CAN SOIL HEALTH MEASUREMENTS HELP WITH SOIL FERTILITY DECISIONS IN SOUTH DAKOTA CORN?
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ABSTRACT

[bookmark: _Hlk85551949]	South Dakota (SD) fertilizer recommendations for major nutrients in corn were generated using soil fertility measurements and a yield goal. These recommendations have a critical value where increased application of a certain nutrient should no longer increase yield. Also, an increase in soil health understanding has created the possibility for soil health measurements to be used in the fertilizer recommendations along with soil fertility levels. The objectives of this study are 1) to determine if the critical values for phosphorus (P), potassium (K), and sulfur (S) need to be adjusted and 2) determine the effect of including soil health indicators on accuracy of yield response to fertilizer addition predictions. Locations were chosen throughout central and eastern SD that varied in tillage and crop rotation practices. Fertilizer addition treatments of 100 lbs. P2O5/ac, 100 lbs. K2O/ac, and 25 lbs. S/ac were compared to a control (no P, K, or S). Soil samples for fertility and health were obtained prior to planting and fertilization. For P, increasing the critical value from P 16 ppm to 24 ppm (Olsen) increased the accuracy of our current recommendations by 10%. Furthermore, by using arylsulfatase and soil pH, instead of Olsen P, the R2 value for the equation could be significantly increased (11.5%). For K, a decrease in the critical value from K 160 to 120 ppm significantly increased the accuracy of the recommendation (20%). By using soil test K and soil pH, the R2 also increased (11.6%). When examining S, there was no correlation between soil test S, and moving the critical value would not help improve the accuracy. Two variables were found, active carbon (POXC) and the soil test K, which significantly raised the R2 value for the equation (9.3%). More years/locations of data will be added and analyzed as this study continues.

INTRODUCTION

	Corn (Zea mays) is one of the most widely grown crops in SD. It has been said that 1 out of every 3 dollars generated by SD agricultural production starts in a corn field, bringing in nearly 3 billion dollars in 2020 (USDA, 2020). Yields of SD corn fields have been steadily increasing from averaging below 100 bu/ac in the 1990’s to a SD record average of 162 bu/ac in 2020. (USDA, 2020). To supplement this drastic increase in yield, SD farmers have been applying fertilizers in increasing amounts per acre. In 2017, SD farmers surveyed showed the highest P and K rates in the state’s history, as well as being applied on the highest percentage of corn acres (USDA, 2017). This is logical because the SD fertilizer recommendations for major crop nutrients include soil test levels and a yield goal. If the yield goal has increased drastically from what it was 20 years ago, the amount of fertilizer needed will increase as well. 
	The South Dakota Fertilizer Recommendation Guide (EC-750) is routinely revised, but the actual fertilizer recommendations and equations have not been changed in over a decade. In that time, seed, fertilizer, and land prices have all increased, and weather patterns across SD have brought increases in rainfall. Examination of the critical values, or the soil test level where more application of that nutrient should no longer result in yield responses, is the first step in deciding if the fertilizer recommendations need to be adjusted.
	Along with other agricultural changes, the emerging understanding of the importance of soil health has resulted in the adoption of conservation management practices including reduced tillage, organic matter amendments, and cover crops. Many studies have been conducted that looked into the benefits of increasing certain soil health measurements. Management practices such as no-till and cover-cropping have led to dramatic increases in soil health parameters and increases in yields (Chahal et al, 2021) One goal of improving soil health is to reduce fertilizer applications. Studies have found that nitrogen applications can correlate well with soil health metrics and have the possibility of reducing nitrogen rates (Yost et al., 2018). Other studies have been conducted that indicate increases in organic matter can reduce the loss of nitrogen to the atmosphere (Chaterjee and Clay, 2016). While a nitrogen and soil health interaction has been explored, P, K, and S has not been extensively evaluated.
	The objectives of this project were 1) to determine if the critical values for P, K, and S need to be adjusted and 2) determine the effect of including soil health indicators on accuracy of yield response to fertilizer addition predictions. Through this study, we aim to find a correlation between soil health measurements and yield responses that can be useful in improving fertilizer recommendations.

MATERIALS AND METHODS

	From 2019-2021, 28 locations across central and eastern SD were chosen that included different soil types, topography, crop rotations, and management practices. Each location had 4 replications of a control plot with no P, K, or S applied and 3 treatments that included 100 lbs. P2O5/acre, 100 lbs. K2O/acre, or 25 lbs. S/acre. All plots were fertilized with the same nitrogen rate as the rest of the field. Fertilizer sources included urea (46-0-0) for N, triple super phosphate (0-46-0) for P, potassium chloride (0-0-60) for K, and ammonium sulfate (21-0-0-24) for S. Soil health and fertility preplant soil samples were taken at 0-6” depths. A 0-36” preplant soil sample was also taken for soil characterization purposes. Soil health measurements included the enzymes beta-glucosidase, acid-phosphatase, and arylsulfatase, as well as soil respiration (Zibilske, 1994), active carbon (Weil et al., 2003), total protein (Wright and Upadhyaya, 1998), and combustible C and N. Whole plant tissue samples were also taken at the V6 corn development stage and a grain sample was taken at harvest for nutrient analysis. Plots were harvested by hand or with a plot combine, and yields were adjusted to 15.5% moisture. 

