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ABSTRACT

In a series of field studies, differing rainfall patterns within the first month after N fertilizer application to a coarse-textured

soil significantly affected yields and N-use efficiency of irrigated corn (Zea mays L.), and responses varied with N source.

A laboratory study was conducted to evaluate effects of N source with precipitation following N application to a coarse-textured

soil. Nitrogen sources included urea-ammonium nitrate solution (UAN), UAN with additives of either nitrapyrin (2-chloro-6-

[trichloromethyl] pyridine) as a nitrification inhibitor or maleic-itaconic acid copolymer as a urease and nitrification inhibitor,

or polymer-coated dry urea (PCU). These products were applied to soil in chambers from which ammonia (NH;) volatilization

and nitrate (NO;") leaching were measured over 31 d following fertilization. Precipitation events simulated rainfall frequencies

and amounts that occurred in field studies in dry and wet conditions. Ammonia volatilization was lower in wet than dry condi-

tions. Total NH; loss for the dry precipitation regime ranged from 11 to 18% of applied N fertilizer for all treatments except PCU

(<1%). In contrast, all treatments in wet conditions had low NH; loss (<1% of applied N). However, substantial NO;~ leaching

occurred with wet conditions, comprising 48 to 66% of applied N for most treatments. Leaching loss was the greatest for UAN,
followed by UAN with additives. For either dry or wet environments, losses of N from PCU to either NH; volatilization or NO5~

leaching were negligible.

Urea is the primary source of inorganic N fertilizer
used in agriculture throughout the world due to its relatively
low prices compared to other N fertilizers (FAO, 2006). The
most common N mixture is urea-ammonium-nitrate solution
(UAN, 28-32% N), mainly used in the United States (Eco-
nomic Research Service, 2013). Approximately half of the N
in UAN is urea-N. A concern with urea-based fertilizers is the
risk of N loss via NH  volatilization. Another pathway of sub-
stantial N loss that further reduces the utilization efficiency of
urea or UAN is the risk ofNO3_ leaching (Dawar et al., 2011;
Prakash et al., 1999; Rawluk et al., 2001).

Chemical compounds can be added to urea fertilizers to
inhibit transformations of N to reduce N loss and increase
urea-N use efficiency. Urease and nitrification inhibitors can
prevent the conversion of urea to ammonium (NH,*) and
NH,* to NO;7, respectively. Various urease and nitrification
inhibitors have been tested for effectiveness to decrease N
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loss (Bundy and Bremner, 1973; Franzen, 2011). Nitrapyrin
is considered one of the most effective nitrification inhibitors
(Soares et al., 2012; Wolt, 2004). Copolymers such as maleic-
itaconic acid copolymer are claimed to act as urease inhibitor
and reduce NH3 volatilization (Sanders et al., 2004). However,
Chien et al. (2014) reported that copolymer was not effec-
tive in inhibiting urea hydrolysis in contrast to N-(n-butyl)-
phosphoric triamide (NBPT), which is the most widely used
urease inhibitor (Chien et al., 2009). Urease inhibitors inhibit
urea hydrolysis through inhibiting urease activity for periods of
time, depending on water and temperature (Dawar et al., 2011;
Zaman et al., 2008). The activity and effectiveness of inhibi-
tors will be influenced by complex interactions among crop
management, soil, and environmental factors (Keeney, 1980;
Murphy and Ferguson, 1997). Consequently, performance of
inhibitors and impact on grain yield can vary substantially.
Polymer-coated or controlled release N fertilizers are
designed to release N into the soil solution at a rate that
approximately matches crop N demand, thus maximizing
N-use efficiency by limiting N losses (Golden et al., 2011;
Malhi et al., 2001; Shaviv et al., 2003). Studies have found that
controlled-release N fertilizers can restrict NO, ™ leaching on
sandy soils, as well as restrict losses to the atmosphere (Allen,
1984; Wang and Alva, 1996). The benefits of controlled-release
N fertilizers in increasing crop yield and N-use efficiency have
varied substantially depending on soil and climatic conditions.
Grant et al. (2012) found that the use of controlled-release N

Abbreviations: IN, Instinct; NS, Nutrisphere-N; PCU, polymer-coated dry
urea; UAN, urea-ammonium nitrate solution.
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fertilizer did not provide a consistent improvement in crop
yield or N-use efficiency. Noellsch et al. (2009) found that
controlled-release N fertilizer may increase corn yield in a
claypan soil landscape compared to use of urea. Historically,
controlled-release N fertilizers have been used primarily for
turf and high-value crop applications due to their high cost.
The PCU, Environmentally Smart Nitrogen (ESN, Agrium
Inc., Calgary, AB), is marketed for use on agronomic crops
such as corn and wheat (T7iticum aestivum L.). Nitrogen release
is governed by soil temperature and soil water, generally over a
period of 30 to 60 d and the polymer coating slows the release
during this time. Polymer-coated urea has shown advantages
compared to ammonia nitrate, urea, or UAN, but relative per-
formance can vary with rainfall, fertilizer placement, and soil
texture (Nelson et al., 2008).

