♫ BANDED FERTILITY: MUSIC FOR HIGHER CORN YIELDS

S.W Foxhoven, F.E. Below, and J.S. Seebauer 
University of Illinois, Urbana-Champaign, IL
Swf2@iIllinois.edu (402)640-5616


ABSTRACT

	There is a need in production agriculture to reduce nutrient loss to the environment and implement more sustainable production practices, but grower adoption has been slow and inconsistent due to fear of reduced yields and profit. However, if new fertilizer technologies can be used to increase fertilizer efficiency and grain yield simultaneously, grower willingness to adapt environmentally sustainable practices is far more likely. We implemented a two-year corn (Zea mays L.) yield study in central and southern Illinois with the goal of comparing standard and advanced fertilization practices for phosphorus (P), potassium (K), sulfur (S), zinc (Zn), and boron (B). Fertilizer placements included traditional preplant broadcasting, preplant banding, in-season liquid Y-Drop banding, and a new method that surface bands dry fertilizers next to the crop row in-season (Dry-Drop). Fertilizer placement, specifically Dry-Drop, had the greatest impact on corn yield and fertilizer efficiency compared to variations in fertilizer source, timing, and rate. The effect of S, Zn, and B fertilization on corn yield response was affected not only by fertilizer source but also the interaction of fertilizer source and timing. Our results showed that innovations in source, timing, and placement of fertilizers can simultaneously increase fertilizer efficiency and grain yield, with the end result being improved profitability and lower environmental impacts.

