CORN TISSUE NUTRIENT CONCENTRATION RELATIVE TO SOIL FERTILITY LEVELS
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ABSTRACT
Soil health metrics, such as active carbon or soil respiration, may be important factors influencing corn nutrient uptake. The push for increasing soil health has promoted the question of how soil health and soil fertility interact. This research determined how different soil health metrics impact early-season corn tissue potassium (K), sulfur (S), or phosphorus (P) nutrient content. Research conducted in 2019 on 35 producer Missouri fields encompassed many soil types and management practices. Soil samples collected in the spring before applying fertilizer treatments were analyzed with a range of soil fertility and health tests. Each field location (referred to as a “stamp”) was divided into quadrants for fertilization, where non-limiting nitrogen was added along with the treatments (no other fertilizer, K, P, and S). This resulted in 195 stamps. Whole plant tissue samples collected at the V6 developmental growth stage were analyzed for nutrient content. Tissue nutrient content from fertilized areas were compared to non-fertilized areas through a response ratio. Results will show the relationship of tissue response to several soil health metrics along with the soil fertility tests. Differences in tissue response at different fertility levels may be explained using soil health metrics.
INTRODUCTION
In recent decades, farmers have been encouraged by a variety of organizations to adopt management practices that would improve their soil’s health.  In its simplest terms soil health is “the capacity of a soil to function” (Karlen 1997). A well-functioning soil will sustain microbial and plant life, cycle nutrients (e.g., sequester carbon, nitrogen fixation), filter contaminants out of water, and remediate pollutants. Well-functioning soils typically require certain physical, chemical, and biological properties. Current/past management practices (e.g., deep tilling, fixed crop rotations, and not using cover crops) are used to improve planting conditions, germination uniformity, and control for weeds, but often at the expense of soil health. They are popular as they are the most cost-effective practices. However, research has shown that farmers can still maintain their yields, and minimize weed pressure by adopting soil health promoting practices (e.g., no-till, cover crops, adding wheat into a rotation). 
Many different metrics have been proposed for assessing crop and soil management practices on soil health. Examples include soil aggregate stability and soil total protein. Perhaps more importantly is assessing how soil health impacts crop performance. This later is the perspective of producers as they explore crop and soil practices that will optimize return on their investment. Yield is the most direct measure of crop performance. As an example, farmers slowly adapted no-tillage (a soil health promoting practice) due to an initial yield drag, but that yield loss disappears with time because of improvement in management skills and soil properties (Karlen et al., 2013; Bavougian et al., 2019). However, many farmers are unwilling to accept short-term risk of reduced yields, even if sustainability increases. Indirect measures of crop performance may also show the impact of soil health. For example, claims have been made that soil health improves soil nutrient availability to crops. 
Current knowledge is lacking on how soil health affects nutrient management. Showing that improved soil health could cause improved nutrient uptake, reduced fertilizer needs, or aid in improving fertility recommendations is required to get more farmers on board. If links between soil health and improved fertilizer recommendations could be quantified, then farmers would stand to profit from adopting soil health practices. Research is needed to show both producers and the public that increasing soil health can be both cost effective and beneficial. 
Increasing the soil health metrics could increase soil productivity, and therefore the tissue nutrient response would decrease due to the inherent higher productivity before fertilizer is added. This research has the objective of investigating the early-season corn tissue nutrient content as mediated by P, K, and S fertility and soil health metrics.
MATERIALS AND METHODS
	This research took place mostly in Missouri, along with a few stamps in Iowa and South Dakota. Data was collected during the 2019 and 2020 growing seasons. Each year 50-60 different fields were used. Each field contained 3-5 sites (referred to as “stamps”) in order to capture inherent in-field variability. Emphasis was placed on fields that differ in management and cropping systems to see responses at different soil health and fertility levels. Fields were selected by communicating with farmers and local networks. Farmers avoided applying S, P, and K to the stamps in order to provide a local environment with the best opportunity for response to treatments. Fields with recent grid sampling results were preferred due to the nutrients being studied. Stamps were placed based on landscape position, differing soil series, and fertility levels. The goal of the setup of this project was to encompass a wide range of soil health levels in order to identify how the soil health can change the critical values of soil fertility. 
	Once the stamps were identified, a standardized protocol that was implemented involved sampling/measurements, including: GPS coordinates, soil sensor data, soil physical, biological, and chemical characteristics, and the associated management data was recorded. The soil samples taken at each site included:
· Soil Fertility 0-6”
· Soil Health 0-2”; 2-6”
· Soil Characterization Core 0-4’
There will be extensive soil fertility and health analysis done on the samples that are listed in Table 1.
	Soil Analysis
	Method
	Citation

	Chemical & Physical Tests
	 
	 

