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ABSTRACT

[bookmark: _Hlk53421924][bookmark: _Hlk53422099][bookmark: _Hlk53425784][bookmark: _Hlk53426813]Corn (Zea mays L.) yield response, as well as nitrogen uptake and nitrogen use efficiency, can be affected by multiple factors, including the supply of other nutrients such as sulfur. The objective of this study was to evaluate the effect of nitrogen with added sulfur fertilizer on corn response parameters i) whole plant nitrogen uptake, ii) yield, and iii) nitrogen use efficiency when compared to nitrogen alone. Nitrogen use efficiencies evaluated in this study included i) apparent recovery efficiency, ii) partial factor productivity, iii) partial nutrient balance, iv) agronomic efficiency, and v) internal efficiency.  The treatments included i) a control with no sulfur and no nitrogen, ii) Urea Ammonium Nitrate (180 lbs. N acre-1; 0 lbs. S acre-1), and iii) Urea Ammonium Nitrate plus Ammonium Thiosulfate (15 lbs. S acre-1). Both the Urea Ammonium Nitrate and Urea Ammonium Nitrate plus Ammonium Thiosulfate were balanced to 180 lbs. N acre-1. In 2019, these three fertilizer treatments were evaluated at two locations in Kansas (Kansas River Valley Experiment Field and the North Central Kansas Experiment Field near Rossville and Scandia, respectively).  Grain yield, moisture, and test weight were gathered from both locations, and grain yield was corrected to 15.5% moisture. Whole plant biomass samples were gathered, weighed, dried, and then reweighed to attain dry matter content. Dried whole-plant biomass samples and grain samples were individually ground to pass through a 0.08 inch sieve, and then a sulfuric and hydrogen peroxide digest was used to attain nitrogen content. Sulfur measurements were taken using a nitric perchloric digest. Although not significant, preliminary results show an increase in whole plant nitrogen uptake with the nitrogen plus sulfur application over the nitrogen application alone. Yield trended upward with the application of nitrogen plus sulfur fertilization over nitrogen alone.  Nitrogen use efficiency exhibited increasing trends between nitrogen and nitrogen plus sulfur applications complimenting whole-plant nitrogen uptake and an increase in yield.  



INTRODUCTION

[bookmark: _Hlk53471101]Corn is one of the most important crops in Kansas. Nitrogen and sulfur are two key nutrients for corn, and understanding the dynamics between these two nutrients is imperative for optimizing production in Kansas.  Lately, there has been more emphasis on sulfur deficiency.  Increased crop removal due to higher yields, and decreased atmospheric deposition have increased the probability of sulfur deficiency (Camberato and Casteel, 2017).  And due to these deficiencies, making sulfur amendments to the soil have received much attention. Moreover, there is further interest in understanding how nitrogen, with a supply of sulfur, impacts yield, nitrogen use efficiencies, and the uptake of nitrogen of the plant.  The objective of this study was to evaluate corn yield and nitrogen use efficiency values with the application of sulfur.


MATERIALS AND METHODS

[bookmark: _Hlk53427153]This study was completed in 2019 at the Kansas River Valley Experiment Field and the North Central Kansas Experiment Field near Rossville and Scandia, respectively.  Prefertilization soil samples were collected at 0-6” and 0-24” and analyzed for various soil parameters (Table 1). The experimental design was a randomized complete block with four replications.  Three treatments were evaluated, including a control (No N/ No S), Urea Ammonium Nitrate (180 lbs. N acre-1; 0 lbs. S acre-1), and Urea Ammonium Nitrate plus Ammonium Thiosulfate (15 lbs. S acre-1).  Both the Urea Ammonium Nitrate and Urea Ammonium Nitrate plus Ammonium Thiosulfate were balanced to a nitrogen rate of 180 lbs. N acre-1.  The Kansas River Valley Experiment Field utilized linear irrigation for 6 individual applications of 0.8”per application for a precipitation total of 37.33” for the growing season. The North Central Kansas Experiment Field had three individual irrigation applications of 1.25” per application for a precipitation total of 26.17” for the growing season.  Six corn plants (three from each guard row), as well as grain samples from the ears, were gathered from each plot at physiological maturity.  The plant samples were used to attain whole plant biomass.  Whole plant samples were weighed and dried at 140°F and then reweighed to attain dry matter content.  Grain samples and dried whole plant biomass samples were ground to pass through a 0.08 inch sieve.  Dry combustion was used to attain nitrogen content while sulfur content was analyzed by the nitric perchloric digest.  Grain yield, moisture, and test weight were gathered at harvest from both locations, and grain yield was corrected to 15.5% moisture. After corn harvest, soil samples (4 cores per plot at a depth of 0-24” per core) were collected and dried in an oven at 104°F and ground to pass through a 0.08 inch sieve.  Nitrate and ammonium were measured using the KCl extraction and sulfur was measured by a monocalcium phosphate extraction.  All statistical analyses were completed in SAS using the generalized linear mixed model (GLIMMIX) procedure for the analysis of variance (ANOVA).