A field study conducted from 2009 to 2011 in Merrick
county, Nebraska evaluated the performance of UAN alone,
UAN with inhibitors, and PCU on coarse-textured soils in an
irrigated corn production system (R.B. Ferguson, unpublished
data, 2013). In all 3 yr, yield and N-use efficiency were signifi-
cantly higher with PCU than with UAN, or UAN with inhibi-
tors added. In all 3 yr, precipitation patterns during the first
30 d after fertilizer application appeared to be conducive to N
loss, though by different mechanisms depending on the year.
In 2009, little rainfall occurred during the first 30 d (25 mm),
likely favoring NH; volatilization. In 2010, 248 mm rainfall
occurred in the first 30 d, and 135 mm rain fell in the first 30 d
in 2011, likely favoring N loss via NO;~ leaching. Crop yields
in all N treatments were lower in the wet years than in the dry
year. Direct measurements of N loss was not possible in these
field studies. In this laboratory study, NH; and NO; ™ losses
were measured directly in soil incubations that simulated 2009
and 2011 precipitation to better understand the mechanisms
impacting yield and N-use efficiency in the field.

MATERIALS AND METHODS

The soil used in this study was Ipage fine sandy loam (mixed,
mesic Oxyaquic Ustipsamment). Soil (0-20 cm) was collected
from the field, brought to the laboratory and sieved through
a2-mm screen after air drying. Soil organic matter (OM) was
1.4%, pH (water) was 7.1, available K (ammonium acetate
extraction) was 95 mg kg™!, and Mehlich-ITI P was 37 mg kg ™.
Soil cation exchange capacity was 50 mmol kg_l. Soil was
leached with same volume of distilled water as of the soil three
times to remove any NO; ™~ accumulated while in storage and
then air-dried and brought to 10% gravimetric water content
(by adding water and thoroughly mixing), followed by storage
at 4°C. Cylindrical acrylic chambers used in the experiment
had a diameter of 50 mm and height of 300 mm. A porous
ceramic plate (105 Pa) was inserted at the bottom of the
chamber, and Whatman 42 filter paper was placed on top of
the ceramic plate before soil packing to prevent soil entry into
the plate. Soil was packed to a bulk density of 1.3 Mgm™ and a
depth of 24 cm on top of the ceramic plate. Airspace of approx-
imately 4 cm was left between the soil surface and the lid of the
chamber. The headspace above the soil surface was occupied by
acid traps used to quantify NH; volatilization (see below).

Fertilizers applied were UAN (32% N) solution, UAN with
Instinct (Dow AgroSciences, Indianapolis, IN) (UAN-IN),

UAN with Nutrisphere-N (Specialty Fertilizer Products,
Leawood, KS) (UAN-NS), and PCU (ESN, 44% N). Instinct

is an encapsulated nitrapyrin (2-chloro-6-[trichloromethyl]
pyridine) formulation that inhibits nitrification of ammonium
(here, UAN) and, thereby, may extend N availability in the root
zone. Nutrisphere-N (maleic-itaconic acid copolymer) isan N
additive sold as an inhibitor of urea hydrolysis and nitrifica-

tion and may limit NH; volatilization and NO;~ leaching and
improve plant N uptake. Agrium (Calgary, AB) produces ESN,
which is urea granule coated with flexible polymer that gradually
permits release of N thereby allowing N to be available longer for
plant uptake. All fertilizers were applied at the rate of 30.6 mg N
per column (equivalent to 50 mg N kg™! soil) and incorporated
into the top 20 mm of soil following application to replicate field
conditions. A fifth treatment was an unfertilized one.

After fertilization, chambers were placed in an incubator that
maintained a daytime (0800- 2000 h) temperature of 25°C, and
anighttime temperature of 18°C. Two water application regimes
were used to simulate time and amounts of rainfall observed in
field studies in 2009 (DRY) and 2011 (WET). Water applica-
tion dates and amounts are shown in Fig. 1. Water was applied
with a syringe at a rate to avoid ponding of water on the soil
surface to prevent water from flowing between packed soil and
inner column walls. On selected dates following simulated rain-
fall, a slight vacuum was introduced into the chamber base for 2
min to facilitate soil water entry into and through the ceramic
plate. Leached soil solution, if any, was removed from the lower
chamber for NH*— and NO;™-N analyses with a continuous-
flow analytical system (Mulvaney, 1996).

