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ABSTRACT
Increased adoption of conservation tillage systems and alternative potassium (K) sources (e.g., Aspire™, 0-0-58(K2O)-0.5(B)) has prompted new questions about optimal K fertilization practices in maize. The primary goal of this study was to address farmer questions related to strip-till timing, banding Aspire™ with strip-till versus other tillage/placements (e.g., broadcast in no-till (NT) and fall chisel (FC)), and whether reduced K fertilizer rates can maintain maize yields when banding Aspire™ in the strip. Three rates of Aspire™ (0, 58, 116 lbs K2O acre-1) were banded in both strip-till timings, while just the zero and high rate were applied in the NT and FC systems. Both fall strip-till (FST) and spring strip-till (SST) timings were employed, and strip-till timings significantly impacted early-season growth, but the timing of strip-till had little influence on K and B nutrient concentrations. In general, incorporation of Aspire™ with strip-till (either timing) or FC resulted in early plant nutrition advantages (e.g., higher K concentrations at V6). At R1, earleaf sampling indicated differences due to tillage system or strip-till timing were infrequent for plant K and B nutrition. The application of Aspire™ commonly raised K and B concentrations significantly after Aspire™ at both the 58 lb and 116 lb K2O acre-1 rates and frequently raised the R1 concentrations of K and B above critical levels for our tri-state region. Grain yield differences due to strip-till timing were only significant in 1 of 5 site-years. Aspire™ application at 116 lbs K2O acre- 1 raised grain yields (averaged across all tillage systems) 8 bu acre-1 in the first year fields and an average of 18 bu acre-1 in second year fields. However, the co-application of K plus B in this study raises uncertainty whether the grain yield increase was due to an individual nutrient or their combination.  From the data collected, strip-till timing had little influence past V6 suggesting farmers have the flexibility to conduct strip-till in either fall or spring when soil conditions are optimum. The 50% reduction in Aspire™ fertilizer rates when utilizing strip-till lowered early season concentrations at V6 but did not negatively affect grain yield in the short term. However, longer-term research is necessary to better understand how reduced K rates can impact continuous strip-till production systems.

MATERIALS & METHODS
A five site-year field-scale experiment following a corn-soybean rotation was conducted at the Agronomy Center for Research and Education (ACRE Farm) near West Lafayette, IN, alternating between two fields from 2016 to 2019 and was conducted for a single year (2019) at the Pinney Purdue Agriculture Center (PPAC Farm) near Wanatah, IN. Two of the fields (ACRE Farm locations) had the study repeated following the soybean year with the treatment positions fixed for data collection during corn years. In total, ten treatments were investigated each year in a randomized complete block design; however, to allow for mean comparisons, only subsets of treatments are compared within this report. The conservation tillage systems used for this experiment included fall chisel plow (FC, with spring field cultivating), colter-driven strip-till (with separate treatments in fall (FST) and spring (SST)), and no-till (NT). The alternative K fertilizer source was Aspire™ (0-0-58(K2O)-0.5(B)); it was applied in all tillage systems at rates of 0 and 116 lbs K2O acre-1, with an intermediate rate of 58 lbs K2O acre-1 used only in strip-till treatments. Treatments were only imposed before corn in a corn-soybean (Glycine max L.) rotation; responses were observed for both first- and second-year corn at ACRE and only for the first-year corn at PPAC. This report will focus on the impact of Aspire™ on soil and plant K nutrient dynamics. We acknowledge the B included in Aspire™ may have influenced some plant responses to fertilizer application.  However, with the design of this experiment, the influence of K versus B or their interactive effect can’t be determined. 

