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Abstract 

 

Current nitrogen (N) fertilizer management practices for vegetable farming have led to elevated levels 
of nitrate-nitrogen in the local groundwater. A study was conducted at the Hancock Agricultural 
Research station to determine if controlled release fertilizer, specifically Environmentally Smart 
Nitrogen (ESN®), could reduce groundwater N concentration. Field experiments were conducted 
using Russet Burbank potato and Overland sweet corn, planted in Plainfield sand. Four fertilizer rates 
in potato were evaluated: 1) 0 N control, 2) 224 kg ha-1 of N as ESN®, 3) 280 kg N ha-1 as ESN®, 
and 4) 280 kg N ha-1 as a split application of ammonium sulfate (AS) and ammonium nitrate (AN). 
Sweet corn fertilizer rates were: 1) 0 N control, 2) 168 kg N ha-1 as ESN®, 3) 168 kg N ha-1 as AS-
urea-urea, and 4) 224 kg N ha-1 as AS-urea-urea. Both studies included three replicates to create 
twelve 14.6 m by 15.2 m field plots. Three groundwater monitoring wells placed diagonally across 
plots were installed and sampled weekly during the growing season and monthly during winter for 
assessing nitrate. Bromide tracer was used to evaluate solute flux and spatial distribution of N 
leaching potential among plots. Bromide tracer showed that plot size was sufficiently large with no 
plot-to-plot contamination from N migration and the time for groundwater to flow to adjacent plots is 
longer than the growing season. Therefore, in-season contamination is minimal, and thus nitrate 
measurements were from respective plots. Trends indicate that ESN® reduced the amount of nitrate 
leaching to groundwater. However, highly variable background nitrate concentrations in the 
groundwater made it difficult to show statistical significance. The effective use of groundwater 
monitoring wells requires careful consideration of depth to groundwater, groundwater flow direction, 
and variability of groundwater nitrogen concentration. 

 
Introduction 

 
Nitrate contamination from agricultural processes is a significant problem in the Central Sands Area 
(CSA) of Wisconsin. Given the sandy nature of soils in the CSA they have a small amount of organic 
matter and limited nutrient and water holding capacity. These characteristics require intensive 
management of agriculture for adequate crop production. It has been documented that elevated 
fertilizer rates, and to some extent extensive irrigation, has contributed to concentrations of nitrate-N 
in the groundwater that are 2-4 times the Minimum Contaminant Level (MCL) of 10 ppm as 
recommended by the U.S. EPA (EPA, 2009). Elevated levels of nitrate from reactive N and its 
derived pollutants in water may be hazardous to human health via three main pathways. These 
pathways are the formation of methemoglobin resulting in blue baby syndrome, indirectly by the 
eutrophication of surface waters, and by the formation of carcinogenic N-nitroso compounds (Wolfe 
and Patz, 2002). 
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Controlled-release fertilizers, in particular ESN® (Agium, Inc, Denver, CO) show promise in 
reducing the amount of nitrogen reaching groundwater. Previous studies evaluating the significance 
of fertilizer type on nitrogen leaching using ESN® have concentrated on the root zone, and data from 
these studies on controlled-release nitrogen fertilizer indicate reduced leaching (Wilson et al., 2010). 
However, determining the impact of contolled-release fertilizers and nitrate reaching groundwater has 
only been inferred from these root-zone measured data (Shrestha et al., 2010), and no study has been 
conducted that has directly monitored fertilizer effect on groundwater nitrate concentrations in the 
CSA area. 
 
Controlled-release fertilizers must produce yields similar to the yields of traditional management 
methods at comparable cost if it is to be rapidly adopted as a management practice by growers. The 
use of ESN® effectively increased potato yield and quality when compared to urea applied in split or 
single applications, appears to have improved N use efficiency, with reduced rates proving to be more 
effective than the grower’s standard practice full rates, and has the potential to reduce residual soil 
nitrate. Therefore, ESN® may result in reduction in groundwater contamination (LeMonte et al., 
2009).  
 
Previous research at the Hancock Agricultural Research Station indicates that water and solute 
applied uniformly to soil surfaces did not flow through the entire vadose zone, but rather preferential 
flow paths constituted the dominant flow pattern in this soil (Kung, 1990). Preferential flow paths, 
such as finger flow and funnel flow, may affect location where solute enters the water table as well as 
measured concentration levels (Brown et al., 2000). It has been shown that Br- and nitrate-N also 
move at comparable rates through the unsaturated zone in the Plainfield sand (Saffigna and Keeney, 
1977). The placement of wells is very important in determining effect of solute flux on groundwater 
quality (Kung, 1990). Given Kung’s findings, researchers at the Hancock Agricultural Research 
Station have moved to so-called large-scale plots that are on the order of 15 × 15 m in anticipation of 
avoiding the preferential flow problem. Therefore, we need to assess the fate of nitrogen fertilizer 
applied to these large-scale plots and determine whether a groundwater well sampled within a given 
plot represents NO3-N concentrations specific to that plot. Conservative tracers can be applied, 
measured, and assessed to determine if the preferential flow paths are present and affecting the NO3-
N measurements. 
 