INTRODUCTION

Although many mid-western and Illinois growers believe that better nutrient stewardship is essential (Hoselton and Boerngen, 2021), sustainable nutrient management plans have had minimal voluntary adoption due to fears of reduced yields and overall decreased profit (Stuart et al., 2014). In an effort to link science to practicality the fertilizer industry formulated and launched the global 4R Nutrient Stewardship Framework. 4R Nutrient Stewardship is centered around four different “rights” of nutrient management: the Right Source, Rating, Timing, and Placement. The 4R’s were developed to convey how fertilizer applications, when managed properly, can meet not only a grower’s economic goals but also worldwide social and environmental goals (Johnston and Bruulsema, 2014). The acceptance of the 4R nutrient stewardship concept on a global level has allowed a single language to be spoken and understood by all stake-holders including the fertilizer industry, scientists, growers, and the general public (Fixen, 2020). Although the 4R’s concept has laid the framework for better nutrient stewardship, innovations in source, rate, timing, and placement must continually be explored in order for this concept to stay relevant and trusted by all stakeholders. 
Right source 
Choosing the right source means choosing plant available nutrient forms that release a balanced supply of all essential nutrients in a manner that compliments naturally available sources and matches crop demand (Harold F. Reetz, Jr., 2015; Moody and Bruulsema, 2020). The best way to increase the use efficiency of an applied nutrient is to make sure that no other nutrients are limiting, also conceptualized in Liebig’s law of the minimum (Paris, 1992). This concept implies that fertilization of multiple nutrients together would produce greater nutrient use efficiency than the fertilization of only one nutrient. With this in mind, advancements in fertilizer source technology have led to the introduction of co-granulated fertilizers such as MicroEssentialsSZ (MESZ; 12-40-0-10S-1Zn) and Aspire (0-0-58-0.05B The Mosaic Company, Plymouth, MN) which combine multiple mineral nutrients into a single fertilizer granule. Similar to the dry fertilizer market, liquid fertilizer sources have also experienced technological advances. Examples include new, more-stable chelation formulations for liquid Zn applications such as Levesol Zn (CHS Inc, Inver Grove Heights, MN), and liquid K fertilizers with organic acid carriers like potassium acetate (Kac, 0-0-24), which has been shown to have higher plant adsorption due to acetate being a natural plant metabolite (Shafer and Reed, 1986). In addition to source technology advancements, fluid fertilizers have application flexibility such as planter-applied fertilizer and crop-targeted side-dress applications. 
Right timing and placement 
Fertilizer timing and placement are closely linked because some fertilizer placements are only available at certain timings within the crop production cycle. Most fertilizer applications of P and K are broadcast applied in the fall due to fewer time constraints and drier soils (Fernández et al., 2011). Although fall broadcast applications increase P and K fertility uniformly across the entire upper soil profile, this application method can reduce nutrient use efficiency due to the greater likelihood of P and K fixation (Boomsma et al., 2007). Conversely, concentrating nutrients near the crop rooting zone has also been shown to increase nutrient use efficiency (Boomsma et al., 2007; Hopkins and Hansen, 2019). Two methods that can achieve fertilizer timings closer to crop uptake and higher nutrient concentrations are pre-plant subsurface banding and in-season surface banding next to the crop row. 
Subsurface banding
Due to improvements in subsurface fertilizer banding capabilities and GPS technology, fertilizer can be placed at a specific depth with minimum disruption to soil structure in all tillage systems, and using real-time kinematic (RTK) guidance the seed can be planted directly over the fertilized bands (Vyn, 2008). Banding fertilizers increases nutrient use efficiency and grain yield compared to broadcast fertilization (Borges and Mallarino, 2001; Boomsma et al., 2007; Adee et al., 2016; Potratz et al., 2020).
In-season applications
Although the practice of strip-till/banding has been increasing in Illinois, this production system accounts for less than 25% of total Illinois corn acres (Sellars et al., 2019). An alternative to pre-plant banding of fertilizers is the use of in-season fertilizer applications. In the past, placement of in-season fertilizer has been limited to broadcasting fertilizers over the crop (top-dress), foliar sprays, or liquid fertilizer applied in the center of the interrow. Recently, 360 Yield Center developed a system that allows for the placement of a liquid nutrient solution on the soil surface directly next to the crop row called Y-Drop® (360 Yield Center, Morton, IL). Commercially available application technologies that allow for surface banding of nutrients next to the crop row are currently limited to liquid fertilizers. The Crop Physiology Lab (University of Illinois), however, has developed and tested a proof of concept application method that can surface band dry fertilizers in-season near the crop row, referred to in this paper as Dry-Drop. This type of application method can be incorporated with water naturally due to the upright nature of corn leaves which creates a water funneling system that can take rainfall or even heavy due and divert the water down to the base of the plant. This water funneling can increase water placement to the base of a corn plant from an incident rainfall by 40-50% (Warner and Young, 1991; Paltineanu and Starr, 2000), which can incorporate dry P & K fertilizers.
Agriculture is changing at a faster pace now than it did when the 4R’s of nutrient stewardship framework was created. Innovations in source, rate, timing, and placement have the potential to change how we think about crop nutrition, fertilizer use efficiency, and environmental sustainability. The goal of this research is to better understand how some of those innovations, and their interactions, can be used to maximize corn yield while increasing nutrient use efficiency and improving environmental sustainability.  

