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INTRODUCTION
Optimizing fertilizer inputs for soybean production is important to ensure costs are reduced and maximum yield can be achieved. Potassium is a key component to achieve maximum soybean yield, but current research has demonstrated that chloride in potash can reduce soybean yield under certain circumstances. Yield reductions have range from 1 bushel per acre to close to 20 bushels per acre when high rates of chloride are applied ahead of soybean. Soybean growers need a better understanding of when issues related to chloride are more prevalent to ensure they are not purchasing inputs that will reduce yield. Current research has demonstrated that potash can reduce soybean yield and that most, if not all, varieties grown in northern growing regions are chloride includers and more susceptible to chloride toxicity. Some research has indicated that changing the timing of when potash is applied for soybean, for example applying high rates ahead of rotational crops, can reduce the risk for yield loss.
Other possible methods to reduce the risk for yield loss need to be assessed as there are soils where higher rates of potassium are needed to ensure maximum soybean yield can be achieved. One such report from the eastern Corn-Belt has indicated the application of sulfur can possibly enhance yield when potash is applied. This data needs to be followed up on with a research study including different rates and sources of sulfur to determine whether the greater yield is due to sulfur. Three research trials were established in 2021 and I am requesting one additional year to further evaluate the potential for sulfur to reduce the risk for a yield reduction in soybean following the application of potash. One area I am interested in is whether sulfate, which is an anion like chloride, might reduce the uptake of chloride by the soybean plant. Chloride uptake is not regulated by plants and if present chloride will be taken up as water is taken up by the plant. Could sulfate reduce the risk for chloride toxicity in soybean?
There is increasing interest in applying sulfur ahead of crops to increase yield. It is commonly known that the conversion of some nutrients in the soil can create acidity. Most common sources of sulfur can result in greater acidification of the soil profile which can have a negative impact on soybean over time. For example, it is reported that 5.4 lbs of calcium carbonate is needed to neutralize the acidity produced through the nitrification of 1 lb on N contained in ammonium sulfate. In addition, 3 lbs of calcium carbonate are needed to neutralize the acidity produced through the oxidation of 1 lb of S as elemental sulfur. Other nitrogen sources such as anhydrous ammonium, urea, and P fertilizer sources such as MAP and DAP can also produce acidity. I am increasingly finding surface soil pH less than 6.0 which is considered optimal for corn and soybean production. With more sulfur being applied, are soybean growers creating issues where surface soil pH is decreasing more rapidly resulting in the potential for lost yield? 
Limestone is used to correct soil acidity, but limestone is not always easily available or cost effective to apply for some soybean growers. Pelletized lime (pell-lime) is available at a higher cost and it can be mixed with granular fertilizer. Other soil fertility researchers and I have discussed whether correcting the acidity in a smaller area of the soil, such as a band of fertilizer, may be sufficient for most crops to maximize nutrient uptake. With RTK guidance being more common it is relatively easy to band lower rates of nutrients and then plant over top the bands so newly emerging roots have access to the nutrients applied and not all of the soil need be fertilized. While a fertilizer band may be mixed with more aggressive tillage, repeated application in the same area could give a more optimal zone for nutrient uptake for crops that over time may increase yield with repeated applications. I have also received some comments from crop consultants on the benefits to banding sulfur. Combining the pell-lime with a band application of fertilizer could slow soil acidification reducing the needs for high rates of crushed limestone creating a zone where nutrient availability is increased. The research needs to be assessed over several years as the change in soil pH is not rapid and may take some time before benefits can be achieved. Since it is most common for sulfur as well as other forms of fertilizer to be applied ahead of corn in a two-year corn-soybean rotation, treatments should be focused on the corn side of the rotation while measuring the follow up effects on soybean to get a full picture of rotational benefits.

PROPOSAL OBJECTIVE & GOAL STATEMENTS:

Objective
Goals

1) Determine if the application of Cl has negative effects of soybean grain yield and quality and whether sulfur application can maintain high soybean yield in the presence of Cl.
	a) Quantify yield impacts for high rates of Cl applied as KCl or CaCl2 on soybean yield and grain quality.
b) Determine whether the application of sulfur can reduce the uptake of Cl by the soybean plant reducing the risk for yield loss from high levels of available Cl.
	c) Develop a set of fertilizer guidelines for soybean to reduce the risk for yield loss due to Cl.
2) Determine whether pell-lime can be banded or broadcast at low rates with and without sulfur to enhance soybean yield grown in rotation with corn.
a) Quantify the economics of pell-lime application banded or broadcast prior to corn in a corn-soybean rotation.
b) Determine if the source of sulfur applied in a two-year corn soybean rotation affects soil acidity and if this impact is affected by fertilizer placement.
c) Determine if low rates of pell-lime can be effective for increasing soil pH, mitigating the acidity produced by sulfur fertilizers, and can increase soybean yield.
3) Quantify the impacts of sulfur source and placement prior to corn on the proceeding soybean crop.
a) Evaluate the impact that sulfur band applied and broadcast to corn may have on corn and soybean yield over time in a 2-year corn-soybean rotation.
b) Assess the impact of sulfur application on corn and soybean plant tissue concentration
c) Compare source and placement of sulfurs impact on post-harvest soil test sulfur concentrations
METHODS AND RESULTS
Objective 1 Methods (Year 3 of 3): Three field studies will be established at University of Minnesota research centers located at Becker, Lamberton and Morris. A single high-yielding soybean variety will be selected for each location. Three large blocks will be established, replicated four times, where no Cl and either 500 lbs Cl as KCl or CaCl2 will be applied in spring prior to planting.  Main blocks will be subdivided into 6 sulfur treatments consisting of two sources, AMS and gypsum, applied at three rates (0, 15, 30 lbs S). Trifoliate samples will be taken at R1 to assess Cl uptake.  Trifoliate samples will additionally be analyzed for Total S content by dry combustion. Grain yield, seed weight, protein, oil, and amino acid distribution will also be measured. All studies will be run for 1 year at each location and discontinued after the 2022 growing season.
Objectives 2&3 methods (Year 1 of 7): Field studies will consist of corn soybean rotations established over a period of two years at four locations using a single corn hybrid at each location. All treatments will be applied before the corn crop. The goal for this study will be to set up two-year corn soybean rotations where treatments will be re-applied always ahead of the corn. Soils will be targeted that have a soil pH of less than 6.0 (closer to 5.0 would be ideal).  Three sources of sulfur will be applied at 25 lbs of S per acre. Sources will include ammonium sulfate (AMS), potassium sulfate, and potassium MST (Sulvaris/Nurien). Potassium MST is a micronized elemental sulfur fertilizer source that is co-granulated with potash (like microessentials from Mosaic). I am selecting this source as it is nearly all elemental S at the S source in the product compared to micro-essentials which contains a 50/50 mix of AMS and elemental S. Both K MST and K sulfate only contain K and K and will eliminate the use of MAP or DAP which contain S impurities that can make it difficult to determine differences among S sources.  Nitrogen and K will be balanced across treatments at the time of application. If P is needed 6-24-6 will be applied two inches to the side of the seed.
Pell lime will be added in combination with the sulfur treatments at a single rate. The target rate for the pell-lime application will be 200 to 250 lbs but may be adjusted up or down based on starting soil pH and cost of the product. All treatments will be applied with a research grade fertilizer spreader either broadcast to the soil surface or banded using a coulter injection system to a depth of 4-6 inches. Lime will always be applied the using the same application method as fertilizer for a given plot. A minimum amount of tillage will be used at each location as to achieve optimum stand establishment while minimizing disturbance to the bands. All sites will be managed using conventional tillage so it is likely that the bands will be disturbed if a disk chisel tillage system is used after corn before soybean is planted. All trials will be planted using RTK guidance so corn and soybean rows can be planted over the top of fertilizer bands. All plots will contain four crop rows and will be 10 feet wide)
Soil samples will be collected from all plots at a depth of 0-6 and 6-12” prior to initial treatment application and will be analyzed for routine soil measurements, P, K, pH and OM, as well as sulfate-S. Additional 0-6” soil samples will be collected after harvest sampling both in- and between the corn rows and will be analyzed for pH and sulfate-S only (0-6 and 6-12” samples will be collected after soybean is grown but will not be collected in fall 2022). The primary goal of the soil analysis is to determine whether changes in pH are occurring due to the fertilizer placement. I am less interested in sulfate-S in this study so deeper (12-24”) soil samples are not planned. Year 1 will be corn and plant tissue samples will be collected by sampling the leaf opposite and below the ear at R1 and will be analyzed for total S concentration by dry combustion. Corn grain yield and seed weights will be assessed at the end of the growing season.