	Phosphorus
	Bray 1; Mehlich-3
	Bray and Kurtz 1945; Mehlich 1984

	Potassium
	Ammonium Acetate
	Warncke and Brown 1998

	Calcium
	
	

	Magnesium
	
	

	Sodium
	
	

	S-SO4-
	Mono Calcium Phosphate Extraction
	Hoeft et al. 1973

	Organic Matter
	Loss on Ignition
	Ben-Dor and Banin 1989

	Cation Exchange Capacity
	Sum of Base Cations
	Rhoades 1982

	Soil Texture
	Hydrometer Method
	Gee and Bauder 1979

	
	
	 

	Biology Tests
	
	 

	Soil Organic Carbon
	LECO Combustion
	Nelson and Sommers 1996

	Active Carbon
	Permanganate oxidizable C (POXC)
	Schindelbeck et al. 2016

	Total Protein
	ACE Protein
	Hurisso et al. 2018

	Soil Respiration
	4-day incubation
	Schindelbeck et al. 2016

	Arylsulfatase Activity
	 
	Klose et al. 2011

	Acid Phosphate Activity
	 
	Acosta-Martínez et al. 2011

	β-D-Glucosidase Activity
	 
	Deng and Popova 2011

	β-glucosaminidase Activity
	 
	Deng and Popova 2011


Table 1: List of conducted soil biological, chemical and physical analysis with associated methods and citations.
After sensing and sampling, the 148 m2 plot was separated into four 36 m2 quadrants so that fertilizer can be applied. The stamps are oriented on a north-south bearing regardless of where the stamp is in the field. Treatments 1, 2, 3 and 4 correspond to the NW, NE, SW, and SE quadrants. Fertilizer was added to each of the four quadrants spread by hand. Treatments went as follows: 1) control; 2) 112 kg ha-1 of K2O applied as potash (0-0-60); 3) 112 kg ha-1of P2O5 applied as triple super phosphate (0-45-0); and 4) 28 kg S ha-1 applied as ammonium sulfate (21-0-24) (Figure 2). A 25 kg ha-1 of N will be applied as SUPER-U (46-0-0) to treatments 1-3 to equal the N applied with ammonium sulfate from treatment 4. 
                                         [image: ]
Figure 1: Outline of 40’ x 40’ stamp split into four 20’ x 20’ sections along with the respective fertilizer applications.
	Once the corn reaches the V6 growth stage, a tissue sample will be collected and rows are marked for harvest later in the season, using marker stakes. The middle 12’ of the center four rows in each treatment will be marked, given that those rows have a good stand. If not, rows that are near the center four will be considered and chosen based off stand count at the V6 stage. Once the rows are marked, eight whole plant above ground tissue samples are taken outside of this harvest area. The samples are taken within short time of each other to avoid variations in the concentrations due to time of day (Mundorf et al., 2015). These samples will be air dried and ground up so that they can be analyzed for concentration of P, K, and S. If a wet spring occurs and deemed necessary, 67 kg ha-1 will be applied when tissue sampling to each treatment to avoid N limiting corn growth. 
RESULTS AND DISCUSSION
In 2019, there were a total of 205 stamps soil sampled in 53 fields between Missouri and Iowa. The spring was really wet which led to planting delays and even some fields not being planted in corn at all. Due to the wet spring and other problems with stand, only 141 stamps were tissue sampled and 127 were harvested. Plans for 2020 are to harvest 250 stamps in order to have enough data to do several significant analyses.
The tissue test results were put into a ratio where the concentration of the tissue K concentration from the quadrant where K fertilizer was applied (treatment 2) divided by the K concentration in the control group (treatment 1). The same ratio was done for P and S. The tissue K concentration ratio vs. soil test K along with the P concentration ratio vs. soil test P (Figure 3) both show a response to the added fertilizer when the soil test level was below the University of Missouri recommended critical value. However, there are a lot of stamps that did not respond even though below the critical soil test value. One of the goals of this research is to explain these points that do not respond even though they test low for soil fertility. Ability to conduct these analyses is limited at this time due to lack of data points and some tests still being conducted. 

Figure 2: Preliminary Potassium and Sulfur results showing relative tissue response ratio in all stamps sampled in 2019.
	However, the S treatment did not show the same response curve (Figure 4). There may be a reason why there is no trend in the data, such as an effect from the sulfatase enzyme. Also, it has been documented that the sulfate soil test may not be an accurate representation of the S that will become available during the growing season. Further data analysis is necessary to try and explain the random spread of the data with a simple response graph analysis. 
[image: W:\Kitchen Lab\Research Projects\Soil Health and Sensing (SHS)\Presentations\2019 Season Stakeholder Meeting\Boxplots\S Tissue Response.png]
Figure 3: Preliminary Sulfur results showing tissue nutrient concentration response ratio in all stamps from 2019.
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