RESULTS AND DISCUSSION
Does timing matter for strip-till?
The timing of strip-till is an essential consideration for all farmers. Wet soil conditions during strip-till will lead to clods, causing poor seed to soil contact and smearing of sidewalls limiting root growth (Demander et al., 2013). Wet soil conditions are commonly prevalent in the spring, leading North Dakota specialists to advise FST except for cases of coarse-textured soils with low organic matter when SST is recommended (Nowatzki et al., 2017). Although FST is often ideal, weather conditions and labor force at harvest may not allow farmers to perform all or any strip-till in the fall. Variation in the seedbed structure is expected when comparing fall tillage (conservation or conventional) to spring due to wetting/drying and freezing/thawing (some refer to this as ‘mellowing’). Soil clod size may be larger than ideal with SST, thus limiting ideal seed-to-soil contact, leading to reduced stand. Few studies have looked at how differences in strip-till timing affect crop growth and development. Initial soil samples were taken shortly after planting each year in the Purdue University trials. Figure 1 shows the distribution of plant-available K within each year (in blue) and the critical level (red) based on the average CEC for the area currently recommended in the Tri-State Fertilizer Recommendations (Vitosh et al., 1995). All of the locations were close to meeting the recommended critical level based on the CEC. However, a majority of the study locations had portions of the field area that were considered insufficient (error bars show the maximum and minimum plant-available K within a relatively small area (experiment size ranged from 3 to 5 acres per site)).1
2
Figure 1. Distribution of plant available K (ppm) to a depth of 8 inches for each Farm.Year. The blue bars indicate the minimum and maximum within each Farm.Year, with the middle point representing the mean. Using the average CEC for the control plots, critical values were calculated using the Tri-State Fertilizer Recommendation Guide (red line). 
Figure 2. V6 above-ground biomass produced for each Farm.Year. The height of each bar is the average biomass produced for the 0, 58, and 116 lbs K2O acre-1 rates for each strip-till timing. The black bars represent the standard deviation for the specific strip-till timing. Letters wihtin the bars indicate a significant difference between FST and SST at p<0.05 within a Farm.Year. 
Figure 3. R1 earleaf K concentration for each Farm.Year. The height of each bar is the average concentration for the 0, 58, and 116 lbs K2O acre-1 rates for each strip-till timing. The red line represents the critical K concentration recommended at R1 by the Tri State Fertilizer Recommendation (1.9%). The black bars indicate the standard deviation for the strip-till timing. Letters within the bars indicate a significant difference between FST and SST at p<0.05 within a Farm.Year.
Figure 4. Grain yield for each Farm.Year at a moisture level of 15.5%. The height of each bar is the average grain yield for the 0, 58, and 116 lbs K2O acre-1 for each strip-till timing. The black bars indicate the standard deviation for each strip-till timing. Letters within the bars indicate a significant difference between FST and SST at p<0.05 within a Farm.Year.
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Early season whole-plant tissue samples were gathered at V6 to evaluate any early-season differences among the treatments. Results indicated the concentration of K at this early growth stage was similar for all years between the two timings (data not shown), but the FST treatment frequently had accumulated more biomass compared to the spring timing (Figure 2). Earleaf K concentrations at R1 had little change with strip-till timing across sites (Figure 3), but earleaf K concentrations increased with Aspire™ application (data not shown). Grain yield showed little variability between FST and SST (Figure 4). A significant difference was detected in 2016; however, the difference between the means of FST and SST was only ~7 bu acre-1. 
With little difference among strip-till timings both in-season and at harvest, there was no apparent advantage to one timing over another when the planting dates were the same. However, it is well known that a potential benefit with FST is that it enables earlier planting in spring on finer-textured soils. Photo 1. Excessive moisture conditions not ideal for performing tillage. 

An important consideration from this Purdue research (and other strip-till timing studies) is that tillage was performed in optimal conditions. Because optimal conditions were achieved in both the fall and spring, there were no plant population differences and only small growth differences due to strip-till timing. Whenever performing strip-till, it is essential to consider the soil condition (i.e., moisture, residue, topography, etc.). The soil surface may seem as though the soil was at the ideal moisture for tillage, but when digging down several inches, the soil can quickly became too moist for tillage (Photo 1). If conditions are not conducive for effective strip-till, farmers could potentially be causing damage that could limit future corn growth and development. 

Is there an advantage to banding/shallow incorporation of K with strip-till?
Past researchers have suggested a potential advantage to the placement of K at depth in the soil rather than applying to the surface in conventional broadcasting (Bordoli & Mallarino, 1998; Mallarino et al., 1999). This conceptual benefit is in response to the significant stratification of plant-available K in the soil commonly observed in conservation tillage systems. However, it is important to acknowledge the variability in response to K placement due to subsequent soil conditions (precipitation, reduced tillage, etc.) following application as well as inherent soil-test K levels (Randall & Hoeft, 1988). Even when not banding, some researchers suggest that incorporation of K fertilizers into a greater amount of soil volume may benefit corn (Bell et al., 2017a; Ebelhar & Varsa, 2000; Kovar & Barber, 1987; Randall & Hoeft, 1988). 5
Figure 5. Example of soil stratification in the crop row from 2016. Increasing soil sample depth commonly led to a decrease in K concentration. Dot represent the mean and bars are the standard deviation. Letters indicate significant differences within a tillage and rate combination among the sampling depths at p<0.05.