Study 1: Effect of sulfur on soybean yield and on mitigation of negative impacts of Cl on soybean.

Study 3 follows up on work conducted in study 2. Sulfur is taken up in the sulfate form which is an anion like Cl. One area I wanted to focus on is whether sulfate can reduce the negative impact of Cl on soybean. I will not include any overall conclusions for this part of the research project since 2021 is the first year of the study. A summary of locations and pertinent soil test information for sites is given in Table 27. The locations used were similar to Study 2 except for Lamberton was substituted for Waseca. Lamberton and Morris were rain-fed sites while Becker was irrigated. A summary of Cl and Sulfate-S concentration in irrigation water is given in Table 28. Irrigation water contained roughly similar concentrations of Cl and Sulfate-S at Becker.
A summary of the ANOVA for measured variables is given in Table 29. Soybean grain yield was reduced by Cl at two of the three locations while S never affected yield, nor did S source or rate interact with Cl. At Lamberton, both Cl sources reduced soybean yield by 6 bushels/ac (Table 30). At Morris the CaCl2 treatment alone reduced soybean grain yield while KCl did not result in soybean yield that differed from the control. I have not run the data across sites and will do that for the 2022 project year report when all six location’s data are available.
Trifoliate S concentration was never affected by S source but was affected by S rate at Morris. However, S rate decreased leaf S concentration at Morris. Chloride application did reduce trifoliate S concentration at Becker with similar effects from either Cl source (Table 31). Trifoliate Cl concentration, on the other hand, was always increased by Cl application (Table 32). At Becker, KCl increased trifoliate S concentration less than CaCl2, but results between eh sources were similar at the other two locations. Trifoliate S concentration was affected by sulfur source at Lamberton where gypsum application tended to reduce the amount of Cl in the trifoliate samples. The Cl by S source interaction was significant at Becker and Morris but the exact reason why is not clear. The S source by rate and the three-way interaction was also significant at Lamberton.
Seed protein concentration was affected by Cl application at one of three locations while S source or rate never impacted seed protein concentration (Table 33). In contrast seed oil concentration was impacted by Cl at two of three locations and again S had no impact. Seed cysteine (Table 35) and methionine (Table 36) content, both S containing proteins, were seldom impacted by Cl application or S source or rate of application. 
This data is part of a multi-year study. Initial results indicate no benefit of S application to soybean regardless of the source applied and that Cl will reduce soybean grain yield regardless of whether S is applied. There was some impact of S on trifoliate S concentration, but any reductions were not translated into reductions in impacts on seed yield. Multiple years of data will help to fully determine the impact of S on Cl.
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	Table 1. Summary of soil test data collected in spring 2021 and 2022 from three locations in Minnesota for a study on chloride impacts on soybean with and without sulfur application. Samples were collected from the 0-6 and 6-24” depths and are a composite of 8 separate cores collected from each block.

	
	
	
	
	Date of
	0-6” Soil Test/1
	Cl
	SO4-S

	Year
	Location
	Soil Type
	Variety/2
	Fert. Ap.
	Planting
	P
	K
	pH
	OM
	0-6”
	6-24”
	0-6”
	6-24”

	
	
	
	
	
	
	--ppm--
	
	-%-
	-----ppm------

	2021
	Becker
	Hubbard
	DGS10XT71
	7-May
	7-May
	117
	113
	6.7
	2.0
	12.1
	8.3
	8.3
	7.8

	
	Lamberton
	Normania
	AG 21XF0
	17-May
	17-May
	55
	281
	7.1
	4.4
	10.5
	11.8
	11.8
	12.4

	
	Morris
	Tara
	NKS06T8L
	12-May
	13-May
	5
	132
	7.8
	6.6
	22.9
	22.2
	9.8
	8.1

	2022
	Becker
	Hubbard
	AG07XF2
	13-May
	15-May
	35
	88
	5.8
	2.0
	7.0
	7.2
	9.1
	7.2

	
	Lamberton
	Normania
	ST 19EC12
	24-May
	24-May
	39
	235
	6.1
	4.8
	9.3
	12.8
	12.3
	4.0

	
	Morris
	Tara
	C 0820
	25-May
	7 Jun.
	12
	105
	6.8
	4.9
	7.8
	7.2
	9.1
	5.8

	/1: P, Bray-P1 phosphorus; K, ammonium acetate K; pH, soil pH; OM, organic matter; Cl, soil chloride extracted with 0.1M CaCl2; SO4-S, sulfate-S extracted by mono-calcium phosphate.
/2: AG, Asgrow; C, Croplan; DG, Dyna Gro; NK, Northrup King; ST, Stine.





Table 2. Summary of irrigation totals for field trials at Becker in 2021 and 2022 and the average chloride and sulfate-S concentrations measured in well water samples collected monthly from May to August.
	