	Table 1. Selected soil test parameters for the 0-6 and 0-24 inch soil depths.

	Location
	0-6"
	0-24"

	
	texture
	OM
	NO3
	NH4
	S

	
	
	%
	     –––––––– ppm ––––––––

	Rossville
	sandy loam
	1.50
	7.1
	2.1
	1.3

	Scandia
	silt loam
	3.38
	6.0
	4.0
	6.2




RESULTS AND DISCUSSION

Initial results show an average corn yield increased with UAN and UAN plus ATS compared to the control but no statistically significant differences between nitrogen and nitrogen plus sulfur treatments at either location (Figure 1). This differs from the findings by Steinke et al., (2015) who reported significant yield increases from sulfur applications at 50 and 100 lbs N ac-1 in their study. However, Sawyer et al., (2011) noted that although sulfur fertilization is needed in many fields, corn may not always be responsive to S applications in all fields.  The yield response in our study suggests that nitrogen was likely the most limiting nutrient for corn production at both Scandia and Rossville locations.  The average whole plant nitrogen uptake was significantly increased with UAN and UAN plus ATS across both locations compared to the control (Figure 2).   Corn treated wth UAN plus ATS showed only a marginal increase over the UAN treatment.  Although not statistically significant, multiple nitrogen use efficiency indicators showed average trends for increased values when S (as ATS) was added to UAN.  Nitrogen partial factor productivity, partial nutrient balance, and apparent recovery efficiency were increased marginally with UAN plus ATS compared to UAN alone.  The changes in these nitrogen use efficiency indicators are similar to the findings of Ahmad et al., (2016) who found that nitrogen use efficiency was highly affected by sulfur application in their study. Nitrogen internal efficiency was slightly decreased with UAN plus ATS compared to UAN alone based on differences in  corn yield and nitrogen uptake response.  Smaller responses in both yield and whole plant nitrogen uptake among fertilizer treatments at the Scandia location compared to the Rossville location (Figure 1 and Figure 2), likely resulted from higher levels of  organic matter, ammonium, and sulfate levels measured prior to fertilization (Table 1).













	Table 2. Nitrogen use efficiency indices with and without added sulfur (as ammonium thiosulfate) across two location in Kansas.

	Location
	Treatment
	PFP
	AE
	PNB
	ARE
	IE

	
	
	– lb grain/lb N app. –
	– lb N up. /lb N app.–
	– lb grain/ lb N up.–

	Rossville
	UAN
	63.8
	a
	36.9
	a
	0.65
	a
	0.56
	a
	78.8
	a

	
	UAN + ATS
	64.9
	a
	38.6
	a
	0.70
	a
	0.63
	a
	76.8
	a

	Scandia
	UAN
	51.5
	a
	4.48
	a
	0.53
	a
	0.11
	a
	67.0
	a

	
	UAN + ATS
	53.8
	a
	6.72
	a
	0.55
	a
	0.18
	a
	64.8
	a

	Across locations
	UAN
	57.7
	a
	20.7
	a
	0.59
	a
	0.33
	a
	72.9
	a

	
	UAN + ATS
	59.4
	a
	22.4
	a
	0.63
	a
	0.40
	a
	70.8
	a

	PFP, partial factor productivity; AE, agronomic efficiency; PNB, partial nutrient balance; ARE, apparent recovery efficiency; and IE, internal efficiency.
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  Figure 1: Corn yield response to applied N and S
  fertilizers across two locations in Kansas.


[image: ]
                                 Figure 2: Plant N uptake response to applied N and S  
                                 Fertilizers across two locations in Kansas


SUMMARY

[bookmark: _Hlk30435367]	No significant response of yield, whole-plant nitrogen uptake, or nutrient use efficiency indicators were attributed to the addition of sulfur to the nitrogen applications.  Yield and whole plant nitrogen uptake were significantly affected by the application of nitrogen over the control treatment.  Further data analysis will continue to be done as we evaluate data from the 2020 crop year.
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