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ABSTRACT 
 

Determining the best management practices for nitrogen (N) fertilizer application 
to corn is crucial to achieving the objectives of the 4 r of nutrient stewardship. Although 
producers have a wide range of options regarding N fertilization, identifying the right rate, 
source, placement, and timing can significantly impact productivity and nitrogen use 
efficiency. Our objectives were to evaluate the nitrogen agronomic efficiency (NAE), and 
the corn grain yields as affected by different rates, sources, placements, and timing 
methods of N fertilizer application under rainfed and irrigated conditions in Kansas. Two 
rainfed locations in Riley and Republic counties and two irrigated locations in Republic 
and Shawnee counties were established in 2021. Increasing rates from 0 to 180 lbs N 
acre-1 in 30 lbs increments for rainfed locations and 0, 90, 120, 150, 180, 210, 240 lbs N 
acre-1 for irrigated locations applied at planting, as broadcast urea. Additionally, five 
different N management treatments were applied at the same rate of 90 and 120 lbs N 
acre-1 for rainfed and irrigated locations, respectively. The nitrogen application 
significantly impacted the grain yield for both irrigated and rainfed locations. Applying N 
fertilizer as UAN coulter-injected at planting and SUPERU at side-dress V6 growth stage 
increased grain yield and AE across locations when compared to the baseline of urea 
broadcast at planting.   

 
INTRODUCTION 

 
The “4r” references the four rights of nutrient management practices: right source, 

right rate, right time, and right place (Fixen, 2020). N fertilizer inputs are generally 
necessary for optimizing corn yields, but N is the most challenging plant nutrient to 
manage optimally (Ransom et al., 2020). Even if it is almost impossible to achieve total 
efficiency for N fertilizer use in any crop production system, there is significant opportunity 
for reducing N losses associated with management practices (Shanahan et al., 2008). 
Enhance N use efficiency is crucial to keep productivity and sustainability in agriculture. 
Ideal N management optimizes grain yield and N use efficiency (Shapiro and Wortmann, 
2006). Our objectives were to evaluate the nitrogen agronomic efficiency (NAE), and the 
corn grain yields as affected by different rates, sources, placements, and timing methods 
of N fertilizer application under rainfed and irrigated conditions in Kansas.   

 
MATERIALS AND METHODS 

 
The study was conducted during the 2021 corn growing season across Kansas, 

two irrigated locations in Republic and Shawnee Counties and two rainfed locations in 



Republic and Riley Counties were established under a randomized complete block design 
with five replications; plots were 10-ft width × 40-ft length. N fertilizer was applied at 
planting using urea as source, in the irrigated locations rates of 0, 90, 120, 150, 180, 210, 
and 240 lbs N acre-1, and in the rainfed locations increasing rates from 0 to 180 lbs N 
acre-1 in 30 lbs increments were applied broadcasting the fertilizer. Additionally, five 
different N management treatments, broadcast Urea + NBPT, streamed UAN and UAN 
coulter-injected at planting, side-dress SUPERU and streamed UAN at V6 corn growth 
stage were applied at the same rate of 90 and 120 lbs N acre-1 for rainfed and irrigated 
locations, respectively. Before planting, soil composites samples were collected by block 
at 0 to 6 and 0 to 24 in. depth using hand probes. Corn was planted from April 25h to May 
5th. Plant and grain samples were collected from six plants from middle rows when corn 
reached R6 maturity growth stage; samples were dried at 140°F (60°C) and ground to 
2mm. N content in the plant and grain were determined through dry combustion. Yields 
were determined harvesting the two middle rows from each plot and correcting grain 
moisture to 15.5%. Nitrogen Agronomic Efficiency (NAE) was calculated as: 

𝑁𝐴𝐸 = 	
(𝑌! − 𝑌"!)

𝐹  
Where 𝑌!represents the grain yield (lbs acre-1) obtained from the N fertilized plots, 

𝑌"! represents grain yield (lbs acre-1) obtained from the plots with 0 lbs N acre-1, and 𝐹 
represents the amount of N fertilizer applied (lbs N acre-1).  

Analysis of variance (ANOVA) and Fisher’s least significant difference (LSD) 
pairwise comparisons at α < 0.01 was performed using the RStudio 2022.07.2+576 
software. 
 

RESULTS AND DISCUSSION 
 
Corn Grain Yield 

There was a significant yield increase in grains due to the application of nitrogen 
across both irrigated (Figure 1A) and rainfed (Figure 1B) locations. The agronomic 
optimum nitrogen rate (AONR) was calculated for both irrigated and rainfed using the 
quadratic regression, for irrigated locations an AONR of 230 lbs of N acre-1 was obtained, 
and a value of 204 lbs of N acre-1 for rainfed locations. The nitrogen management 
treatments increase grain yields across rainfed locations (Figure 2B) compared to the 
urea baseline at planting. Across irrigated locations the UAN coulter-injected at planting 
and the SUPERU side-dress at V6 growth stage, increased significantly the grain yields 
(P<0.07) when compared to the baseline urea (Figure 2A). 
 
Nitrogen Agronomic Efficiency 

The higher rates of N fertilizer significantly decrease the NAE across both irrigated 
(Figure 3A) and rainfed (Figure 3B) locations. Nitrogen agronomic efficiency (NAE) 
decrease with N rate increase is expected, particularly for excessive N rates (Wortmann 
et al., 2011; Woli et al., 2016; Halvorson and Bartolo, 2014. The lowest NAE value was 
obtained with the highest rate of N (P < 0.0001). The UAN coulter-injected at planting and 
the SUPERU side-dress at V6 growth stage showed the highest NAE values when 
compared to the baseline of urea broadcast at planting across locations under irrigation 



(Figure 4A).  Across the rainfed locations the trends were similar, with the highest NAE 
attained with the the UAN streamed at planting (Figure 4B). 
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Table 1. Experimental locations, soil type, pH, organic matter, and mineral nitrogen 
before planting and treatment application. 

    0-6 in 0-24 in 
County System Planting Date Hybrid pH OM P K NO3

- NH4
+ 

     % lbs acre-1 
Republic Irrigated 5/5/2021 P1828AM 6.06 2.90   6.91 33.8 
Shawnee Irrigated 4/29/2021 P1185 6.78 2.34   18.14 27.36 
Republic Rainfed 5/5/2021 P1828AM 4.84 3.02   35.28 51.98 

Riley Rainfed 4/28/2021 P1151AM 5.90 2.15   58.9 33.8 
 
 
 

  
Figure 1. Average corn grain yield (bu acre-1) as affected by the N rate treatments (lbs N 
acre-1) across irrigated (A) and rainfed (B) locations.  

 
 
 

 
Figure 2. Average corn grain yield (bu acre-1) as affected by N fertilizer managements 
treatments (lbs N acre-1) across irrigated (A) and rainfed (B) locations. The horizontal line 
indicates the yield attained with the urea broadcast application method. 
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Figure 3. Average N agronomic efficiency (NAE) represented in lbs lbs-1 as affected by 
N fertilizer rate treatments (lbs N acre-1) across irrigated (A) and rainfed (B) locations. 

 
 

 
Figure 4. Average N agronomic efficiency (NAE) represented in lbs lbs-1 as affected by 
N fertilizer management treatments (lbs N acre-1) across irrigated (A) and rainfed (B) 
locations. The horizontal line indicates the yield attained with the urea broadcast 
application method. 
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