	
	Chloride
	Sulfate-S

	Year
	Irrigation
	Conc
	Amount
	Total
	Conc
	Amount
	Total

	
	
	mg L-1
	lb/in
	lb/ac
	mg L-1
	lb/in
	lb/ac

	2021
	15.7
	27.4
	6.2
	96.8
	27.1
	6.1
	95.7

	2022
	11.6
	28.0
	6.3
	73.1
	26.2
	5.9
	68.4







Sulfur is taken up in the sulfate form which is an anion like Cl. One area I wanted to focus on is whether sulfate can reduce the negative impact of Cl on soybean. A summary of locations and pertinent soil test information for sites is given in Table 1Lamberton and Morris were rain-fed sites while Becker was irrigated. A summary of Cl and Sulfate-S concentration in irrigation water is given in Table 2. Irrigation water contained roughly similar concentrations of Cl and Sulfate-S at Becker and were relatively high where 25-30 lbs of Sulfate-S or Cl were applied annually at Becker.
A summary of the ANOVA for measured variables is given in Table 3 for the 2021 locations while Table 4 summarizes 2022 locations. 


Table 3. Summary of ANOVA results for measured variable for the three locations in Study 1 conducted in 2021.
	
	
	
	R1 Trifoliate
	Soybean Seed

	Location
	Var
	Yield
	S
	Cl
	Pro
	Oil
	Cys
	Met

	
	
	-----P>F-----

	Becker
	Cl
	0.18
	0.07
	***
	***
	*
	0.25
	0.16

	
	S
	0.83
	0.28
	0.34
	0.82
	0.47
	0.67
	0.65

	
	ClxS
	0.11
	*
	***
	0.89
	0.28
	0.26
	0.26

	
	R
	0.46
	0.84
	0.96
	0.25
	0.47
	0.44
	0.85

	
	ClxR
	0.68
	0.82
	0.90
	0.45
	0.39
	0.17
	0.38

	
	SxR
	0.98
	0.08
	0.43
	0.23
	0.30
	1.00
	0.85

	
	ClxSxR
	0.55
	0.94
	0.84
	0.45
	0.51
	0.30
	0.77

	
	
	
	
	
	
	
	
	

	Lamberton
	Cl
	0.08
	0.13
	***
	0.13
	0.19
	0.34
	0.18

	
	S
	0.57
	0.82
	*
	0.50
	0.52
	0.91
	0.95

	
	ClxS
	0.13
	0.15
	0.27
	0.80
	0.33
	0.65
	0.11

	
	R
	0.65
	0.46
	0.78
	0.25
	0.41
	*
	0.26

	
	ClxR
	0.75
	0.06
	0.07
	0.62
	0.69
	0.28
	0.92

	
	SxR
	0.51
	0.90
	*
	0.29
	0.97
	0.61
	0.68

	
	ClxSxR
	0.39
	0.64
	*
	0.89
	0.84
	0.70
	0.70

	
	
	
	
	
	
	
	
	

	Morris
	Cl
	*
	0.37
	*
	0.27
	0.06
	0.09
	0.06

	
	S
	0.93
	0.15
	0.66
	0.23
	0.16
	0.15
	0.27

	
	ClxS
	0.87
	0.12
	0.07
	*
	0.09
	**
	0.06

	
	R
	0.47
	*
	0.41
	0.89
	0.25
	0.19
	1.00

	
	ClxR
	0.50
	0.58
	0.66
	0.32
	0.26
	0.26
	0.43

	
	SxR
	0.83
	0.96
	0.38
	0.43
	0.66
	0.06
	0.20

	
	ClxSxR
	0.25
	0.81
	0.74
	0.54
	0.36
	0.14
	0.80


*, **, and *** represent treatment significance at P<0,05, 0,01, and 0,001 probability levels.


Table 4. Summary of ANOVA results for measured variable for the three locations in Study 1 conducted in 2022.
	
	
	
	R1 Trifoliate
	Soybean Seed

	Location
	Var
	Yield
	S
	Cl
	Pro
	Oil
	Cys
	Met

	
	
	-----P>F-----

	Becker
	Cl
	0.93
	0.91
	***
	**
	0.21
	0.25
	0.19

	
	S
	0.09
	0.81
	0.52
	0.34
	*
	0.67
	0.40

	
	ClxS
	0.10
	0.17
	0.63
	*
	0.37
	0.26
	0.34

	
	R
	0.75
	0.19
	0.98
	0.48
	0.71
	0.44
	0.58

	
	ClxR
	0.14
	0.95
	0.38
	0.59
	0.56
	0.17
	0.87

	
	SxR
	0.68
	0.13
	0.41
	0.07
	0.08
	1.00
	0.29

	
	ClxSxR
	0.36
	0.34
	0.82
	0.62
	0.50
	0.30
	0.06

	
	
	
	
	
	
	
	
	

	Lamberton
	Cl
	0.28
	0.06
	***
	0.30
	0.22
	0.34
	0.30

	
	S
	0.89
	0.36
	0.50
	0.42
	0.46
	0.91
	0.13

	
	ClxS
	0.10
	0.39
	0.30
	0.37
	0.59
	0.65
	0.55

	
	R
	0.39
	0.89
	0.93
	0.25
	0.44
	*
	0.77

	
	ClxR
	0.09
	0.14
	0.52
	**
	0.10
	0.29
	0.71

	
	SxR
	0.17
	0.43
	0.54
	0.40
	0.18
	0.61
	0.20

	
	ClxSxR
	0.15
	0.25
	0.48
	0.10
	0.07
	0.70
	0.37

	
	
	
	
	
	
	
	
	

	Morris
	Cl
	0.72
	0.77
	0.15
	*
	0.24
	0.09
	0.22

	
	S
	0.48
	0.99
	0.08
	0.71
	0.85
	0.15
	0.71

	
	ClxS
	0.38
	*
	0.11
	0.06
	0.40
	**
	0.47

	
	R
	0.78
	0.35
	0.33
	*
	0.65
	0.19
	0.35

	
	ClxR
	0.14
	0.77
	0.50
	0.71
	0.62
	0.26
	0.31

	
	SxR
	0.32
	0.48
	*
	0.07
	0.06
	0.06
	0.28

	
	ClxSxR
	0.99
	0.97
	0.44
	0.40
	0.30
	0.14
	0.51


*, **, and *** represent treatment significance at P<0,05, 0,01, and 0,001 probability levels.
