The objective of our study was to investigate fertilizer effect on groundwater NO3-N concentration, 
yields, and plant growth parameters in sandy soils under potato production, using the best 
management practices currently available compared with new controlled release, polymer coated urea 
(PCU) technology. We also wanted to determine if a so-called large-scale 15 by 15 m plot size, which 
has been widely used recently at the Hancock Agricultural Research Station for solute flow studies, is 
of sufficient size that vertical preferential flow paths would not move solute to a neighboring plot 
through the application of conservative tracers. 
 

Materials and Methods 
 

This study consisted of a field experiment was conducted at the Hancock Agricultural Research 
Station in a Plainfield Loamy Sand soil. The study included twelve 14.63 m by 15.24 m plots, in a 
randomized complete block design, dividing the field into two strips, which were six plots long. The 
study used four fertilizer treatments in three blocks (Fig. 1). Each replicate consisted of applications 
of a 0 N control, 224 kg N ha-1 as ESN® (LPCU), 280 kg N ha-1 as ESN® (RPCU), and 280 kg N ha-1 
as AS-AN (RCONV). Potatoes were planted on 29 April 2010 and 25 April 2011. In 2010, ESN® 
was applied 19 days after planting (DAP) and conventional fertilizer was split, with 1/3 applied as AS 
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also at 19 DAP and 2/3 applied as AN at 35 DAP.  Potato fertilization in 2011 was split with AS 
application on 28 and AN application on 60 DAP. Fertilizer was applied by hand on the top of the 
hill, incorporated mechanically during hilling. Three groundwater monitoring wells were installed in 
each plot, and wells were installed at a depth of 9.75 m from the soil surface, with 1.5 m screens in 
2010. Wells were installed approximately 3.35 m below the water table, leaving the top of the screen 
2.13 m below the water table. This was done to account for seasonal drawdown of the water table 
from agricultural activities.  The second year wells were installed at a depth of 9.14 m with 2.28 m 
screens at 1.52 m of depth into the water table. Second year wells were installed such that the water 
table intersected the well screen for the entire growing season. Sweet corn followed potato in each 
year, and was planted on 27 May 2011 and 29 May 2012. Fertilizer treatments were a 0 N control, 
168 kg N ha-1 as ESN® (RPCU), 168 kg N ha-1 as AS-Urea-Urea (RCONV), and 224 kg N ha-1 as 
AS-urea-urea (HCONV). Fertilizer was applied to the soil surface by hand and not incorporated. The 
ESN® was applied at planting both years. Conventional fertilization was split with applications at the 
V5, V8, and tassel stages as AS, urea, and urea respectively. In 2011 V5 fertilization was on 25 DAP, 
V8 fertilization was 39 DAP, and tassel fertilization on 67 DAP. In 2012 V5 fertilization was on 29 
DAP, V8 fertilization on 42 DAP, and tassel fertilization on 57 DAP.  Bromide was applied to two 
plots on 14 October 2010 after the first potato growing season and on 9 March 2012 prior to the 
second corn growing season at a rate of 112 kg ha-1. 

	
  
Figure 1. Plot diagram and well locations for both years of potato and sweet corn. 

 
Laboratory analysis was done using microplate methods. Nitrate determination was completed with 
the single vanadium chloride reagent method used by Doane and Horwath (2003). Bromide used a 
colormetric method from Lepore and Barak (2009). 
 
Potatoes were harvested 123 DAP in 2011 and 140 DAP in 2012. Potato yields were obtained by 
mechanical harvesting of 3.05 m sections of four rows in each plot, and graded at the Hancock 
Agricultural Research Station. The mechanical grader separated potatoes into B grade (<85 g), 85 to 
113, 114 to 170, 171 to 283, 284 to 368, 369 to 454, and > 454 g. Culled (damaged or diseased) 
potatoes were removed manually. Yields are reported as marketable, which excludes B grade and 
culled potatoes, or total, which includes all grade sizes and culls. Sweet corn was harvested on 89 
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DAP in 2011 and 77 DAP in 2012 and yields were obtained from the hand harvesting of 4 6.1 m rows 
in each plot and are reported in total fresh weight and dry weight. 
 

Results and Discussion 
 
Yield 
Neither year showed statistically significant differences between yields in treatments receiving N 
suggesting that ESN® can produce as effectively as conventional practices. Potato yields were greater 
in 2011 compared to 2010. In 2010 weather was above average in warmth and above average in 
precipitation compared with 2011 which was dry and warm. The ESN® release rate is dependent on 
temperature, and with a warmer year, may have released N more quickly and then the increased 
precipitation caused it to leach at a rate faster than plant uptake. This would have also been the case 
with the AS-AN plots, which could explain why the yield differences are not statistically significant. 
This is important as ESN® produced equivalent yields as conventional techniques in an anomalous 
weather year. The dry 2011 most likely helped minimize leaching and yields increased as compared 
with 2010. Previous studies show ESN® has produced generally higher yields (of potato) than 
conventional management practices(Wilson et al., 2010). 
 
