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Accomplishments for First Year:   
 

Research was initiated in 2007 to collect information related to spatial and temporal 
differences in soil water content and soil N availability across agricultural fields containing low-
lying or depressional areas, to determine the spatial variability in crop response and N use 
efficiency due to application of different enhanced efficiency N fertilizer sources, and to develop 
and validate a computer program that would delineate the high risk N loss areas in a form that 
could be used for variable source N fertilizer application.  

 
A field trial was established in 2007 at the University of Missouri Greenley Experiment 

Station in Northeastern Missouri.  This field was previously mapped for elevation with a total 
station surveying instrument and apparent electrical conductivity (ECa) using an EM-38 sensor. 
Measurement of soil ECa gives an indication of relative depth to the claypan subsoil layer 
(Kitchen et al., 1999).  The field was selected because it contained contrasting landscape 
positions, including low-lying areas, and differences in depth to the claypan layer.   

 
The field was separated into 10 x 750 foot plots which passed through the low-lying and 

sideslope areas in the field.  Nitrogen fertilizer treatments of a control and 150 lb N/acre of urea, 
polymer-coated urea (ESN, Agrium, Inc.), urea + NBPT (N-(n-butyl) thiophosphoric triamide) 
urease inhibitor at 1 gal/ton (Agrotain, Agrotain International), and urea + nitrapyrin nitrification 
inhibitor at 1 qt/acre (N-Serve, Dow AgroSciences) were applied in the spring prior to planting 
of corn.  All the N fertilizer treatments were incorporated using a cultivator immediately after 
application.  The experimental design was a randomized complete block with 4 replications. 

 
In each plot, sampling points were set up every 30 feet across the field to allow for 

periodic collection of soil samples from the 0 to 6 and 6 to 12 inch depths during the growing 
season for determination of soil water content and soil inorganic N (ammonium and nitrate-N).  
Three subsamples were taken at each point and composited.  All the sampling points were 
georeferenced using a differential GPS.  Figure 1 shows the distribution of soil water content on 
June 4th indicating the variation in soil water content that occurred across this field.  Two 
additional soil samplings were taken during the growing season. 

 
Chlorophyll readings were taken using a SPAD 502 Chlorophyll meter (Minolta Corp.) 

on 10 ear leaf subsamples per 28 foot row between the sampling points on July 30th.  Ear leaf 
samples were also collected on the same day for determination of tissue N concentration.  Corn 
grain was harvested from the 28 foot row length between the sampling points on Sept. 19th using 
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a two-row plot combine.  Table 1 shows the average grain yields and chlorophyll meter readings 
across each plot.  Based on this analysis, all the N fertilizer applications significantly increased 
grain yields over the control but only polymer-coated urea (PCU) had higher grain yields 
compared to urea.  The chlorophyll meter readings, which are a relative measure of the N status 
of the plant, were significantly higher when N fertilizer was applied.  The PCU treatment was the 
only enhanced N fertilizer treatment which had a significantly higher average chlorophyll 
reading compared to the urea treatment. 

 
A problem with this analysis is it does not show the variation in grain yields that occurred 

across the field.  Figure 2 shows the large variation in grain yield that was observed at the 
different elevations in the field in response to the N fertilizer treatments.  The highest yields 
tended to occur in the lowest landscape positions of the field.  An initial approach we are using 
to determine the areas in the field which would have the greatest grain yield response to the 
enhanced efficiency fertilizers is to map the differences in yields between urea and the enhanced 
efficiency fertilizer.  Figure 3 shows the results of mapping the difference in yield between the 
PCU-treated plots and the urea-treated plots.  Yield differences which are positive indicate that 
the PCU-treated area outperformed the urea-treated plots. When this yield difference is zero or 
negative then urea was equivalent to or outyielded PCU.  Based on these yield differences and 
the relative price difference between urea and PCU, we also mapped the net economic return 
from using PCU versus urea (Figure 3).  The result shows a low-lying region in the field which 
had greater yield response to the PCU fertilizer and which provided greater net economic return.  
The areas determined by yield and economic difference will be compared to the areas that will be 
delineated using software that predicts where soil water content will be higher in the field based 
on differences in the field’s topography.  This comparison will allow for a validation of the 
ability of the software to predict where the enhanced efficiency fertilizer can optimally be 
applied in the field using a multi-bin spreader.   

 
Outreach and Training: 

 
A M.S. graduate student in soil science and undergraduate students majoring in 

environmental science have been involved in working on this project as part of their training.  
The first year research results were presented to growers and agricultural professionals by the 
M.S. student at the 2007 Greenley Center Field Day in Northeast Missouri. 