	Table 5. Summary of the impact of chloride source and sulfur source x rate on soybean grain yield at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	--------------------bushels per acre (13%)--------------------

	Becker
	None
	56
	59
	56
	64
	60
	58
	59

	2021
	KCl
	57
	56
	54
	53
	53
	51
	54

	
	CaCl2
	51
	52
	49
	48
	55
	53
	51

	
	Avg
	54
	55
	

	Lamberton
	None
	63
	66
	69
	62
	63
	60
	64a

	2021
	KCl
	57
	59
	60
	56
	57
	61
	58b

	
	CaCl2
	59
	54
	57
	58
	61
	58
	58b

	
	Avg
	60
	60
	

	Morris
	None
	33
	24
	25
	25
	28
	31
	28a

	2021
	KCl
	17
	23
	25
	19
	21
	24
	22a

	
	CaCl2
	12
	13
	14
	14
	10
	13
	13b

	
	Avg
	21
	21
	

	Becker
	None
	56
	54
	52
	58
	56
	55
	55

	2022
	KCl
	53
	59
	55
	55
	55
	54
	55

	
	CaCl2
	54
	53
	56
	57
	58
	57
	56

	
	Avg
	55b
	56a
	

	Lamberton
	None
	69
	70
	69
	70
	71
	73
	70

	2022
	KCl
	70
	70
	71
	70
	65
	69
	69

	
	CaCl2
	72
	73
	70
	68
	74
	74
	72

	
	Avg
	70
	70
	

	Morris
	None
	35
	37
	40
	31
	38
	38
	36

	2022
	KCl
	40
	32
	35
	38
	38
	36
	36

	
	CaCl2
	42
	37
	39
	37
	35
	36
	38

	
	Avg
	37
	36
	



Soybean grain yield was reduced by Cl at two of the three 2021 locations while S never affected yield, nor did S source or rate interact with Cl. At Lamberton, both Cl sources reduced soybean yield by 6 bushels/ac (Table 5). At Morris the CaCl2 treatment alone reduced soybean grain yield while KCl did not result in soybean yield that differed from the control. There was no reduction in soybean grin yield at the 2022 locations due to Cl application. The only site with any sulfur response was at Becker in 2022 where sulfur rate did not affect yield rather yield was slightly higher for plots receiving gypsum compared to AMS. There was no clear evidence that sulfur increased soybean grain yield due to the lack of an effect of rate. This is consistent with past research on inconsistent to no response to sulfur on soybean.



	Table 6. Summary of the impact of chloride source and sulfur source x rate on soybean trifoliate total S concentration for the uppermost fully developed trifoliate plus petiole collected at R1-R2 at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	--------------------R2 Trifoliate S conc. (%)--------------------

	Becker
	None
	0.34
	0.34
	0.34
	0.35
	0.35
	0.33
	0.34a

	2021
	KCl
	0.33
	0.32
	0.34
	0.33
	0.33
	0.31
	0.33b

	
	CaCl2
	0.34
	0.33
	0.37
	0.31
	0.31
	0.30
	0.32b

	
	Avg
	0.34
	0.32
	

	Lamberton
	None
	0.29
	0.30
	0.27
	0.29
	0.28
	0.28
	0.29

	2021
	KCl
	0.26
	0.27
	0.28
	0.27
	0.25
	0.28
	0.27

	
	CaCl2
	0.26
	0.26
	0.28
	0.27
	0.29
	0.28
	0.27

	
	Avg
	0.28
	0.28
	

	Morris
	None
	0.26
	0.25
	0.26
	0.26
	0.25
	0.26
	0.26

	2021
	KCl
	0.30
	0.29
	0.28
	0.28
	0.27
	0.26
	0.28

	
	CaCl2
	0.28
	0.27
	0.27
	0.27
	0.27
	0.26
	0.27

	
	Avg
	0.27
	0.26
	

	Becker
	None
	0.32
	0.31
	0.32
	0.32
	0.32
	0.31
	0.32

	2022
	KCl
	0.30
	0.31
	0.31
	0.33
	0.30
	0.31
	0.31

	
	CaCl2
	0.32
	0.31
	0.32
	0.32
	0.30
	0.29
	0.31

	
	Avg
	0.31
	0.31
	

	Lamberton
	None
	0.28
	0.31
	0.31
	0.30
	0.29
	0.31
	0.30a

	2022
	KCl
	0.29
	0.28
	0.29
	0.26
	0.28
	0.27
	0.28b

	
	CaCl2
	0.30
	0.26
	0.29
	0.29
	0.28
	0.26
	0.28b

	
	Avg
	0.29
	0.28
	

	Morris
	None
	0.30
	0.29
	0.30
	0.31
	0.31
	0.31
	0.30

	2022
	KCl
	0.32
	0.31
	0.32
	0.31
	0.32
	0.32
	0.32

	
	CaCl2
	0.34
	0.32
	0.33
	0.32
	0.30
	0.31
	0.32

	
	Avg
	0.31
	0.31
	



Trifoliate S concentration was never affected by S source but was affected by S rate at Morris in 2021. However, S rate decreased leaf S concentration at Morris. Chloride application did reduce trifoliate S concentration at Becker in 2021 and Lamberton in 2022, with similar effects from either Cl source (Table 6). None of the sulfur concentrations in the trifoliate tissue were low according to current sufficiency ranges. Sites were not selected for potential response to S rather the S impact was looked at regarding the impact on Chloride. Chloride and sulfate are both anions, but they do not appear to mutually exclude each other in terms of plant uptake. 



	Table 7. Summary of the impact of chloride source and sulfur source x rate on soybean trifoliate total Cl concentration for the uppermost fully developed trifoliate plus petiole collected at R1-R2 at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	-------------------- R2 Trifoliate Cl conc. (ppm)--------------------

	Becker
	None
	762
	795
	812
	888
	742
	800
	780c

	2021
	KCl
	2666
	3331
	2867
	2380
	2314
	2611
	2695b

	
	CaCl2
	2010
	2332
	2221
	4939
	4331
	4116
	3325a

	
	Avg
	2569
	1977
	

	Lamberton
	None
	935
	999
	1043
	995
	905
	972
	970b

	2021
	KCl
	4099
	3455
	3266
	2512
	3871
	2885
	3348a

	
	CaCl2
	4133
	3321
	3505
	3206
	3088
	3631
	3481a

	
	Avg
	2751a
	2448b
	

	Morris
	None
	1225
	1217
	1288
	1407
	1038
	1238
	1236b

	2021
	KCl
	2751
	2789
	2685
	2995
	3412
	3050
	2846a

	
	CaCl2
	3494
	3443
	3094
	3397
	2762
	3158
	3225a

	
	Avg
	2402
	2469
	

	Becker
	None
	901
	933
	916
	900
	922
	873
	907c

	2022
	KCl
	3399
	2845
	2939
	3088
	3041
	3312
	3104b

	
	CaCl2
	3547
	3737
	3582
	3576
	4036
	3914
	3732a

	
	Avg
	2533
	2629
	

	Lamberton
	None
	501
	561
	526
	494
	487
	525
	514b

	2022
	KCl
	1097
	1093
	1213
	1232
	1230
	1322
	1198a

	
	CaCl2
	1206
	1049
	1163
	1223
	1288
	1051
	1161a

	
	Avg
	935
	984
	

	Morris
	None
	1645
	1952
	1728
	1924
	1653
	1736
	1778

	2022
	KCl
	1749
	1859
	1714
	2366
	1932
	1977
	1933

	
	CaCl2
	1375
	1348
	1417
	1528
	1534
	1452
	1442

	
	Avg
	1643b
	1806a
	



Trifoliate Cl concentration was almost always increased by Cl application (Table 7). In some cases, the Cl sources differed with a greater increase in tissue Cl concentration when CaCl2 was applied. Sulfur rate never affected the amount of chloride in the trifoliate tissue.  However, the source of sulfur did affect trifoliate Cl concentration, but the impact was not consistent. At Lamberton in 2021, chloride in the trifoliate tissue was greater when AMS was used but gypsum application resulted in greater trifoliate tissue concentration at Morris in 2022. While different, the actual difference was relatively low compared to the increase in lead Cl concentration with Cl application. Since there was generally no difference in how the Cl sources impacted yield, any change in trifoliate Cl concentration was relatively meaningless. Since the only impact was due to source it may not be sulfur that impacted Cl concentration at all. If large applications of Cl are made normal application rates of S will not reduce the uptake of Cl.