MATERIALS AND METHODS

In 2020 and 2021 three field trials were conducted at two locations in Champaign, Illinois (Central, IL; 40°04'45"N, 88°14'34"W), and Nashville, Illinois (Southern, IL; 38°19'04"N,  88°20'10"W). Soybean was the previous crop for all site-years. A composite soil sample of each site was taken from a 0-6 inch depth immediately prior to planting and analyzed by A & L Great Lakes Laboratories, Inc (Fort Wayne, IN) using the Mehlich 3 extraction method (Table 1). All plots received a base N rate of 180 lb acre-1 applied preplant incorporated as 32% UAN. All plots across Illinois were planted with the same ALMACO SeedPro 360 research plot planter (Nevada, IA) to achieve an approximate final stand of 36,000 plants acre-1. 
Eleven fertilization strategies were evaluated to assess the impact of nutrient source, rate, placement, and timing on crop growth and development. Nutrient sources included: co-granulated NPSZ (MESZ; 12-40-0-10S-1Zn), co-granulated K & B (Aspire; 0-0-58-0.5B, muriate of potash (MOP; 0-0-60), mono-ammonium phosphate (MAP; 11-52-0), ammonium polyphosphate (APP; 10-34-0), potassium acetate (K acetate; 0-0-24), potassium thiosulfate (KTS; 0-0-25-17S), liquid B derived from polyborate (10%B; 0-0-0-10B), ortho-ortho EDDHA chelated zinc (Levesol Zn; 4-0-0-4.5Zn). Nutrient placements included: 1.) preplant broadcast using a Gandy drop spreader (Gandy Company, Owatonna, MN); 2.) subsurface banding 4 to 6 inches deep directly beneath the crop row using a Montag Gen II fertilizer delivery system (Montag Manufacturing, Emmetsburg, IA) mounted on top of a four-row Dawn Coulter-type toolbar (DAWN 6000 Universal Fertilizer Applicator, Dawn Equipment, Sycamore, IL); 3.) liquid surface banding near the crop row (Y-Drop; 360 Yield Center, Morton, Illinois); and, 4.) dry surface banding near the crop row (Dry-Drop; Crop Physiology Lab – University of Illinois, Champaign, Illinois). Nutrient timings included: fertilization immediately prior to planting (preplant), and fertilization at the V5 crop growth stage (side-dress). Nutrient rates included: 80lbs of P2O5 acre-1 compared to 40lbs of P2O5 acre-1, 60lbs K2O acre-1 compared to 30lbs K2O acre-1, and the addition or omission of (20lbs of S acre-1, 2lbs of Zn acre-1, and 0.5lbs of B acre-1) or (10lbs of S acre-1, 1lbs of Zn acre-1, and 0.25lbs of B acre-1). 
	The center two rows of each experimental plot were mechanically harvested with an ALMACO SPC40 combine (ALMACO, Nevada, IA) for determination of grain yield and harvest moisture, and the yield was subsequently standardized to bushels acre-1 at 15.5% moisture. Fertilizer efficiency was calculated by dividing the bushel acre-1 yield increase compared to the N only Control by the total lbs of P and K applied per acre. 

RESULTS AND DISCUSSION

Soil test values for P and K in Central and Southern, IL (Table 1) were both within the recommended maintenance levels based on the Illinois Agronomy Handbook (Fernández and Hoeft, 2009). Corn grown with only nitrogen produced a respectable grain yield of 235 bu acre-1. Although this study has an unfertilized control to make references about overall fertilizer response, the standard grower practice for corn fertilization in Illinois is a broadcast application of MAP & MOP. For this reason, most fertilizer treatments are compared to preplant broadcast MAP & MOP, which resulted in a 9 bu acre‑1 yield increase compared to the N only control. 
The influence of fertilizer placement had a significant effect on grain yield and fertilizer efficiency. When compared to preplant broadcast, the result of preplant banding had an 8 bu acre-1 yield increase with MAP & MOP but a negative 5 bu acre-1 effect for MESZ & Aspire. Visual assessments of plots in-season revealed that corn grown with MESZ & Aspire banded directly beneath the row had more stunted plants early in the season which has been attributed to early season boron concentrations being to high near the seedling. Although preplant banding for MAP & MOP resulted in markedly higher grain yield and fertilizer efficiency, preplant banding is a difficult operation to implement. The results of this trial suggest that a feasible alternative to preplant banding MAP & MOP could be an in-season surface band application of P & K directly next to the crop row. When liquid P & K was applied to corn as a V5 Y-Drop, grain yield production was identical to corn grown with preplant broadcast MAP & MOP yet only half the rate of nutrients had to be applied due to the increased fertilizer efficiency. Corn grown with a half rate of MAP & MOP applied as Dry-Drop resulted in the same yield as corn grown with a half rate of Liquid P & K applied as Y-Drop. Due to the lower cost of dry fertilizers and ease of handling, Dry-Drop MAP & MOP has a distinctly higher return on investment and ease of application. Although Dry-Drop applications are not currently an option for commercial applications of fertilizers in-season, the technology for such applications is not far off. Air boom fertilizer spreaders, which are commonly used for variable rate fertilizer applications, have already been tailored with drop tubes for in-season applications. In order to apply dry fertilizers in a “Y-Drop” fashion these drop tubes would only need to be retrofitted with a device that can partition the fertilizer blend to the base of the plants.
The effect of fertilizer source was dependent upon both fertilizer placement and fertilizer rate. When applied at a full rate, MESZ & Aspire resulted in a 6 and 5 bushel acre-1 yield advantage over MAP & MOP for preplant broadcast and V5 Dry-Drop, respectively. However, when MESZ & Aspire was applied at a half rate as V5 Dry-Drop there was no numerical difference in grain yield production compared to MAP & MOP applied as V5 Dry-Drop. This mimics the lack of response to liquid S, Zn and B applied at a half rate as V5 Y-Drop. However, the greatest grain yield production and fertilizer efficiency of the trial was achieved from corn grown with a full rate of MESZ and Aspire applied as V5 Dry-Drop.
 Excluding preplant banded MESZ & Aspire, all other fertilization strategies increased fertilizer efficiency compared to the traditional preplant application of MAP & MOP. These results showed that innovations in source, timing, and placement of fertilizers can increase both fertilizer efficiency and grain yield, resulting in improved profitability, lower environmental impacts, and greater likelihood of grower adoption. 

