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ABSTRACT
Eastern South Dakota has seen an increase in soil potassium (K) deficiencies. To correct those deficiencies and avoid yield reductions, corn producers rely on accurate K fertilizer recommendations (KFRs). Among the various parameters used to estimate a KFR, clay mineralogy has significant potential to increase KFR accuracy. The study has two objectives: first, to determine the relationships among clay mineralogy, K uptake by corn, and KFRs, and second, to calibrate KFRs in South Dakota to incorporate clay mineralogy as a variable. In 2020, corn was planted at 6 sites across central and eastern South Dakota. Each site contained 4 blocks, and each block received 6 treatments of potash fertilizer (0-0-60). Preplant soil samples were taken at depths of 0-6 and 6-12 in. Harvested grain was shelled and weighed to determine yield. Preliminary results from the preplant soil sampling indicated higher soil test K (STK) and lower smectite:illite (S:I) in central South Dakota. A correlation analysis indicated that there is a moderate, negative relationship between STK and S:I, supporting the theory that soils containing predominately smectite clays will have less exchangeable potassium. An Analysis of Variance found no significant differences between corn yields and KFRs, which can be attributed to the very high STK levels present (>200 ppm at the 0-6 in. depth). In 2021, 9 field trials have been established throughout eastern South Dakota to continue this research.

INTRODUCTION
	Corn yield is optimized when there is a sufficient amount of K (>160 ppm) in the soil solution. Historically, South Dakota soils have supplied ample K to cropping systems. However, in eastern South Dakota, where a majority of the state’s corn production occurs, intensive corn-soybean crop rotations have begun to deplete exchangeable-K reserves, as 1 bu. of soybeans removes approximately 1.3 lbs. of K2O (Clay, D.E. and Clay, D.W., 2016). As a result, an increase in STK deficiencies has been reported by Agvise Laboratories (Northwood, ND). 
	Correction of K deficiencies in soil is often accomplished using K fertilizers. Application rates are determined by a number of parameters, which may vary throughout different regions in the Corn Belt. Nearly all KFRs incorporate corn yield potential and STK, though other recommendations may include soil parameters such as removal rates, cation exchange capacity, critical levels, and/or dry vs. field moist STK (Culman et. al., 2020; Mallarino et. al., 2013) In South Dakota, current KFRs are calculated using STK values and yield goals, and there is a 60 lb. ac.-1 minimum when K is recommended (Gerwig et. al., 2019). Furthermore, these guidelines categorize STK levels from 0-160 ppm, with a “very low” STK between 0 and 40 ppm and a “very high” STK above 160 ppm. Above 160 ppm K, there is deemed to be enough K to adequately meet demands for optimal corn yield. Subsequently, there is little (<20%) probability of observing a yield response when STK exceeds 160 ppm. 
	Predicting corn yield increases from K fertilizer applications can be difficult due to the multiple factors that influence crop responses. Poor aeration, either by excessive soil moisture or compaction, restricts corn roots from growing and subsequently taking up K+ ions (Hanway, 1962). K uptake can also be restricted when soil moisture and temperatures are low, and where there is a high concentration of other cations (Hanway, 1962). It is for these reasons why adverse soil and weather conditions can induce K deficiencies in corn, even when there is adequate K in the soil. Therefore, it is essential that fertilizer recommendations today not only address the direct nutritional needs of corn, but also the potential issues with K assimilation by corn. 
Improving the accuracy of KFRs is essential not only to optimize corn yield, but also to ensure that overapplication does not occur, thus limiting unnecessary costs. However, there are multiple factors that can influence the optimal amount of K fertilizer needed. One particular topic of interest is clay mineralogy, which has been found to be successful in the calibration of KFRs in North Dakota. Breker et. al. (2019) used a cluster analysis to partition field trials in North Dakota based upon the respective portion of smectite clays, relative to illite clays. They discovered that the K critical level was higher for fields with a S:I ratio greater than 3.5. Conversely, fields with a ratio less than 3.5 had a lower K critical level. These findings are consistent with the fact that smectite clays are highly charged and hold onto K+ ions more tightly compared to illite clays. Therefore, the relative amounts of smectite and illite clays in different soil types may influence the optimum amount of K that should be applied for corn. 
Provided the success of incorporating clay mineralogy into K fertilizer rate calibration by researchers in the Northern Great Plains, we propose a similar study that will be used to benefit corn producers in the state of South Dakota. The first objective is to determine preliminary relationships among soil clay mineralogy, K uptake by corn, and K fertilizer requirements. The second objective is to then calibrate and adjust our current K fertilizer recommendations in South Dakota to include clay mineralogy as a variable. The goal of this research project is to provide meaningful and interpretive data for South Dakota corn producers to make profitable fertilizer decisions. 