	Table 8. Summary of the impact of chloride source and sulfur source x rate on soybean seed protein concentration at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	--------------------Seed Protein conc. (%)--------------------

	Becker
	None
	33.1
	33.2
	32.4
	33.1
	32.9
	32.9
	32.9a

	2021
	KCl
	32.2
	31.9
	31.9
	32.0
	31.9
	32.0
	32.0b

	
	CaCl2
	32.2
	32.0
	31.9
	31.8
	32.1
	32.0
	32.0b

	
	Avg
	32.3
	32.3
	

	Lamberton
	None
	34.2
	34.2
	34.3
	34.1
	34.0
	34.4
	34.2

	2021
	KCl
	34.4
	34.1
	34.1
	34.3
	34.3
	34.5
	34.3

	
	CaCl2
	34.4
	34.6
	34.6
	34.4
	34.4
	35.0
	34.6

	
	Avg
	34.3
	34.4
	

	Morris
	None
	35.0
	35.1
	35.1
	34.8
	35.1
	34.8
	35.0

	2021
	KCl
	34.2
	34.2
	34.2
	34.6
	34.8
	35.3
	34.6

	
	CaCl2
	35.0
	35.1
	34.1
	35.3
	35.0
	35.1
	34.9

	
	Avg
	34.7
	35.0
	

	Becker
	None
	34.6
	34.5
	34.5
	34.6
	34.5
	34.4
	34.5c

	2022
	KCl
	34.4
	34.7
	34.6
	35.5
	34.9
	35.0
	34.9b

	
	CaCl2
	34.9
	35.5
	35.1
	35.5
	35.4
	35.2
	35.3a

	
	Avg
	34.8
	35.0
	

	Lamberton
	None
	34.3
	33.8
	34.0
	33.9
	34.4
	33.8
	34.0

	2022
	KCl
	33.6
	33.9
	33.7
	33.7
	34.1
	33.6
	33.8

	
	CaCl2
	33.9
	33.3
	33.4
	34.2
	33.4
	33.9
	33.7

	
	Avg
	33.8
	33.9
	

	Morris
	None
	35.9
	35.7
	35.6
	36.0
	35.8
	36.2
	35.9a

	2022
	KCl
	35.4
	35.3
	35.6
	35.2
	34.9
	35.5
	35.3b

	
	CaCl2
	36.3
	35.6
	35.7
	35.5
	35.6
	35.9
	35.8a

	
	Avg
	35.7
	35.6
	



Seed protein concentration was affected by Cl application at one of three locations while S source or rate never impacted seed protein (Table 8) or oil (Table 9) concentration. As expected, when protein was increased seed oil concentration was decreased. Seed cysteine (Table 10) and methionine (Table 11) content, both S containing proteins, were seldom impacted by Cl application or S source or rate of application. 



	Table 9. Summary of the impact of chloride source and sulfur source x rate on soybean seed oil concentration at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	--------------------Seed Oil conc. (%)--------------------

	Becker
	None
	18.6
	18.7
	18.9
	18.2
	18.5
	18.6
	18.6b

	2021
	KCl
	19.1
	19.3
	18.8
	19.1
	18.9
	19.1
	19.0a

	
	CaCl2
	19.0
	19.2
	19.0
	19.0
	19.0
	19.0
	19.0a

	
	Avg
	18.9
	18.8
	

	Lamberton
	None
	18.9
	19.1
	18.8
	18.9
	19.1
	19.0
	19.0

	2021
	KCl
	19.1
	19.2
	19.1
	19.0
	18.9
	18.9
	19.0

	
	CaCl2
	19.0
	18.8
	18.8
	18.9
	18.8
	18.6
	18.8

	
	Avg
	19.0
	18.9
	

	Morris
	None
	17.5
	17.1
	17.0
	17.2
	17.2
	17.1
	17.2b

	2021
	KCl
	17.5
	17.6
	17.6
	17.4
	17.2
	17.0
	17.4a

	
	CaCl2
	17.2
	17.2
	17.3
	17.1
	17.3
	17.2
	17.2ab

	
	Avg
	17.3
	17.2
	

	Becker
	None
	17.0
	17.0
	17.0
	16.6
	16.8
	16.8
	16.9a

	2022
	KCl
	16.9
	16.7
	16.8
	16.7
	16.9
	16.7
	16.8ab

	
	CaCl2
	16.7
	16.5
	17.0
	16.7
	16.7
	16.6
	16.7b

	
	Avg
	16.9
	16.7
	

	Lamberton
	None
	17.5
	17.4
	17.3
	17.5
	17.2
	17.5
	17.4

	2022
	KCl
	17.9
	17.4
	17.9
	17.5
	17.5
	17.8
	17.7

	
	CaCl2
	17.6
	17.6
	17.9
	17.3
	17.9
	17.4
	17.6

	
	Avg
	17.6
	17.5
	

	Morris
	None
	17.0
	17.3
	17.2
	16.9
	17.0
	17.1
	17.1

	2022
	KCl
	17.0
	17.0
	17.2
	17.3
	17.5
	16.8
	17.1

	
	CaCl2
	16.6
	16.7
	16.9
	17.0
	17.0
	16.7
	16.8

	
	Avg
	17.0
	17.0
	













	Table 10. Summary of the impact of chloride source and sulfur source x rate on soybean seed cysteine concentration at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	------------------Seed Cysteine conc. (% of total pro.)------------------