TABLES

Table 1. Trial and soil information for three corn fertilizer management trials evaluated at two locations in Illinois in 2020 and 2021.
	Site-year
	Planting
date
	Harvest
date
	CEC†
	pH
	OM
	P
	K
	Ca
	Mg
	S
	Zn
	B

	Central, IL
	
	
	meq 100g-1
	
	%
	------------------------- ppm -------------------------

	2021
	06 Apr.
	15 Sep.
	20.1
	5.6
	3.8
	30
	100
	2248
	457
	6
	1.3
	0.6

	Southern, IL
	
	
	
	
	
	
	
	
	
	
	
	

	2020
	07 June
	12 Oct.
	9.9
	6.5
	2.1
	36
	84
	1557
	83
	12
	2.4
	0.4

	2021
	22 Apr.
	08 Oct.
	7.9
	6.0
	2.3
	25
	83
	932
	78
	4
	1.1
	0.3


†CEC, cation exchange capacity; OM, organic matter.

Table 2. Effect of fertilization strategy on grain yield and fertilizer efficiency for corn grown at Central and Southern Illinois in 2020 and 2021.  
	Rate
	Timing & Placement
	Fertilizer 
Source
	Grain
Yield
	Fertilizer Efficiency

	
	
	
	bushels/acre
	Δ bu / lb P & K

	
	Nitrogen Only Control 
	235
	-

	Full 
	PrePlant Broad
	MAP & MOP
	   244*†
	0.06

	
	PrePlant Broad
	MESZ & Aspire
	 250*
	0.11*‡

	
	PrePlant Band
	MAP & MOP
	 252*
	0.12*

	
	PrePlant Band
	MESZ & Aspire
	 245*
	0.07

	
	
	
	
	

	Half
	Y-Drop
	Liquid P & K
	 244*
	0.13*

	
	Y-Drop
	Liquid P, K, S, Zn, & B
	 244*
	0.13*

	
	Dry-Drop
	MAP & MOP
	 244*
	0.13*

	
	Dry-Drop
	MESZ & Aspire
	 244*
	0.13*

	
	
	
	 
	

	Full
	Dry-Drop
	MAP & MOP
	 251*
	0.11*

	
	Dry-Drop
	MESZ & Aspire
	 256*
	0.15*


† * Yield significantly different than the nitrogen only control at P < 0.05.       
‡ * Fertilizer efficiency significantly different than broadcast MAP & MOP at P < 0.05.
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