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Accomplishments for First Year:   

Research was initiated in 2004 to examine the agronomic performance and cost-
effectiveness of polymer-coated urea compared to conventional N fertilizer sources under 
different soil moisture and drainage conditions and to assess environmental N losses under these 
conditions.  A two-year field trial was started in 2004 utilizing the University of Missouri 
Drainage and Subirrigation (MUDS) trial at the MU Ross Jones Farm in Northeast Missouri.  
Treatments consisted of 150 ft long plots planted to corn containing treatments of: i) no drainage 
or subirrigation, ii) drainage with tile drains spaced 20 ft apart and no subirrigation, iii) drainage 
with tile drains spaced 20 ft apart and subirrigation, and iv) no drainage and overhead sprinkler 
irrigation according to the Woodruff irrigation scheduling chart .  The drainage/irrigation plots 
were then split into N fertilizer treatments of either broadcast pre-plant-applied urea or polymer-
coated urea (ESN, Agrium) at rates of 0, 125, and 250 lbs N/acre.  Each treatment combination 
had 4 replications.  All corn plots were chisel plowed in the fall and N treatments incorporated in 
the spring with a field cultivator. 

 
Changes in soil volumetric water content and temperature due the effects of drainage and 

irrigation over the growing season were continuously monitored in two replicates of the field 
experiment using Campbell Scientific data loggers and soil moisture and temperature sensors.  
The sensors were installed at depths of 6 and 18 inches in the middle between drainage tile lines 
and in the control and high rate of urea fertilizer. 

 
The fate of applied fertilizer N was monitored by periodic soil sampling to determine 

changes in soil inorganic N (NH4
+-N and NO3

--N) by depth, by NO3
--N analysis of water 

samples collected from suction lysimeters installed at depths of 6 and 18 inches, and by 
measurement of nitrous oxide (N2O) gas flux.  N2O gas was collected using small sealed 
chambers fitted with rubber septa inserted into PVC collars in the soil.  The head space gas was 
collected from the chambers in the different treatments and analyzed by gas chromatography 
(GC). Crop N recovery of applied fertilizer N due to the treatments was determined by 
measurement of total aboveground biomass (silage) at two different times during the season and 
at physiological maturity and by total N tissue analysis.   

 
Rainfall during the 2004 cropping year was above average in the spring and consistent 

throughout the summer (Fig. 1).  Due to timely rainfall, corn grain yields were above average 
and corn yield response to added N fertilizer averaged approximately 94 bu/acre higher than the 



Page 2 

check plots receiving no N fertilizer (Fig. 2).  In addition, the plots with drainage generally 
outyielded the non-drained plots by 23 to 31 bu/acre.  Yield increases due to use of polymer-
coated urea compared to conventional urea N fertilizer were primarily observed in the plots with 
no drainage or supplemental irrigation and ranged from an average of 14 to 20 bu/acre (Fig. 2). 

 

 

Fig. 1. Daily and cumulative rainfall at the Ross Jones Farm during the  
 2004 cropping season. 

Fig. 2. Corn grain yield response in 2004 to applications of conventional and  
 polymer-coated urea (ESN) under different drainage and irrigation  
 treatments. 
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Nitrate-N levels contained in suction lysimeter water samples at depths of 6 and 18 
inches were highly variable and collection of samples only began 60 days after the N fertilizer 
was applied (DAN) since insufficient water was in the soil to enter the suction lysimeters until 
that date (Fig. 3).  Despite the high variability in NO3

--N contained in the water samples, the 
NO3

--N was generally higher in the urea-treated plots compared to the polymer-coated urea in 
the beginning of the season (60, 68 and 85 DAN) and then lower later in the season (139 and 158 
DAN). 

 
Table 1 shows gaseous N2O loss or flux resulting from the different drainage/irrigation 

and N fertilizer treatments at 3 of the 11 dates sampled during the growing season. Loss of N2O 
was affected by changes in soil temperature and soil water content that occurred due to rainfall 
and the different drainage and irrigation treatments.  Gas measuring chambers were placed 
between tile drainage lines to avoid differences in soil water content over and between the tile 
lines within each plot.  Due to the high variation in the measured flux, few statistical differences 
were observed although the polymer-coated ESN N source tended to reduce N2O flux in the no 
drainage/overhead irrigation treatment 5 and 63 days after N application. 
 