	Becker
	None
	0.59
	0.56
	0.57
	0.59
	0.59
	0.56
	0.58

	2021
	KCl
	0.58
	0.55
	0.55
	0.57
	0.57
	0.57
	0.56

	
	CaCl2
	0.56
	0.59
	0.58
	0.56
	0.55
	0.57
	0.57

	
	Avg
	0.57
	0.57
	

	Lamberton
	None
	0.57
	0.60
	0.59
	0.57
	0.58
	0.60
	0.58

	2021
	KCl
	0.58
	0.60
	0.59
	0.58
	0.60
	0.58
	0.59

	
	CaCl2
	0.60
	0.60
	0.59
	0.59
	0.59
	0.61
	0.60

	
	Avg
	0.59
	0.59
	

	Morris
	None
	0.58
	0.59
	0.60
	0.58
	0.58
	0.58
	0.58a

	2021
	KCl
	0.56
	0.57
	0.57
	0.57
	0.57
	0.59
	0.57b

	
	CaCl2
	0.56
	0.57
	0.57
	0.60
	0.57
	0.58
	0.57b

	
	Avg
	0.57
	0.58
	

	Becker
	None
	0.60
	0.59
	0.60
	0.59
	0.58
	0.59
	0.59

	2022
	KCl
	0.58
	0.58
	0.58
	0.59
	0.59
	0.59
	0.58

	
	CaCl2
	0.57
	0.59
	0.58
	0.59
	0.59
	0.60
	0.59

	
	Avg
	0.59
	0.59
	

	Lamberton
	None
	0.55
	0.56
	0.56
	0.56
	0.58
	0.57
	0.56

	2022
	KCl
	0.56
	0.54
	0.56
	0.56
	0.57
	0.57
	0.56

	
	CaCl2
	0.56
	0.57
	0.56
	0.56
	0.56
	0.55
	0.56

	
	Avg
	0.56
	0.56
	

	Morris
	None
	0.59
	0.57
	0.58
	0.59
	0.58
	0.61
	0.59

	2022
	KCl
	0.58
	0.58
	0.57
	0.58
	0.57
	0.57
	0.58

	
	CaCl2
	0.59
	0.58
	0.58
	0.60
	0.58
	0.60
	0.59

	
	Avg
	0.58
	0.59
	













	Table 11. Summary of the impact of chloride source and sulfur source x rate on soybean seed methionine concentration at three Minnesota locations in 2021 and 2022.

	
	
	AMS
	Gypsum
	

	Location
	Cl Source
	0
	15
	30
	0
	15
	30
	Avg

	
	
	---------------Seed Methionine conc. (% of total pro.)------------------

	[bookmark: _Hlk133238128]Becker
	None
	0.54
	0.54
	0.53
	0.54
	0.54
	0.54
	0.54

	2021
	KCl
	0.53
	0.53
	0.53
	0.54
	0.53
	0.53
	0.53

	
	CaCl2
	0.53
	0.54
	0.54
	0.53
	0.53
	0.54
	0.53

	
	Avg
	0.53
	0.53
	

	Lamberton
	None
	0.54
	0.55
	0.54
	0.53
	0.54
	0.55
	0.54

	2021
	KCl
	0.55
	0.55
	0.55
	0.54
	0.54
	0.54
	0.54

	
	CaCl2
	0.54
	0.54
	0.54
	0.54
	0.55
	0.55
	0.55

	
	Avg
	0.54
	0.54
	

	Morris
	None
	0.54
	0.54
	0.54
	0.54
	0.53
	0.54
	0.54a

	2021
	KCl
	0.53
	0.53
	0.52
	0.53
	0.53
	0.54
	0.53ab

	
	CaCl2
	0.53
	0.54
	0.53
	0.54
	0.54
	0.54
	0.52b

	
	Avg
	0.53
	0.54
	

	[bookmark: _Hlk133238212]Becker
	None
	0.55
	0.54
	0.54
	0.54
	0.54
	0.54
	0.54

	2022
	KCl
	0.54
	0.54
	0.54
	0.55
	0.54
	0.54
	0.54

	
	CaCl2
	0.54
	0.55
	0.54
	0.55
	0.54
	0.55
	0.55

	
	Avg
	0.54
	0.54
	

	Lamberton
	None
	0.52
	0.52
	0.52
	0.52
	0.54
	0.52
	0.52

	2022
	KCl
	0.52
	0.52
	0.52
	0.52
	0.52
	0.52
	0.52

	
	CaCl2
	0.53
	0.52
	0.52
	0.53
	0.52
	0.52
	0.52

	
	Avg
	0.52
	0.52
	

	Morris
	None
	0.55
	0.55
	0.55
	0.55
	0.54
	0.56
	0.55

	2022
	KCl
	0.54
	0.55
	0.54
	0.55
	0.54
	0.54
	0.54

	
	CaCl2
	0.55
	0.55
	0.55
	0.55
	0.54
	0.55
	0.55

	
	Avg
	0.54
	0.55
	



















	Table 12. Summary of treatment main effect across six locations in Minnesota where Cl and S were applied to soybean. For each main effect, within columns, numbers followed by the same letter are not statistically significant at P<0.10.

	Effect
	Level
	Tri S
	Tri Cl
	Yield
	Pro
	Oil

	
	
	
	
	
	
	

	Cl Source
	None
	0.30
	1035b
	52a
	34.4a
	17.7b

	
	KCl
	0.30
	2522a
	49b
	34.1b
	17.8a

	
	CaCl2
	0.30
	2727a
	48b
	34.4a
	17.7b

	
	
	
	
	
	
	

	S Source
	AMS
	0.30
	2042
	50
	34.3b
	17.8a

	
	Gypsum
	0.29
	2148
	50
	34.4a
	17.7b

	
	
	
	
	
	
	

	S rate
	0
	0.30a
	2126
	49
	34.4
	17.7

	lb/ac
	15
	0.29b
	2094
	50
	34.3
	17.8

	
	30
	0.30a
	2064
	50
	34.3
	17.7

	
	
	
	
	
	
	

	Statistics (P>F)

	Cl
	
	0.73
	***
	*
	*
	*

	S
	
	0.13
	0.37
	0.94
	0.08
	*

	ClxS
	
	*
	**
	0.41
	0.19
	0.71

	R
	
	0.11
	0.66
	0.69
	0.35
	0.66

	ClxR
	
	0.70
	0.88
	0.99
	0.75
	0.84

	SxR
	
	0.06
	0.80
	0.65
	*
	0.27

	ClxSxR
	
	0.46
	0.66
	0.68
	0.67
	0.20


*, **, and *** represent treatment significance at P<0,05, 0,01, and 0,001 probability levels.

Table 12 summarizes data for selected variables across the six site-years. Trifoilate S concentration was not affected by chloride application, sulfur source, and sulfur rate. The P value for rate was close to the accepted probability level but the 0 S control produced the highest S concentration. As was previously mentioned the sites were not selected for their potential response to S and the S concentration averages were well above the accepted sufficiency range. Leaf Cl concentration was significantly affected by Cl source with both KCl and CaCl2 similarly increasing leaf Cl concentration. Sulfur rate did not impact leaf Cl concentration but there was significant a interaction between Cl source and S source. This interaction was a result of differences in leaf Cl concentration when CaCl2 was applied. In this case plots with gypsum applied with CaCl2 had greater leaf Cl concentration than with AMS. However, application of AMS did not result in leaf Cl concentrations like the no Cl control and the difference between gypsum and AMS wasn’t that large compared to the increase in Cl concentration from the control and both Cl sources. It does not appear that sulfur can reduce the uptake of Cl or vice versa. It should be noted that the application rates of Cl were very high in this study so a normal application rate of S may not be enough to counteract the uptake of Cl.