RESULTS AND DISCUSSION

Phosphorus
	Across all plots fertilized with P, plants had 16% more dry mass than control plots. Corn V6 tissue analysis showed a 28% increase in P uptake as well as a 24% and 26% increase in uptake of K and S, respectively. Grain P content averaged 11% more than the control plots. Yield was raised an average of 6.5% across all sites, about 10 bu/ac, especially on soils that had higher clay contents. On clay soil types, yields were raised 10% while it was lowered 3% on loam soils. Corn V6 P content generally increased on coarser textured soils and grain P content did not differentiate based on soil type. 
	Our current P recommendations were compared to yield responses (Figure 1). The data points ranged from less than Olsen P of 5 ppm to approximately 70 ppm. Yield responses ranged from 50% losses to 50% gains.
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	Response
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	0.54
	0.04

	No Response
	0.32
	0.1













Figure 1. Corn yield response with added P fertilizer as a function of soil test P levels (Olsen-P). A yield response of 1 means the treatment plot yielded the same as the control plot. A vertical line represents the current critical value (Olsen P 16 ppm). The horizontal line represents the theoretical ideal regression line where yield responses should no longer be seen past the critical value. The yield response is considered a “response” in the tables when it is at least 5% higher than the control plot (a yield response ratio of ≥1.05).

	The current recommendations are considered “correct” when Olsen P is below the critical value and yield was raised with a P application or if yield did not increase when Olsen P was above the critical value. The current critical value of 16 ppm was right 54% of the time. By increasing the critical value to Olsen P 24 ppm, the current recommendation increased to being right 64% of the time. 



Potassium
	In the K fertilized plots, V6 dry mass decreased by 3% from the control plot but K uptake increased by 15%. Both P and S uptake also slightly increased by 5% and 8%, respectively. Grain K content averaged 5% higher while P and S remained roughly the same as the control. Across all sites, yield was lowered 3% with a K application, possibly due to 60% of sites already being sufficient in K. 
	For soil types, the only texture that significantly raised yield was sandy clay loam, but this soil type was only present at one site. Silt loam soils also showed a slight increase in yield when they were deficient in K. The V6 K content generally increased with K application on coarser textured soils with insufficient K in the soil. Grain K content was not significantly different among soil types.
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Figure 2. Corn yield response with added K fertilizer as a function of soil test K levels. The vertical line represents the current critical value (K 160 ppm), and the horizontal line is the theoretical ideal regression line.

	Lowering the current K critical value from 160 ppm to 120 ppm would increase the accuracy of the recommendations from 46% to 66% (Figure 2). Since only 12% of sites would be considered insufficient at a critical value of 120 ppm, more testing needs to be done on K-deficient sites to see how they react to K applications.

Sulfur
	Plots fertilized with S had 9% higher V6 dry plant weight and S uptake increased by 26%. Both P and K content slightly increased by 3% and 7%, respectively. Grain S content increased by 11%, but both P and K remained the same as the control. Across all sites, yield was decreased 1% even though all sites showed deficient S in the soil. 
	All soil types showed deficient S levels (<40 ppm), with the highest being loam at 11 ppm average soil test S. Soil type played no factor in yield although coarser textured soils resulted in increased uptake of S at V6. Grain S content was affected by soil type as fine-textured soils, with the exception of clay, resulted in higher S grain content.


Figure 3. Corn yield response with added S fertilizer as a function of soil test S levels.The horizontal line represents the theoretical ideal regression line if a critical value of 40 was used.

	The critical value for S is 40 ppm in SD, but it uses a 0-24” soil test instead of the 0-6” test used to stay consistent with other states involved in this study. Studies have shown a majority of plant usable sulfate-S (SO42-) is present near the soil surface (Tabatabai and Bremner, 1972). Therefore, the SD critical value cannot be applied to this data set. This data does however show that little correlation exists between the 0-6” soil test S and yield responses (Figure 3).

Soil Health Variables
	When looking to add variables to the soil health equations, the most important factors we considered were to 1) improve the R2 value and 2) resulted in a regression line where a plateau or joint point could be calculated to determine a critical value. Variables were tested using stepwise comparisons from a list of many physical, chemical, and biological soil factors. The variables selected had a relatively higher R2 value and a low number of variables.

Table 1. Current recommendations compared to a combination of new variables. The R2 and the possibility for critical values are shown for each group of variables 
	Variable Comparisons

	Nutrient of Interest
	Variables Used
	R2 Value
	Slope sufficient for critical value

	Current P Variable
	Olsen P ppm
	0.005
	Yes

	Best P Variables
	Soil pH, Arylsulfatase
	0.120
	No

	Current K Variable
	Soil K ppm
	0.003
	Yes

	Best K Variables
	Soil K, Soil pH
	0.012
	Yes

	Current S Variable
	Soil S ppm
	<0.01
	No

	Best S Variables
	Soil K, Active Carbon
	0.094
	Yes



	For P, using a combination of arylsulfatase and pH increased the R2 from 0.005 to 0.120 but lost the possibility to add a critical value due to the regression line being nearly horizontal (Table 1). For K, a combination of soil K and soil pH slightly raised the R2 (9%) and retained the possibility of adding a critical value. For S, a grouping of soil K and active carbon dramatically increased the R2 (9.3%) while also adding the possibility of adding critical value.
	All variables were only tested using linear models, and interaction tests were not completed for this paper. These models should not be used as a replacement for current recommendations, but they can show that soil health variables have the potential to improve the predictability of corn yield responses to added P, K, and S fertilizers.

CONCLUSIONS

	This study has shown the value of adding P fertilizer in SD soils and shown inconclusive results for adding K and S. It has also shown the possibility for changes to the critical values for P from Olsen P 16 ppm to 24 ppm and has also shown the potential for K critical values to be adjusted if more K-deficient sites are studied. Secondly, soil health variables show the potential to improve predictions of yield response compared to only using soil test levels. More variables will be tested in the future as this is an ongoing study. All results of this study are preliminary, and more testing and statistics need to be run before final conclusions can be made.
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