Sweet corn yields were greatest in the conventional treatments. The dry weather conditions in both 
years limited leaching of nutrients from the soil profile. The benefit of controlled release fertilizer is 
withstanding significant leaching events from rainfall, and with little rainfall in the 2011 and 2012 
growing season, the main benefit of controlled release fertilizer was not realized. 
 
Nitrate 
There were no significant differences between treatments and with respect to groundwater nitrate 
concentration. There was a large amount of variability in nitrate concentrations indicated by the large 
range of significant differences (Fig. 2), and weekly standard error bars (Fig. 3). After years of 
constant decline, the water table elevation increased by 1.0 m during the 2010 growing season, and 
this resulted in the well screens being approximately 3 m below the surface of the groundwater. The 
N measurements for 2010 are therefore reflective of the bulk groundwater, not the nitrate reaching the 
water table surface (the interface of the saturated and unsaturated zones). On 14 October 2010, the 
middle well in each plot was raised such that the well screen intersected the water table. Afterward, 
nitrate concentrations increase, and a large flush of nitrates was also seen during the spring thaw, and 
as noted by Zvomuya et al (2003) this may occur as a PCU may release nitrogen after crop removal 
which can be observed during spring thaw. The potato field in 2011 had lower initial nitrate 
concentrations as compared with 2010, and several wells had N concentrations less than the EPA 
MCL. However, with wells that had screens intersecting the water table for the entire growing season, 
there were still no statistically significant differences between treatments. A winter flush of N was 
also observed in 2011. 
 
Sweet corn nitrate concentrations show similar variability and there were no statistically significant 
differences between treatments. All wells had screens that intersected the water throughout the 
sampling period. 
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Figure 2.Measured average nitrate-nitrogen concentrations for the 2011 potato growing season 

through the winter of 2011. RCONV – 280 kg N ha-1 as 93 kg ha-1 ammonium sulfate 
applied at emergence and 187 kg N ha-1 as ammonium nitrate, RPCU – 280 kg N ha-1 as 
ESN® applied at emergence, LPCU – 224 kg N ha-1 as ESN® applied at emergence. 

	
  
Figure 3.Measured average nitrate-nitrogen concentrations for the 2011 potato growing season 

through the winter of 2011 with error bars inserted. RCONV – 280 kg N ha-1 as 93 kg ha-1 
ammonium sulfate applied at emergence and 187 kg N ha-1 as ammonium nitrate, RPCU – 
280 kg N ha-1 as ESN® applied at emergence, LPCU – 224 kg N ha-1 as ESN® applied at 
emergence. 
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Bromide Tracer 
Bromide breakthrough only occurred in wells within the applied plots (Fig. 4 and 5). This indicates 
that plot size is large enough to account for preferential flow from the soil surface to the water table. 
Bromide breakthrough took 3 weeks in 2010, because transport was supported by water input of 3.5 
cm every 3 days. In 2012, when only natural rainfall and in season irrigation provided transport, 
breakthrough occurred after 8 months. The summer of 2012 was very dry, and this shows the 
importance of frequency and intensity of water input on the time it takes for surface applied 
chemicals to reach the groundwater. After reaching the groundwater, bromide moved to adjacent plots 
from transport due to groundwater flow. The flow in this area is to the southwest, and is indicated by 
bromide breakthrough in the plots located to the southwest of the applied plots. Some bromide 
occurred in plots to the direct south in the first potato field. This breakthrough is indicative of 
irrigation pumping and the field’s location within the cone of depression of the irrigation well. 
 

	
  
Figure 4. Bromide concentrations in the north six plots of the second field where bromide was applied 

on 9 March 2012. The first sample date represents the day on which bromide was applied. 
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Figure 5. Bromide concentrations in the south six plots of the second field where bromide was applied 

on 9 March 2012. The first sample date represents the day on which bromide was applied. 

 
 

Conclusions 
 
The controlled-release product ESN® shows promise in limiting the amount of nitrate that 
accumulates in the bulk groundwater. However, monitoring methods and well positioning are critical 
for accurate assessment of leaching to the water table surface. Management practices using 
controlled-release fertilizers could be adopted by potato farmers in sandy soils requiring intensive 
fertilization, however more research should be conducted with sweet corn. However, attention needs 
to be placed on depth of well, length of well screen, direction of groundwater flow, proximity to 
irrigation wells, and the duration of experiment. Additional data analysis will be completed to 
determine the effect of evapo-transpiration on the rate at which solute moves to the groundwater. 
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