Soybean grain yield was only impacted by Cl averaging a 3-4 bushel per acre decrease in yield across the six locations. Sulfur did not reduce the impact of Cl on soybean grain yield, nor did it increase soybean yield in the absence of Cl. Soybean seed protein and oil concentration was impacted by both Cl source and S source. Again, when protein was increased then oil was decreased. However, the only source that decreased seed protein concentration was KCl. Other research has shown that K can decrease seed protein and increase oil concentration. Since CaCl2 did not affect protein or oil we can be confident that the impact was due to K and not Cl. Seed protein concentration was greater when gypsum was applied compared to AMS. There was an interaction between S source and rate where protein decreased with increasing S rate when AMS was applied but there was not impact of rate with gypsum. Seed oil concentration was similarly not impacted. Data for cysteine and methionine are not given in Table 12. However, both cysteine and methionine were impacted by Cl and S sources. The impact of Cl and S source on cysteine and methionine mimicked what occurred for seed protein concentration with K lowering relative concentrations of both amino acids and gypsum application resulting in greater average cysteine and methionine concentration. 

Implications to Soybean Producers

The data collected further supports the fact that Cl does have a negative impact on soybean grain yield. Potassium can have a negative impact on seed protein concentration and the distribution of some amino acids. The data further supports that potash should not be applied at high rates ahead of the soybean crop and that sulfur does not help reduce the impact of high application rates of Cl. While we did not find any benefit to sulfur, other research in Indiana has indicated that sulfur may increase soybean grain yield when potash is applied (not shown). That research applied less total Cl which may be the differences in this case. However, we did not see any impact of sulfur on the reduction in the uptake of Cl. Further research is needed on sulfur application to soybean in cropping rotations, but the bulk of the data has shown little to no direct benefit of sulfur on increasing soybean yield and soybean seed quality.





Study 2: Impact of banded and broadcast pell lime with or without sulfur sources in a two-year soybean-corn rotation.

Sulfur and lime placement trials were established in 2022 at two locations. Table 13 summarizes initial soil test values at the two locations while table 14 summarizes dates of fertilizer application and planting as well as the cultivar planted at each location. Table 13 summarizes average soil test values collected across the study. A total of 32 samples were collected before treatment application to assess variability in soil pH across locations. Sites were targeted that had a soil pH less than 6.0. While the 0-6” pH average 6.0 at Rosemount actual values ranged from 5.4 to 7.4. At Waseca, the soil pH ranged from 5.6 to 6.5. Soil test sulfate-S was also measured, and the data is included in Table 13 but the soil S test seldom predicts were a response to S will occur on medium to fine textured.

	Table 13. Summary of soil test data collected in spring 2022 prior to initial treatment application at two locations in Minnesota. Samples were collected from the 0-6 and 6-12” depths and are a composite of 8 separate cores collected from each split-split plot and averaged for each location.

	
	
	
	0-6” Soil Test/1
	pH
	SO4-S

	Start Year
	Location
	Soil Type
	P
	K
	OM
	0-6”
	6-24”
	0-6”
	6-24”

	
	
	
	--ppm--
	-%-
	
	---ppm----

	2022
	Rosemount
	Port Byron
	15
	108
	3.7
	6.0
	na
	11.1
	7.7

	
	Waseca
	Webster
	36
	143
	5.1
	5.9
	na
	8.3
	7.9

	/1: P, Bray-P1 phosphorus; K, ammonium acetate K; pH, soil pH; OM, organic matter; SO4-S, sulfate-S extracted by mono-calcium phosphate.




	Table 14. Summary of planting date, variety, and date of fertilizer application for individual field studies.

	
	
	
	
	Date of

	Crop Year
	Location
	Crop
	Cultivar/1
	Fert. Ap.
	Planting

	2022
	Rosemount
	Corn
	DK49-44
	5-May
	10-May

	
	Waseca
	Corn
	DK49-44
	6-May
	16-May

	/1:DK, Dekalb.



The 2022 data represents the first year of six years planned at the two locations. Corn was planted in year 1 after the initial treatments were applied. Sites were selected based on soil pH and in general areas where sulfur responses have occurred in the past. Broadcast phosphorus was applied when needed. I have been avoiding broadcast P application for S studies to limit incidental application of S as impurities in the P fertilizer. A small amount of starter P was applied as 6-24-6 at both locations as liquid P sources tend to contain less S impurities. 

A crop circle 430 was used to assess differences in greenness at each location and data are summarized in Table 14. Sulfur source affected early season greenness at both locations. At Rosemount the sulfate sources of S tended to produce greener plants with AMS resulting in the greatest NDRE values. At Waseca, all sulfur sources resulted in similar increases in NDRE values. Also, band sulfur application resulted in a slightly greater NDRE value compared to broadcast S. No interactions were present at either location and lime also did not affect early season NDRE values.

Corn ear leaf S concentration was impacted by sulfur source only at Rosemount. Similar to early season NDRE, the two sulfate sources increased ear leaf S concentration in a similar fashion compared to the control. The MST treatment did not result in a greater ear leaf S concentration compared to the control. While not significant, ear leaf S concentration at Waseca did appear to be slightly, numerically greater for all S sources. No important interactions were significant at either location nor did lime impact the concentration of S in the ear leaf tissue.

Corn grain yield was not affected by sulfur or lime at either location. In past long-term S trials, I did not find any initial impacts of sulfur on corn or soybean yield in the early stages of each trial, but yield differed over time. Some of the lack of impact of S I have attributed to sulfur carried over from prior application in the field sites used. Lime also did not have an impact on yield which also may be the fact that treats were initially applied. It should be noted that the rate we are applying for is low at 300 lbs of pell lime per acre and there also is some variability across the locations in pH. I am using this variability as a covariate in the analysis of the data to see if there is an impact of lime possibly in the field areas where pH is the lowest. It would make sense that any field areas where pH is close to 6.0 would not be likely to respond. The initial analysis of the data did not show a strong relationship between initial soil pH and corn response to lime or S.

A table summarizing corn grain S concentration was included but the data are not available at this time (Table 18). I will update this table for the FY22 project report. All data was collected but is still being analyzed by the U fo M soil testing laboratory.

Change in soil pH is summarized in Table 19. There was no evidence that the lime application or S impacted soil pH roughly 9 months after application. It should be noted that I was planning on collecting separate samples between and in the row. However, composite soil samples were collected across each plot not separating the samples between and in-row. I theorized that the band application would have a greater impact on pH. Further years’ samples will be collected between, and in-row as planned. We are using RTK to try to place bands in the same place over time and plant over top the zones. Tillage after corn will likely disperse the bands somewhat so it is unclear the actual zone the bands will impact over time. It may take more time and multiple applications to change soil pH within each field.


	Table 15. Summary of main treatment effects on NDRE measured by crop circle 430 or Rapid scan at the V5-V6 growth stage from the middle two corn rows at two locations in 2022. Effects are considered significant at P<0.10.

