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ABSTRACT

Inadequate nitrogen (N) availability during the start of the corn (Zea mays L.) growing season can reduce the yield potential of the crop. However, the greatest amount of N is required during the period of rapid growth (from 10-leaf stage to tasseling [VT]). Banding N at or near the time of planting increases availability of N to the corn plant and could allow for the reduction in early-season N rates without reducing yield potential. Across the state of Illinois in 2019, urea ammonium nitrate (UAN) was either broadcast incorporated across the entire soil surface or banded (6 inches deep) next to the crop row immediately prior to planting at multiple rates (0 to 180 lbs N acre-1 in 45 lb increments). All treatments were balanced for 180 lbs N acre-1 with a sidedress application of UAN at the V6 growth stage. Banding increased grain yield over broadcast by 10-13 bu acre-1 across locations. At planting, broadcasting half of the total applied N fertilizer (90 lb N acre-1) was optimal, while lesser amounts were needed preplant when banded to maximize yields. Additionally, banding N led to greater season-end plant N accumulation and tended to increase the amount of N accumulated after tasseling. Even at low rates, banding N set a higher yield potential through increased early season N availability and increased the amount of applied N recovered by the crop. 

INTRODUCTION

Agricultural best management practices (BMPs) are practices that have been tested and proven to optimize production potential and input efficiency while simultaneously decreasing environmental impact. Nitrogen use efficiency is a key component of the BMPs concept and can be enhanced by management practices that apply nutrients at the right rate, time, and place using the correct source. Greater nitrogen use efficiency by plants could reduce fertilizer input costs, decrease the rate of nutrient losses, and enhance crop yields. 
Nitrogen uptake by corn follows a sigmoidal pattern over time with almost 75 percent of total plant uptake acquired by the VT/R1 growth stage (Bender et al., 2013). From V8 to R1, corn takes up N at a rate of 7 lbs of N/acre/day for 21 continuous days. Matching corn nutritional needs by supplying nutrients at the right time and place is critical for optimizing nutrient use and grain yield. Applying nutrients when the crop is actively growing and the nutrient demand of the crop is high decreases the likelihood of fertilizer degradation, fixation, nutrient loss, and environmental pollution. However, the corn plant sets its maximum yield potential early in the season based on available N. Therefore, while supplying nitrogen later in-season to match the nutritional needs of the corn plant is important for optimizing usage, early season requirements of N cannot be ignored.
Correctly placing nitrogen fertilizer can increase uptake efficiency, thus leading to higher yields and protection of surface and groundwater quality (Mahler, 2001). Currently, spring applications of N are typically broadcasted, which consists of a uniform application to the soil surface. When incorporated, the majority of the nitrogen is placed two to three inches beneath the soil surface near the seedling root zone, but because it is distributed across the entire interrow, it is less accessible to young roots and has a greater chance for nutrient loss compared to banding (Mahler, 2001).  Subsurface banding places the nitrogen below the surface and either below or to the side of the seed. Banded N remains in a more available form for a longer period than with broadcast due to a decrease in surface area of fertilizer exposed to the soil (Wells, 1982). When nutrients are concentrated near the seed and in the root zone, as with subsurface banding of N, root growth and plant vigor are stimulated due to an increased chance of interception in the early growth stages (Mahler, 2001). Subsurface banding is a BMP that protects surface water quality by reducing losses to erosion and protects groundwater quality because of the increase in plant N use efficiency. Increasing the use efficiency of N reduces the amount left in the soil which is susceptible to leaching. 
It is a common understanding that delaying a portion of applied nitrogen (N), as opposed to a single pre-plant application, could increase N availability to the growing corn crop and improve N recovery and grain yield. However, research shows that the yield response to split applications of N is entirely dependent on the environment and is often uneconomical. What is typically more important for increasing yield potential and nutrient use is assuring adequate N availability at the start of the growing season. It is hypothesized that concentrating N in a band near the crop row at planting, as opposed to broadcasting across the entire soil surface, will increase early-season availability and potentially allow for reduced at-planting N rates. Thus, the objectives of this study were to assess the effect of N placement on N use efficiency and grain yield and determine if placement changes the optimal N rate at planting. 