 
Objectives for Year 2:   
 

The objectives for the second year of this research will be similar to the first year.  These 
objectives are: 

 
1. To collect information related to spatial and temporal differences in soil water content 

and soil N availability across a field containing low-lying or depressional areas. 
 

2. To determine the spatial variability in crop response and N use efficiency due to 
application of different N fertilizer sources including conventional urea and polymer-
coated urea. 
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3. To develop and validate a computer program that would delineate the high risk N loss 
areas in a form that could be imported into the controllers of multiple bin spreaders to 
allow for variable source N fertilizer application. 
 
The field studies will be repeated for a second year to assess variation in climate on crop 

response to the enhanced efficiency N fertilizers.  In addition, we will develop the software or 
procedures to delineate the region in fields with claypan soils which have the greatest potential to 
respond to the enhanced efficiency fertilizers.  An economic analysis will be included since the 
difference in relative price for the enhanced efficiency N fertilizer and urea may also affect the 
area in which that enhanced efficiency fertilizer may be applied in order to optimize economic 
return and reduce environmental N losses.
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Table 1. Average grain yields and chlorophyll readings across the field in 2007 due to 
applications of different enhanced efficiency N fertilizers.   

 
 
 
 
 
 
 
 
 
 
 

 
† Urea + urease inhibitor 
§ Urea + nitrification inhibitor 
* LSD(0.05)  = Least Significant Difference at p < 0.05 
 

  Chlorophyll 
N treatment Grain yield reading 

 -- bu/acre -- - Spad units - 
Control  70.0  33 
Urea  130.1  51 
PCU  150.5  55 
Urea + UI†  133.4  53 
Urea + NI§  136.8  52 
   
LSD(0.05)*  15.0  3 
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Figure 1.  Map of soil water content distribution in the 0 to 6 and 6 to 12 inch 
depths in the experimental field on June 4, 2007.  Lines represent the contour 
intervals with elevations above sea level given in meters. 
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Figure 2.  Map of variation in corn grain yields across the experimental field 
due to differences in N fertilizer treatment and landscape position.  Contour 
lines and color shading show differences in elevation relative to the yields. 
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Figure 3.  Map of grain yield differences between the PCU- and urea-treated plots 
across the field.  Second map shows the variation in net economic return for applying 
PCU versus urea.  These maps will be used for validating the method for delineating 
the area for application of the enhanced efficiency N fertilizer.  Numbers along 
contour lines are elevation in meters above seas level.  
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Proposed Budget for Year 2: 
 

CATEGORIES YEAR TWO 
A. Salaries 
M.S. Graduate Research 
Assistant (50%) 

 
$14,100 

 
B. Fringe Benefits 
Fringe for graduate student 

 
$1,995 

TOTAL SALARIES AND 
FRINGE BENEFITS 

 
$16,095 

C. Travel 
Travel to field site 
Travel to professional meeting 

 
$623 
$500 

TOTAL TRAVEL COSTS $1,123 
D. Equipment $0 
TOTAL EQUIPMENT 
COSTS 

 
$0 

E. Other Direct Costs 
Laboratory reagents and supplies 
Field supplies 
GIS and Modeling (CARES) 
Publications/Documentation 

 
$3,000 
$1,500 
$1,000 

$500 
TOTAL OTHER DIRECT 
COSTS 

 
$6,000 

TOTAL REQUEST $23,218 
 

Justification: 
Salaries and Fringe Benefits:  Funds are requested for support of a graduate research assistant 
(50% time) based on set rates at the University of Missouri.  Fringe benefits for the graduate 
student cover the cost of health insurance.  
 
Travel:  Covers cost of travel to Greenley Farm at a rate of 44.5 ¢/mile.  In the second year, $500 
is requested to cover cost of travel and board for one researcher to attend a professional 
conference for presentation of results. 
 
Laboratory Reagents and Supplies:  Covers cost of laboratory reagents, sample containers, and 
other materials used in soil and plant tissue analyses. 
 
Field: Cost of fertilizer, seed, plot preparation, planting, weed control and harvesting, soil 
samplers, flags, pots and other field supplies and operations. 
 
GIS and Modeling: Covers the cost of GIS and modeling support provided by the Center for 
Agricultural, Resource and Environmental Systems (CARES) at the University of Missouri. 
 
Publications/Documentation:  Defrays cost of publication and documentation of results and 
conclusions. 