MATERIALS AND METHODS
	The project began in 2020 and is expected to continue into the 2022 growing season. In the first 2 years of this study, trials were successfully established at 15 sites across central and eastern South Dakota, 3 of which were located at research farms comprising the South Dakota Agricultural Experiment Station. The experimental design used is a randomized complete block design with 4 blocks. At each site, there were 6 plots in each block containing a unique rate of fertilizer: 0, 30, 60, 90, 120, and 150 lbs. K2O ac.-1. Treatment fertilizer was broadcast applied by hand as muriate of potash (0-0-60). Seeding rates, corn hybrids, tillage operations, pest control, row width, cover crops, and amendments were selected by the individual producer. Additional fertilizers were applied to the research area to ensure that non-nutrients of interests were not limiting. Nitrogen, phosphorus, and sulfur fertilizers were broadcast applied following current South Dakota fertilizer guidelines (Gerwig et. al., 2019).
Soil samples were collected at depths of 0-6 and 6-12 in. during the 2020 growing season, and 0-6, 6-12, and 12-24 in. during the 2021 growing season. A soil sample was collected for each of these depths from each of the 4 blocks. Additionally, a single 0-6 in. composite sample was collected from the research area at each field trial. A portion of each 0-6 in. sample was sent to Activation Laboratories Ltd. (Ancaster, Ontario, Canada), where they were analyzed for mineral identification and clay speciation using the Rietveld method. The mineral identification provides a semi-quantitative, relative abundance of smectite, illite, and kaolinite content. All other soil samples were sent to Ward Laboratories (Kearney, NE) for soil fertility and health analysis. 
Plant samples were collected during the 2021 growing season only. At V6, 6 corn plants from outside of the harvest area are randomly selected and cut approximately 1-2 in. above the soil surface. After being dried in a forced air oven at 140°F for 2 days, samples are ground using a Wiley mill, passed through a 2 mm sieve, and sent to Agvise Laboratories (Northwood, ND and Benson, MN) for analysis. 
At physiological maturity, the center 2 rows of each plot were harvested either by hand (100 ft2) or with a plot combine (entire length of plot). Yield, moisture, and test weight were calculated for every plot. Additionally, a subsample of grain was taken in every plot, which was dried, ground, and sent to Agvise Laboratories for analysis. 
Data analysis was conducted using R, R-Studio, Excel, and JMP. ANOVA was used to find any statistically significant treatment means at the 0.05 significance level. Major emphasis was put on analyzing the effects that various K fertilizer rates and blocking have on corn yield, as well as proper calibration of K fertilizers depending on the relative amounts of smectite and illite clays. Further analysis of the aforementioned topics will be conducted once all results become available to us. 

RESULTS AND DISCUSSION
	For the first 2 years of this study, field trials were very unique in terms of clay content, STK, soil properties, cropping system, tillage, and management styles (Table 1). A two-way ANOVA (α=0.05) for all sites found corn yield to be significantly different between sites, but not between KFRs (Table 2). As mentioned, the uniqueness of each field trial resulted in corn yields to be significantly different at all sites. However, KFRs did not cause corn yields to be significantly different, which can be attributed to the very high STK levels present (>160 ppm at 13 of our 15 sites). This is consistent with current guidelines for South Dakota, which state that the probability of a yield response when STK exceeds 160 ppm is less than 20%. There were a few sites that displayed a slight yield response to applied K fertilizer (Figure 1). However, yield response curves began to plateau between 60 and 90 lbs. K2O ac.-1, suggesting that it would not be feasible to apply K fertilizers beyond that point. 

Table 1: Agronomic data for all field trials during the 2020-2021 growing seasons. 
	