MATERIALS AND METHODS

Site characteristics and cultural practices
	The 2019 experiments were conducted under conventional tillage in corn-soybean rotations at all locations. The trial was planted using a precision plot planter with variable rate capability (SeedPro 360, ALMACO, Nevada, IA) at Yorkville, IL (41°36'53.01"N, 88°23'10.21"W; 9 June), Champaign, IL (40° 3'8.85"N, 88°14'2.46"W; 1 June), and Ewing, IL (38° 5'56.84"N, 88°50'50.49"W; 5 June). Corn hybrid DKC64-34RIB was planted at all locations to target a final stand of 36,000 plants acre-1. Excessive rainfall was observed at all locations in the month of May, delaying planting to June. Drought conditions during pollination and grain fill (July-August) led to poor pollination and yields at the Champaign location. 

Nitrogen applications
Urea ammonium nitrate (UAN) liquid was applied to achieve five rates of N (0, 45, 90, 135, and 180 lbs N acre-1) at the time of planting. Each initial rate was applied using two different applications methods: surface broadcast with light incorporation (1-3” deep; Broad) or banded two inches below and two inches away from the seed (2 x 2 band; Band). Banding treatments were applied with the laboratory’s custom liquid toolbar. All treatments were balanced to total 180 lbs N acre-1 with a Y-drop sidedress application of UAN at the V6 growth stage using the same liquid toolbar. All treatments were compared to unfertilized check plots (UTC) and are outlined in Table 1.

Table 1. Placement and rate of N applied at-planting (AP), N rate applied at V6 with Y-drop, and the total N rate applied for each treatment. Nitrogen was applied as UAN for all applications.
	Treatment ID
	AP Placement
	AP
	V6
	Total

	
	
	---------------------- lbs N acre-1 ----------------------

	UTC
	-
	0
	0
	0

	0:180
	-
	0
	180
	180

	45:135 Band
	Band
	45
	135
	180

	90:90 Band
	Band
	90
	90
	180

	135:45 Band
	Band
	135
	45
	180

	180:0 Band
	Band
	180
	0
	180

	45:135 Broad
	Broadcast
	45
	135
	180

	90:90 Broad
	Broadcast
	90
	90
	180

	135:45 Broad
	Broadcast
	135
	45
	180

	180:0 Broad
	Broadcast
	180
	0
	180



Data collection
Total above-ground plant biomass sampling was conducted at tasseling (VT) and physiological maturity (R6) by sampling three representative plants from each of the center two rows of each plot and then drying to 0% moisture. The plants sampled at R6 were partitioned into grain and stover. Dried stover samples were ground to pass through a 2 mm mesh careen and a representative subsample was evaluated for N concentration using a combustion-based analyzer. Nutrient accumulation in the plant was determined using total plant biomass weight and stover N concentrations. Nitrogen concentrations in the grain was calculated by converting protein concentration in the grain, obtained using near-infrared transmittance spectroscopy (Infratec 1241
Grain Analyzer; FOSS, Eden Prairie, MN). Total N in the grain was determined using total grain weight and grain N concentration. Total N uptake is the sum of total N in the grain and stover. Post-tasseling N uptake is the difference of total N accumulated at R6 compared to VT. The center two rows of each plot were mechanically harvested for determination of grain yield and harvest moisture, and the yield subsequently standardized to bushels acre-1 at 15.5% moisture. Subsamples of the harvested grain were evaluated for kernel number and individual kernel weight. Kernel weight is presented at 0% moisture.

Experimental design and analysis
	Experimental units were plots four rows wide and 37.5 feet in length with 30-inch row spacing. Treatments were arranged in a randomized complete block design with six replications. Statistical analysis was performed using a linear mixed model approach with PROC MIXED in SAS (version 9.4; SAS Institute, Cary, NC) and means were separated using Fisher’s protected LSD test at the 0.10 level of significance. The normalities of residuals were assessed using PROC UNIVARIATE and the assumption of homoscedasticity was tested using the Brown-Forsythe modification of the Levene Test in PROC GLM. Each location was analyzed separately with N treatment included in the model as a fixed effect and replication as a random effect. Because of the pollination issues, yield and nutrient uptake data collected at the Champaign site was dropped from analysis and is not reported.
	Placement and rate analysis only included 8 treatments (45:135 Band, 90:90 Band, 135:45 Band, 180:0 Band, 45:135 Broad, 90:90 Broad, 135:45 Broad, and 180:0 Broad) to compare the respective placements (band and broadcast) across rates and to compare the different rate ratios (45:135, 90:90, 135:45, and 180:0) across both placements. 

