	3846

	SED
	
	884
	2092
	331


Summary and Conclusions

Twelve site years of examining wheat grain response to chloride and sulfur have resulted in three positive responses.  Two of these significant responses have been to the application of chloride, at the Perkins site, where yield levels have been relatively poor (11 to 22 bu/acre).  One significant grain response to sulfur was found, and it was at the Hennessey site, but only at the 200 lb S/acre rate in 1997.  In the same year forage yields were abnormally large, but there were no significant responses to applied sulfur at this site.  The only significant forage response to sulfur came at the Perkins site, but only at the intermediate rate.


Continued inconsistencies, in the response of wheat grain and forage to the application of chloride and sulfur fertilizer, point to the need for additional research.  This needs  to be completed before reliable estimates of response to these elements can be predicted.