	
	Soil Test Parameter†
	
	
	

	Site
	Year
	K
	Smectite
	Illite
	S:I
	Texture‡
	Previous Crop
	Tillage§

	Clay 
	2020
	202
	36.3
	52.0
	0.74
	SiL
	Soybean
	NT

	Kingsbury
	2020
	322
	77.5
	16.3
	5.14
	SiCL
	Soybean
	NT

	McCook
	2020
	200
	76.3
	18.3
	7.18
	CL
	Soybean
	RT

	Potter
	2020
	501
	41.8
	48.0
	0.92
	SiL
	Wheat
	NT

	Tripp N
	2020
	634
	55.3
	34.3
	1.66
	SiC
	Wheat
	NT

	Tripp S
	2020
	735
	48.5
	39.3
	1.30
	SiC
	Wheat
	NT

	Brookings
	2021
	327
	-††
	-
	-
	SiCL
	Soybean
	CT

	Codington
	2021
	155
	-
	-
	-
	SiCL
	Soybean
	CT

	Hutchinson
	2021
	132
	-
	-
	-
	L
	Soybean
	NT

	Lincoln
	2021
	436
	-
	-
	-
	SiCL
	Soybean
	RT

	Minnehaha E
	2021
	170
	-
	-
	-
	SiCL
	Corn
	CT

	Minnehaha W
	2021
	161
	-
	-
	-
	SaL
	Corn
	CT

	Roberts
	2021
	287
	-
	-
	-
	SaL
	Soybean
	VT

	Turner
	2021
	143
	-
	-
	-
	SiCL
	Soybean
	RT

	Yankton
	2021
	241
	-
	-
	-
	L
	Wheat
	NT


†K, potassium, ammonium acetate extractable-K, ppm, composite, 0-6 in. depth; Smec., smectite, <2 µm fraction, mean of 4 replications, 0-6 in. depth; Ill., illite, <2 µm fraction, 0-6 in. depth; S:I, smectite:illite ratio. 
‡SiL, silt loam; SiCL, silty clay loam; CL, clay loam; SiC, silty clay; L, loam; SaL, sandy loam. 
§NT, no tillage; RT, reduced tillage; CT, conventional tillage; VT, vertical tillage. 
†† Results pending.

Table 2: Overall two-way ANOVA for all sites during the 2020-2021 growing seasons.
	
	Statistical Parameter†

	Source of Variation
	SS
	df
	MS
	F
	P-value

	Site
	9.52E+08
	10
	95243694
	170.092
	0.00

	KFR‡
	1028046
	5
	205609.1
	0.36719
	0.87

	Site x KFR
	34566718
	50
	691334.4
	1.23463
	0.16

	Error
	1.11E+08
	198
	559952.7
	
	

	
	
	
	
	
	

	Total
	1.1E+09
	263
	
	
	


†SS, sum of squares; df, degrees of freedom; MS, mean square; F, F statistic; P-value, α = 0.05. 
‡KFR, potassium fertilizer rate. 

	The 2021 growing season was characterized by drought conditions throughout the Northern Great Plains, including South Dakota. Lack of soil moisture greatly limits K movement in the soil, as K moves primarily via diffusive properties Furthermore, clay mineral type also influences how K moves throughout the soil. Of the 3 dominant clay types in South Dakota soils (kaolinite, illite, and smectite), smectite is the only one that exhibits shrink/swell properties. In a dry year, smectites in the soil will shrink and collapse due to lack of soil moisture. When they collapse, interlayer K+ ions are trapped between clay layers, and thus are unavailable for plant uptake. Therefore, K uptake by corn will be more difficult in a dry year, especially if the soil has a higher amount of smectite clays, relative to illite clays. In 2021, we observed several sites that exhibited K deficiencies, regardless of STK or K fertilizer treatment. For example, in July of 2021, during the peak of the drought, we observed K deficiencies in V14 corn in every plot of the Brookings site. However, Table 1 shows a 0-6 in. composite STK value of 327 ppm, more than twice the amount of K deemed “very high” by current South Dakota guidelines. We hypothesize that the dry weather experienced in 2021 limited K uptake by corn, regardless of how much STK was present in the soil. The influence of clay mineralogy [image: ]will be included once all data for 2021 becomes available. 
Figure 1: Yield response curve for the field trial in Turner County, SD during the 2021 growing season. The STK value for this site was 143 ppm, and corn yield increased with additional K fertilizer, up to 60 lbs. ac.-1 K2O, before plateauing.  

	The first 2 years of this study provided data that verifies our current guidelines. When STK values exceed 160 ppm, there is a small probability of observing a corn yield response to applied K fertilizer. The ANOVA found no significant differences in corn yield when varying the rate of KFRs. Despite the high STK levels present in many of our field trials, there were still K deficiencies observed, which we hypothesize were stimulated by the dry weather in 2021. When clay mineralogy data becomes available to us, we plan to correlate the data to examine how different clay minerals in soil may influence the amount of K available for uptake, thus influencing the proper KFR needed. This study will continue for the 2022 growing season. Our goal is to collect more data and better understand how clay minerals influence the optimum amount of K needed for corn production in South Dakota. 
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