RESULTS AND DISCUSSION

Nitrogen uptake at VT was increased with N fertilization over the unfertilized check at both locations, but uptake was similar regardless of fertility treatment (Table 2). At both sites, there was no placement effect on N uptake at VT, rather there was optimal rates across placement within each site. At the Ewing site, a slight negative trend in VT N uptake was observed as the at-planting rate increased. This finding suggests that N supplied at planting, especially when broadcast, had low availability to the crop, increasing the necessity of the V6 sidedress. For both placement methods at the Yorkville site, the 90:90 split applications led to the maximum recorded VT N uptakes, with slightly lower accumulations observed at lower and higher at-planting rates. 
	Post-tasseling N uptake was much greater at Yorkville than Ewing, demonstrating the differences in productivity between the sites. Nitrogen rate timing ratio had little effect on post-VT uptake; rather, banding increased N accumulated after tasseling at both sites (Table 2). 
	Similar trends in stover, grain, and total N uptake at physiological maturity were observed with banding N at planting, maximizing N content in the plant at both locations (Table 3). At Ewing, total N uptake was maximized when higher rates (135 and 180 lbs N acre-1) were banded at planting. When broadcasting N, however, delaying half or more of the applied N until V6 was preferred for N uptake. It is evident that N broadcast applied at planting was less available to the plant than when banded or sidedressed at V6. Similar to observations at Ewing, plant total N uptake at the Yorkville site was maximized when the majority of N was banded at planting. Banding N at planting increased the total N removed in the grain by an average of 8 lbs N acre-1 at Ewing and 11 lbs N acre-1 at Yorkville. 
At the Ewing site, N fertilization increased kernel number, however there was little difference in kernel number between fertilized treatments (Table 4). Rather, there was a significant increase in kernel weight when N was banded at planting, which ultimately resulted in greater yields. When averaged across rates, banding N increased grain yield by 10 bu acre-1 at Ewing. When banded, the ratio of applied N at planting did not affect yield. However, when broadcasting N prior to planting yield was not maximized with the 180:0 broadcast treatment, greater yields were obtained when a portion of the N fertilizer was delayed to V6. Banding N at planting at Yorkville increased the yield potential of the crop by setting a higher kernel number. On average, banding N at Yorkville increased grain yield by 13 bu acre-1 and the highest yield was achieved when 180 lbs N acre-1 was banded at planting.



CONCLUSIONS

Averaged across preplant N rates and locations, banding nitrogen at planting increased grain yield by 10-13 bu acre-1 compared to broadcast applications. While some interaction between optimal initial N rate and placement of N was observed for grain yield, this study will need to be repeated in more environments before determining the optimal rates for each placement method. Banding N led to greater season-end plant total nitrogen accumulation and tended to increase the amount of the N accumulated after tasseling. This data collected in the first year of this study supports the hypothesis that concentrating N near the crop row (i.e. banding) can increase grain yield and N removal, while limiting N loss to the environment.  
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TABLES

Table 2. Nitrogen uptake at VT change in accumulation between VT and R6 as affected by nitrogen treatment at Ewing and Yorkville, Illinois in 2019. Lowercase letters indicate a treatment mean significant difference within location at P < 0.10. 
	
	VT N Uptake
	Post-VT N Uptake

	Treatment
	Ewing
	Yorkville
	Ewing
	Yorkville

	
	--------------------------------------------- lbs N acre-1 ----------------------------------------------

	UTC
	  54 c
	  79 b
	0 abc
	41 cde

	0:180
	103 a
	143 a
	2 abc
	67 ab

	45:135 Band
	113 a
	154 a
	-5 abc
	70 a

	90:90 Band
	103 a
	165 a
	7 ab
	52 abc

	135:45 Band
	106 a
	162 a
	8 abc
	61 ab

	180:0 Band
	102 bc
	160 a
	18 a
	67 ab

	45:135 Broad
	109 a
	162 a
	-4 abc
	31 de

	90:90 Broad
	114 a
	167 a
	-12 c
	32 de

	135:45 Broad
	  99 a
	146 a
	-6 bc
	50 bcd

	180:0 Broad
	  81 b
	150 a
	0 abc
	23 e

	
	†Level of Significance P > F

	Placement
	ns
	ns
	*(Band)
	***(Band)

	Rate
	ns
	ns
	ns
	ns

	Placement x Rate
	ns
	ns
	ns
	ns


† Placement (45 Band + 90 Band + 135 Band + 180 Band) and (45 Broad + 90 Broad + 135 Broad + 180 Broad) and rate (45 Band + 45 Broad) and (90 Band + 90 Broad) and (135 Band + 135 Broad) and (180 Band + 180 Broad)
* Significant at P < 0.10; **Significant at P < 0.01; ***Significant at P < 0.001; ns, non- significant at P = 0.10.

Table 3. Nitrogen uptake at R6 and partitioning between the stover and grain as affected by nitrogen treatment at Ewing and Yorkville, Illinois in 2019. Lowercase letters indicate a treatment mean significant difference within location at P < 0.10. 
	