Table 1. Nitrous oxide gas flux over the growing season resulting from applications of  
 conventional and polymer-coated urea under different drainage and irrigation  
 treatments. 
______________________________________________________________________________ 
 
 Drainage/ N                           Days after N application                             
 Irrigation fertilizer 5 63 168 
______________________________________________________________________________ 
 lb N/acre ------------------ g N2O-N/ha/day ------------------------- 
 
 No drainage/ Check 7.2 10.1 2.7 
 No irrigation 250 Urea 21.5 29.3 12.3 
  250 ESN 19.6 61.4 7.5 
 
 Drainage/ Check 10.6 49.7 7.2 
 No irrigation 250 Urea 19.0 50.1 10.2 
  250 ESN 5.0 20.6 11.5 
 
 No drainage/ Check 36.1 60.1 13.2 
 Overhead 250 Urea 49.2 573.6 71.3 
 irrigation 250 ESN 10.0 199.7 95.6 
 
 Drainage/ Check 32.0 29.7 3.9 
 Subirrigation 250 Urea 31.7 31.7 4.6 
  250 ESN 36.6 62.2 23.7 
 
 DMRT (0.05) 30.4 NS 92.8 
______________________________________________________________________________ 
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Fig. 3. Nitrate-N contained in water samples collected from suction lysimeters  
 installed at A) the 6 inch depth and B) the 18 inch depth in plots receiving 
 different rates of conventional or polymer-coated urea (ESN).  The values  
 are averaged over the drainage/irrigation treatments. DAN = days after N 
 fertilizer applied. 
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Two graduate students (one M.S. and one Ph.D. student) are receiving their training 

working on this project for their thesis research in soil science.  The research results were also 
presented to growers and agricultural professionals at the 2004 Greenley Center Field Day in 
Northeast Missouri. 

 
Objectives for Year 2:   

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

 
1. To determine the effects of spatial and climatic variation in soil water content and soil 

drainage on crop response and soil N loss from N fertilizer applications. 
2. To examine the use of slow release N fertilizer to reduce N loss under different soil 

moisture conditions. 
3. To evaluate the cost-effectiveness of applying slow release fertilizer compared to pre-

plant applications of conventional urea fertilizer. 
 
The field study will be repeated for a second year to assess variation in climate on crop 

performance and N use efficiency in response to the drainage/irrigation and N fertilizer 
treatments.  In addition, the Ph.D. student is working on using the data from the first year results 
to validate computer simulation models which may assist in predicting the fate of applied N 
fertilizer under different soil moisture conditions.  A laboratory experiment will also be 
conducted by the M.S. student to examine the effects of differences in soil water content on 
denitrification losses from applied urea and polymer-coated urea.  An economic analysis will be 
determined using the results from the field study at the end of the second year of research to 
compare the cost-effectiveness of the two N fertilizer sources over the two years of the study. 
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Proposed Budget for Year 2: 
 

CATEGORIES YEAR TWO 
A. Salaries 
Ph.D. Graduate Research 
Assistant (50%) 

 
$15,198 

B. Fringe Benefits 
Fringe for research specialist 

 
$1,340 

TOTAL SALARIES AND 
FRINGE BENEFITS 

 
$16,538 

C. Travel 
Travel to field site 
Travel to professional meeting 

 
$375 
$300 

TOTAL TRAVEL COSTS $675 
D. Equipment $0 
TOTAL EQUIPMENT 
COSTS 

 
$0 

E. Other Direct Costs 
Laboratory reagents and supplies 
Field supplies 
Publications/Documentation 

 
$2,000 
$1,500 

$500 
TOTAL OTHER DIRECT 
COSTS 

 
$4,000 

TOTAL REQUEST $21,213 
 

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 Ross Jones Farm at a rate of 37.5 ¢/mile.  In the second year, 
$300 is requested to cover cost of travel and board for one researcher to attend a professional 
conference for presentation of results. 
 
Equipment:  None requested. 
 
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. 
 
Publications/Documentation:  Defrays cost of publication and documentation of results and 
conclusions. 

 


