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ABSTRACT
In long-term no-till fields, South Dakota (SD) farmers reported a reduced fertilizer-nitrogen (N) requirement compared to conventional tillage to obtain optimum corn yield. Reduced fertilizer recommendation may be due to improved soil health resulting from increasing soil organic matter, higher soil microbial activities, and improved water and nutrient use efficiency over the years the no-till system is used. However, the impact of soil health measurements on fertilizer-N requirement has not been determined in SD soils. This project aims to develop a corn fertilizer-N recommendation that includes adjustments based on soil health measurements. The effect of four N rates (25, 75, 125, and 75 lbs. N ac-1) on corn grain yield was evaluated in seven fields throughout SD that had been in no till for 11 to 30 years. Soil samples for nitrate-N (NO3-N), ammonium-N (NH4-N), pH, EC, and phospholipid fatty acid (PLFA) were collected from various depths before planting and after harvest, and crop reflectance was measured at the V10 corn stage. Corn yield and economic optimum N rates varied by site, indicating site location influenced fertilizer-N requirements. There was a quadratic relationship between corn yield and NDVI (R2: 0.59). The best combination of soil variables for predicting grain yield included NH4-N, pH, EC, Gram-positive and Gram-negative bacteria along with interactions between NO3-N and NH4-N, pH and EC, and various soil microbe populations. Combining traditional soil fertility N measurements with measurements related to soil health shows promise for improving our ability to predict corn grain yield. Additional site-years in these models over the next two years will be used to test and validate our current model.
INTRODUCTION
According to USDA-ERS (2019), fertilizer cost bears 33% of total operational costs for corn production. A long-term goal for farmers is to reduce the fertilizer cost to increase their profit and minimize the environmental hazards escalated by excessive fertilizers application. North Dakota N recommendation reduced the recommended rate for long term (>6 years) no-tillage fields (Franzen, 2017). South Dakota no-tillage farmers reported that their corn fertilizer recommendations have declined. In long-term no-tillage practice, improvement in soil health because of increased soil organic matter (SOM), improved soil microbial community structure, and water and nutrient use efficiency could be related to declining N recommendation. The use of cover-crops, crop rotation, and reduced tillage are the key agricultural techniques to manage and improve soil health (Lal, 2016). Inclusion of cover crops with no-till improves soil health through moisture and nutrient retention. Crop residue on the soil surface in no-till systems also promotes soil microbial activities, which increases nutrient use efficiency (Busari, 2015).
Phospholipid fatty acid (PLFA) analysis is a promising technique to measure the total amount of soil microbes present in soil. It measures the change of bacterial and fungal biomass in spring and fall, which affects the decomposition rate and the rate of nutrient transport to the plant roots (Reese et. al., 2014). In addition, nutrient use efficiency can be influenced by soil physical measurements including soil texture, structure, and water infiltration rate as well (Baligar, 2001).
The only soil-N measurement used in the current N recommendation for SD is a credit for soil NO3–N (Clark, 2019). However, the fertilizer-N rate needed by crops to optimize yield is also influenced by soil microbial activities and other soil physical and chemical parameters. Thus, our project aims to develop a corn fertilizer-N recommendation that includes adjustments based on soil physical, chemical, and health measurements.
MATERIALS AND METHODS
The experiment was conducted at seven sites that were in no-till from 11 to 30 years. Response of grain yield to four N fertilizer rates (25, 75, 125, and 175 lbs. N ac-1) was determined at each site. The experiment was conducted in a randomized complete block design with four replications. Soil samples from five depths (0-2, 2-6, 6-12, 12-24, and 24-36 inches) were collected before fertilizer application, and samples from four depths (0-2, 2-6, 6-12, and 24-36 inches) were collected after harvest. These soil samples were analyzed for soil NO3-N, and NH4-N with 1M KCl (10:1). Soil samples from 0-2-inch were taken from each site, using aseptic techniques, to analyze soil microbial biomass using PLFA analysis (Buyer and Sasser, 2012).
At V10 corn growth stage, crop reflectance for near-infrared (NIR) and red light was measured using Cropscan multispectral radiometer and the normalized difference vegetation index (NDVI) value was calculated for each plot using the following formula. 