Figure 6. Height of each bar represents the average K20 content (lbs K2O acre-1) at V6 for the 116 lbs K2O acre-1 and black bars indicate the standard deviation within the tillage system. Letters within bars represent significant differences among tillage systems at p<0.05 within a specific Farm.Year. 
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Within the recent Purdue experiments, the strip-till timing treatments were compared to NT and FC at the 0 and 116 lbs K2O acre-1 rates. The stratification of soil-test K was evident in this experiment (an example of stratification is presented in Figure 5). This stratification could limit K availability to corn during the growing season if near-surface moisture was scarce during periods of high plant K demand. Similar stratification was seen by Bordolli and Mallarino (1998). The strategic incorporation of fertilizer into the crop row within the strip-till system has led to what appears to be more stratification compared to FC and NT because the latter had fertilizer spread across the surface (between-row and in-row). The FC system had less evident stratification compared to NT due to mixing from tillage (Figure 5). Because of fertilizer placement in the crop row zones, FST and SST commonly had the highest concentrations of K in the crop row. However, most of the increase in K concentration from fertilizer application appears to be in the 0 to 2-inch depth, suggesting that colter-based strip-till implements with above-surface delivery tubes may have difficulty placing fertilizer deeper than 2 inches. 
Early season samples were collected at V6 and showed variation in K2O content (Figure 6) and total above-ground biomass (data not shown). Across the years, corn in the NT treatment commonly had the lowest K2O content. The increase in K2O content was seen almost every year when K2O was incorporated into the soil with tillage (whether with FC or strip-till). Increasing the amount of K2O in a plant can benefit the plant by helping with water regulation (ranging from drought to saturated soil conditions), improved tolerance to low temperatures (at the beginning of the growing season), disease/pest tolerance (corn can better avoid infection and tolerate higher levels of foliar damage), and improved N use efficiency (corn plants can better utilize N with better K fertility). Although V6 K2O content commonly was improved through the incorporation of Aspire™, no significant differences were detected with earleaves at R1 or in grain at maturity (data not shown). More remains to be learned about how K nutrition can influence plant health in modern corn production systems and how efficiently farmers can utilize applied K fertilizers. 
Some authors acknowledge increased farmer interest in using K placement techniques in corn production to improve K fertilizer use efficiency, but further investigation into how/if these management strategies improve K fertilizer use efficiency is still needed (Bell et al., 2017). The efficient use of K fertilizer is difficult to measure because of the influence a K fertilizer application can have over multiple years, and the inability to detect all the K present in the soil.

Can you reduce K fertilizer rates when using strip-till?
The ability to band fertilizer into the tilled strip where most corn roots are located has led some adopters of strip-till to question if K fertilizer rates could be reduced. Previous researchers have suggested rate can interact with placement (i.e., low rates in a band generally have greater nutrient uptake efficiency than a high rate broadcast) (Randall & Hoeft, 1988), but some researchers have not found rate differences in maize response to K placement studies (Bordoli & Mallarino, 1998). However, there are still concerns that reduced rates used over an extended period of time may negatively impact grain yield and plant health. Figure 7. V6 K concentration results for field year 1 (Not including PPAC) and 2 locations. Height of bars indicates mean of strip-till timing with black bars represent the standard deviation. Letters indicate significant differences in rate for strip-till (average of fall and spring) treatments within a specific field year at p<0.05. 
7

As mentioned previously, the Purdue experiments looked at two timings of strip-till (fall and spring) and included three rates of Aspire™ (0, 58, and 116 lbs K2O acre-1). A unique attribute to this experiment addressed in the methodology section is the repeating of this experiment in two of three field sites (2016 & 2018 and 2017 & 2019 were in the same fields at ACRE). At V6, the first-year locations did not show a difference in K concentration between the 58 and 116 lbs K2O acre-1 rates; however, the second-year locations showed a K concentration advantage for the 116 lbs K2O acre-1 Aspire™ rate versus the 58 lbs K2O acre-1 Aspire™ rate (Figure 7). Earleaf sampling at R1 for both the initial and second years did not show a difference in K concentrations between the intermediate and high rates (data not shown). Grain yield also did not show a significant difference between the 58 and 116 lbs K2O acre-1 rates for either field year, but in the second year, the 58 lbs K2O acre-1 was not different than the 0 or 116 lbs K2O acre-1 (Figure 8). 
Results from this experiment suggest that initially, there may be few negative consequences (possibly lower initial K concentration at the beginning of the growing season) to cutting K fertilizer rate when utilizing strip-till in soils that are already near the soil-test K critical level. However, longer-term negative consequences are still likely if the half-rate was maintained for several years. Reducing fertilizer rates with strip-till incorporation (and particularly at rates below actual crop removal) should only be considered when soils are well above the critical levels and when soil and tissue K concentrations are monitored closely to prevent considerable mining of exchangeable soil K supplies.8
Figure 8. Combine grain yield (at 15.5% moisture) in field year 1 (Not including PPAC) and 2. Height of bars indicates mean of strip-till timing with black bars representing the standard deviation. Letters within bar represent significant differences in rate for strip-till (average of fall and spring) treatments within a specific field year at p<0.05. 



CONCLUSIONS
Strip-till is growing in adoption across the Midwest, and research to identify optimal management using strip-till continues to grow. As with any tillage operation, strip-till needs to be completed under the correct soil conditions to prevent short- and possibly long-term damage to soil structure. When conducted under optimal conditions, there may be little to no yield difference in fall or spring timing of strip-till unless the planting date was advanced with FST. Incorporation of K with tillage commonly led to increased K uptake early in the season (at V6). Still, the benefits of incorporating tillage were less evident through the remainder of the growing season and grain harvest. Reduction of Aspire™ fertilizer rates when utilizing strip-till showed signs of reducing early-season uptake but did not negatively affect grain yield in the short term. However, repeated use of that practice, especially at Aspire™ rates well below crop removal (for a rotation cycle) on moderate K testing soils, may still be negative. More research is needed to better understand the long-term impacts of fertilizer rate reduction with placement in the intended crop row.
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