	Stover N Content
	Grain N Content
	Total N Uptake

	Treatment
	Ewing
	Yorkville
	Ewing
	Yorkville
	Ewing
	Yorkville

	
	--------------------------------------------- lbs N acre-1 ----------------------------------------------

	UTC
	20 e
	44 c
	32 f
	  75 g
	  53 f
	120 e

	0:180
	34 ab
	86 a
	76 a
	124 cdef
	110 ab
	210 bc

	45:135 Band
	35 abc
	84 a
	75 ab
	132 abc
	110 abc
	219 ab

	90:90 Band
	39 a
	87 a
	71 bc
	130 bcd
	111 ab
	217 ab

	135:45 Band
	40 a
	87 a
	69 cd
	135 ab
	118 a
	222 ab

	180:0 Band
	34 abc
	87 a
	70 bc
	140 a
	113 ab
	227 a

	45:135 Broad
	35 ab
	70 b
	71 bc
	123 f
	106 bc
	193 d

	90:90 Broad
	32 bcd
	72 b
	71 bc
	128 bcde
	103 c
	200 cd

	135:45 Broad
	30 cd
	77 ab
	63 d
	119 f
	  93 d
	196 cd

	180:0 Broad
	27 d
	66 b
	54 e
	120 ef
	  81 e
	191 d

	
	†Level of Significance P > F

	Placement
	**(Band)
	***(Band)
	***(Band)
	***(Band)
	***(Band)
	***(Band)

	Rate
	ns
	ns
	***(45)
	ns
	*(45)
	ns

	Placement x Rate
	ns
	ns
	***
	*
	**
	ns


† Placement (45 Band + 90 Band + 135 Band + 180 Band) and (45 Broad + 90 Broad + 135 Broad + 180 Broad) and rate (45 Band + 45 Broad) and (90 Band + 90 Broad) and (135 Band + 135 Broad) and (180 Band + 180 Broad)
* Significant at P < 0.10; **Significant at P < 0.01; ***Significant at P < 0.001; ns, non- significant at P = 0.10.

Table 4. Grain yield and yield components (kernel number and kernel weight) as affected by nitrogen treatment at Ewing and Yorkville, Illinois in 2019. Grain yield is reported at 15.5% moisture and kernel weight is reported at 0% moisture. Lowercase letters indicate a treatment mean significant difference within location at P < 0.10. 
	
	Kernel Number
	Kernel Weight
	Grain Yield

	Treatment
	Ewing
	Yorkville
	Ewing
	Yorkville
	Ewing
	Yorkville

	
	kernels m-2
	mg kernel-1
	bu acre-1

	UTC
	 1981 c
	  4115 d
	158 d
	185 d
	64 c
	144 e

	0:180
	 3449 a
	  5255 bc
	187 a
	204 c
	122 a
	202 d

	45:135 Band
	 3486 a
	  5467 ab
	192 a
	210 bc
	123 a
	217 bc

	90:90 Band
	 3250 ab
	  5573 a
	191 a
	210 bc
	120 a
	220 ab

	135:45 Band
	 3408 ab
	  5642 a
	190 a
	210 bc
	126 a
	224 ab

	180:0 Band
	 3348 ab
	  5626 a
	191 a
	218 a
	119 a
	231 a

	45:135 Broad
	 3266 ab
	  5199 bc
	184 ab
	209 bc
	114 ab
	204 d

	90:90 Broad
	 3348 ab
	  5381 abc
	188 a
	214 ab
	120 a
	217 b

	135:45 Broad
	 3438 a
	  5150 c
	180 bc
	213 ab
	117 a
	207 cd

	180:0 Broad
	 3128 b
	  5379 abc
	174 c
	215 ab
	102 b
	217 bc

	
	†Level of Significance P > F

	Placement
	ns
	***(Band)
	***(Band)
	ns
	**(Band)
	***(Band)

	Rate
	ns
	ns
	ns
	*(180)
	ns
	*(180)

	Placement x Rate
	ns
	ns
	ns
	ns
	ns
	ns


† Placement (45 Band + 90 Band + 135 Band + 180 Band) and (45 Broad + 90 Broad + 135 Broad + 180 Broad) and rate (45 Band + 45 Broad) and (90 Band + 90 Broad) and (135 Band + 135 Broad) and (180 Band + 180 Broad)
* Significant at P < 0.10; **Significant at P < 0.01; ***Significant at P < 0.001; ns, non- significant at P = 0.10.