Corn grain and stover samples were collected and grain yield was adjusted to 15% moisture. The economic optimum N rate (EONR) for each site was calculated using a quadratic-plateau model and a corn selling price of $3.75 bu-1 and a N cost of $0.38 lb-1 N. 
RESULTS AND DISCUSSION
Soil inorganic nitrogen
Spring soil NO3–N and NH4–N concentrations prior to applying fertilizer decreased with depth (Fig. 1a). The average NO3-N and NH4-N concentrations for the 0-2-inch depth were 25 and 46 µg g-1 soil, respectively, when averaged across seven site-years. Similar trends with NO3-N and NH4-N were observed in the fall samples after corn harvest (Fig. 1b); decreased with depth. However, the average NO3–N concentrations for the 0-2-inch depth ranged from 5 to 7 µg g-1 soil while NH4–N ranged from 7.2 to 8.3  µg g-1 soil with minimal differences among the N fertilizer rates. The concentrations of inorganic N in the fall compared to spring samples likely decreased because of N uptake by corn and possible leaching and denitrification losses. Soil NO3-N at the top 2-inch depth, after harvest, increased with increasing N rates but decreased after 125 lbs. N ac-1. The concentration of NO3-N for the highest N fertilizer rate showed gradual increase at lower depths (Fig. 1b), indicating downward movement of NO3–N during the season. 
Figure 1. Concentrations of NO3-N and NH4-N (µg g-1 soil) in (a) the spring prior to planting and N fertilization at various soil depths and in (b) the fall after harvest at various soil depths and four N fertilizer rates. Data is averaged across seven site-years.
















NDVI, EONR, and corn yield
The NDVI for most of our experimental sites were positively correlated with corn yield, except for DLD (-0.87), which was likely due to the lack of a response by corn to N fertilization. Green plants with high chlorophyll content reflect NIR radiation but absorb red light while the opposite occurs in plants with low chlorophyll content. Thus, this information is helpful to predict the yield. Similar to our results, Gao et. al. (2018) reported a positive correlation of NDVI, calculated from the reflectance of NIR and red bands, with corn yield. Using the NDVI values, we developed a quadratic equation to estimate corn yield. We obtained the following equation with r-squared value of 0.59.
yield (bu ac-1) = 174.8 + 165.5*NDVI + 93*NDVI2  
Out of seven experimental sites, five sites responded to N fertilization while two sites did not respond. At the BJO site, yield increased with N fertilizer rate from 75 to 125 lbs. ac-1 whereas grain yields at DFO, DHO, DLI, and SCA sites were similar among N rates from 75 to 175 lbs. ac-1. At BSP and DLD sites, yield did not increase with additional N fertilizer. 
The economic optimum N rates varied by site ranging from 14 to 150 lbs. N ac-1. The lowest EONR (14 lbs. N ac-1) was obtained at the DLD site. However, the optimum yield at EONR for this site was one of the greatest yields (212 bu. ac-1) among the seven sites. The optimum yield at the BJO site was one of the lowest (151 bu. ac-1) across the sites. However, the EONR was the greatest (150 lbs. N ac-1) for this site. The possible reasons for this might be the greater clay content at BJO with low precipitation that adsorbed the nutrient and made it less plant available.  
In North Dakota, N recommendations for long-term no-till corn is 40-50 lbs. N ac-1 less compared to conventional tillage (Franzen, 2017). In addition, the author explained that N recommendations differs with soil texture; N response from high-clay soils is different from loamy soils. A case study on no-tillage system in South Dakota by Anderson (2016) reported 116% corn yield increase in no-tillage over conventional tillage. This yield increase was attributed to factors including better moisture retention and improved soil structure when using no-till. 	
As the number of years of no-till practice across the seven site-years increased, optimum yield generally increased (Fig. 2). However, BJO had a lower yield although the number of years of no-till was 30-years. This might be associated with a lower yield potential of a silty clay soil compared to the loam and silty loam soils. 
Figure 2. Optimum corn yield at EONR and number of years using no-till across seven site-years. Text above each bar represents soil texture at each site.









Model fit
A linear model was selected based on the stepwise selection procedure. This model considered corn yield as the response variable and NO3-N, NH4-N, pH, EC, and different soil microbes including bacteria, fungi, AMF, actinomycetes, and their interactions as explanatory variables. The predicted value using the linear regression could explain 41% of the variability of corn yield at various N rates, with an r-squared value of 0.83. This model fit technique provides an idea of what soil quality measurements have the potential to be used to improve our ability to predict corn yield. We will use this information to work on developing an algorithm that integrates soil measurements to predict corn yield.
SUMMARY
An increasing trend was observed for the optimum corn yield at EONR with increasing years of no-tillage practices; an additional impact of soil texture and water infiltration capacity was suspected. Economic optimum N rates varied by sites, which might be due to difference in soil texture, weather pattern and other soil and management parameters. Based on the preliminary data, a linear regression model better explained corn yield variation against various soil chemical and biological measurements as compared to random forest model. Understanding the trend of yield and soil measurements can provide information of N-fertilizer requirement.
We will continue to collect data from more sites for two more years. Based on this result, we will develop an algorithm to recommend fertilizer-N that includes the soil health measurements including soil organic matter, soil microbial biomass and community structure, use of cover crops, and soil physical and climatic information.
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