	
	
	Control
	AMS
	K-MST
	K2SO4
	Lime
	Statistical Analysis†

	Location
	Lime
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Main
	S
	P
	SxP
	L
	SxL
	PxL
	SxPxL

	Rosemount
	No
	0.250
	0.264
	0.292
	0.293
	0.268
	0.275
	0.297
	0.282
	0.278
	*
	0.58
	0.13
	0.31
	0.59
	0.33
	0.91

	
	Yes
	0.265
	0.266
	0.296
	0.291
	0.279
	0.279
	0.294
	0.279
	0.287
	
	
	
	
	
	
	

	
	
	0.261c
	0.293a
	0.275bc
	0.288ab
	
	
	
	
	
	
	
	

	Waseca
	No
	0.293
	0.293
	0.316
	0.312
	0.313
	0.309
	0.311
	0.304
	0.305
	***
	*
	0.58
	0.32
	0.36
	0.26
	0.34

	
	Yes
	0.298
	0.266
	0.312
	0.305
	0.295
	0.298
	0.317
	0.308
	0.301
	
	
	
	
	
	
	

	
	
	0.287b
	0.311a
	0.304a
	0.310a
	
	
	
	
	
	
	
	


†S, Source of sulfur; P, Band (Band) or broadcast (BCST) placement; L, pell lime application; x, interaction with.
Asterisks indicate significance at P<0.05 (*), P<0.01 (**) and P<0.001 probability levels.

	Table 16. Summary of main treatment effects on R1 corn leaf S concentration (leaf opposite and below the ear) collected in 2022 from 2 MN locaitons. Effects are considered significant at P<0.10.

	
	
	Control
	AMS
	K-MST
	K2SO4
	Lime
	Statistical Analysis†

	Location
	Lime
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Main
	S
	P
	SxP
	L
	SxL
	PxL
	SxPxL

	
	
	----------------------------------------%S------------------------------------------
	
	-------------------------P>F---------------------------

	Rosemount
	No
	0.17
	0.13
	0.17
	0.18
	0.17
	0.15
	0.18
	0.18
	0.17
	**
	0.55
	0.43
	0.23
	0.62
	*
	0.17

	
	Yes
	0.15
	0.17
	0.18
	0.18
	0.16
	0.15
	0.18
	0.20
	0.17
	
	
	
	
	
	
	

	
	
	0.16b
	0.17a
	0.16b
	0.18a
	
	
	
	
	
	
	
	

	Waseca
	No
	0.21
	0.23
	0.23
	0.23
	0.22
	0.23
	0.22
	0.23
	0.23
	0.20
	0.49
	0.61
	0.29
	0.66
	0.22
	0.76

	
	Yes
	0.21
	0.20
	0.23
	0.22
	0.22
	0.23
	0.23
	0.23
	0.22
	
	
	
	
	
	
	

	
	
	0.21b
	0.23a
	0.23a
	0.23a
	
	
	
	
	
	
	
	


†S, Source of sulfur; P, Band (Band) or broadcast (BCST) placement; L, pell lime application; x, interaction with.
Asterisks indicate significance at P<0.05 (*), P<0.01 (**) and P<0.001 probability levels.


	Table 17. Summary of main treatment effects on corn grain yield reported at 15.5% moisture from two MN trials conducted in 2022. Effects are considered significant at P<0.10.

	
	
	Control
	AMS
	K-MST
	K2SO4
	Lime
	Statistical Analysis†

	Location
	Lime
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Main
	S
	P
	SxP
	L
	SxL
	PxL
	SxPxL

	
	
	------------------------------------bushels per acre--------------------------------------
	
	-------------------------P>F---------------------------

	Rosemount
	No
	210
	189
	206
	189
	213
	212
	213
	226
	207
	0.48
	0.92
	0.22
	0.87
	0.52
	0.16
	0.02

	
	Yes
	185
	223
	211
	197
	197
	210
	217
	207
	206
	
	
	
	
	
	
	

	
	
	202
	201
	207
	216
	
	
	
	
	
	
	
	

	Waseca
	No
	231
	225
	233
	227
	233
	231
	228
	233
	233
	0.99
	0.84
	0.73
	0.47
	0.73
	0.25
	0.99

	
	Yes
	232
	230
	233
	228
	226
	229
	227
	232
	233
	
	
	
	
	
	
	

	
	
	230
	230
	230
	230
	
	
	
	
	
	
	
	


†S, Source of sulfur; P, Band (Band) or broadcast (BCST) placement; L, pell lime application; x, interaction with.
Asterisks indicate significance at P<0.05 (*), P<0.01 (**) and P<0.001 probability levels.


	Table 18. Summary of main treatment effects on corn grain S concentration (on a dry basis) from the harvested grain at two MN locations from 2022. Effects are considered significant at P<0.10.

	
	
	Control
	AMS
	K-MST
	K2SO4
	Lime
	Statistical Analysis†

	Location
	Lime
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Main
	S
	P
	SxP
	L
	SxL
	PxL
	SxPxL

	
	
	----------------------------------------%S------------------------------------------
	
	-------------------------P>F---------------------------

	Rosemount
	No
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Yes
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Waseca
	No
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Yes
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


†S, Source of sulfur; P, Band (Band) or broadcast (BCST) placement; L, pell lime application; x, interaction with.
Asterisks indicate significance at P<0.05 (*), P<0.01 (**) and P<0.001 probability levels.

	Table 19. Summary of main treatment effects on change in 0-6” soil pH from spring 2022 to fall 2022 at two MN locations from 2022. Effects are considered significant at P<0.10.

	
	
	Control
	AMS
	K-MST
	K2SO4
	Lime
	Statistical Analysis†

	Location
	Lime
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Band
	BCST
	Main
	S
	P
	SxP
	L
	SxL
	PxL
	SxPxL

	Rosemount
	No
	-0.18
	0.00
	-0.38
	0.08
	-0.15
	0.00
	0.02
	-0.02
	-0.08
	0.84
	0.85
	0.95
	0.24
	0.93
	*
	0.30

	
	Yes
	0.00
	-0.38
	0.02
	-0.35
	-0.18
	-0.33
	-0.15
	-0.10
	-0.18
	
	
	
	
	
	
	

	
	
	-0.14
	-0.16
	0.16
	-0.06
	
	
	
	
	
	
	
	

	Waseca
	No
	-0.13
	-0.03
	-0.02
	-0.15
	-0.05
	-0.08
	0.08
	-0.18
	-0.06
	0.96
	0.11
	0.20
	0.54
	0.96
	0.84
	0.93

	
	Yes
	-0.10
	-0.07
	-0.05
	-0.08
	-0.08
	-0.18
	0.02
	-0.15
	-0.09
	
	
	
	
	
	
	

	
	
	-0.08
	-0.08
	-0.09
	-0.06
	
	
	
	
	
	
	
	


†S, Source of sulfur; P, Band (Band) or broadcast (BCST) placement; L, pell lime application; x, interaction with.
Asterisks indicate significance at P<0.05 (*), P<0.01 (**) and P<0.001 probability levels.