Ammonia volatilization was quantified using acid traps.
Two sponges (one 5.5 cm diam., one 6.0 cm diam. and each
1.5 cm thick) were placed in the lid to trap volatilized NH;
(Wang et al., 2004). Each sponge was soaked with 5 mL of
H,;PO ,—glycerol solution (40 mL glycerol, 50 mL concentra-
tion H;PO, acid, 910 mL deionized water). The lower sponge
which was ~ 4 cm above the soil surface served as the primary
trap for NH; emitted from soil, while the upper sponge served
as a buffer for ambient NHj;. These NH; traps were exchanged
with fresh sponges on Days 2, 4, 7, 10, 14, and 21 after fertil-
ization. Trapping sponges were separately shaken in 50 mL of
2 M KClfor 1 h, with the extract being analyzed for NH4+—N.
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Fig. 1. Precipitation amounts after N fertilization, depicting DRY and
WET conditions in a field.
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On the same day that NH; traps were exchanged, soil pH was
measured at the soil surface with a Fisher Scientific pH combi-
nation electrode (model 13-620-290). The pH probe was moist-
ened with deionized water before placing it on the soil surface,
thereby completing contact between the electrode and soil.
Once the pH meter reading was stable, pH value was recorded,
and means of pH values collected at three different points on
the soil surface are reported. There were four replications of
each precipitation regime-N source treatment combination,
placed in the incubator in a completely randomized design.
After 31 d, the study was terminated. The ceramic plate
was removed from each chamber assembly, allowing soil to
be pushed out the top of the chamber. Soil was extracted in
4-cm increments. Soil from each layer was mixed thoroughly,
and then two ~10-g samples were collected—one for soil
water determination, the other for NH, - and NO;-N

DRY

determination. Soil samples were shaken for 1 h with 100 mL
2 M KCl, filtered, and analyzed for NH, ¥~ and NO;™-N
with a continuous-flow analytical system. Destructive sampling
allowed documentation of NH,*— and NO;™-N status in soil
column. In the PCU treatments, remaining fertilizer gran-
ules were removed carefully before pushing out soil from the
chamber and were extracted with 2 M KCI. Extract solution
was then analyzed for NH, *-and NO;™-N using continuous
flow colorimetry and for urea-N using a spectrophotometer
(Douglas and Bremner, 1970).

To elucidate changes in soil N availability on a finer time
scale, the same experiment was conducted again for 10 d, cor-
responding with the time period during which the majority of
NH; volatilization occurred in the 31-d experiment. During
the 10-d follow-up incubation, one replicate of each treatment
combination of N source-precipitation regime was sampled
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Fig. 2. Soil ammonium N distribution at different depths of soil columns that received different N sources in either DRY or WET precipitation regimes

in the 10-d experiment.
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destructively in 4 cm increments on 2, 4, 7, and 10 d after N
application using methods described above and analyzed for
soil NH,*— and NO;™-N.

Fertilizer N losses as volatilized NH; and leached NH, " and
NO;~, or retention as soil residual NH,* or NO;~ (and residual
N in fertilizer granules in case of PCU) was calculated by sub-
tracting corresponding values of NH;, NH,, *—, and NO;~-N
in the unfertilized treatment. Analysis of variance was conducted
using PROC GLM (Carvalho and Quiesenberry, 2012; Hatcher,
2003) to test for N source, precipitation regime, and interaction
effects on dependent variables. If the main effect was significant
(P < 0.05), mean comparisons were conducted using LSD test in
SAS with significance criteria of P = 0.05. Significant interaction
effects of independent variables were measured in SAS with the
slicing method (Littell et al., 2002).

RESULTS AND DISCUSSION

Ten-Day Incubation Experiment

In the UAN treatments (UAN, UAN-IN, and UAN-NYS),
s0il NO;~ movement down the column and over time was
evident in the WET regime (Fig. 2 and 3). At 10 d after
fertilization, soil NO;~ was accumulated at the bottom of the
soil column for the WET regime. In the DRY regime, no such
NO;~ movement was observed, and consequently no NO;~
leaching was observed. In the UAN treatments, some soil
NH,* accumulation to a depth of 16 cm was observed on Day
2 after fertilization in the WET regime. This NH,* accumula-
tion could be due to either NH,* or urea movement down the
column, an action that is possible in coarse-textured soil. Urea
was not measured in these soil samples. However, urea-N can
be accounted for as NH,*-N in the KCl extract (Keeney and
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Fig. 3. Soil nitrate-N distribution at different depths of soil columns that received different N sources in either DRY or WET precipitation regimes in

the 10-d experiment.
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Bremner, 1967). For all N sources, except PCU, most of the
applied N was recovered from the soil. The PCU treatments
had most of the applied N still in fertilizer granules. Nitrogen
loss observed in the 10-d study was comparable to that in the
main (31-d) experiment.

Thirty-One Day Incubation Study
Soil pH

Figure 4 depicts pH at the soil surface under different N
treatments on certain days during the 31-d experiment segre-
gated by irrigation regimes (DRY and WET). For the DRY
treatment, on Days 2 and 4 the soil pH was significantly ele-
vated for UAN, UAN-IN, and UAN-NS treatments, whereas
the PCU treatment soil pH was not different from the unfertil-
ized control. Soil pH rapidly declined for UAN and UAN-NS
treatments, becoming more acidic than the control treatment
on Day 7 and for the remainder of the study. Decreased soil
pH was consistent with NH; loss (Fig. 5) and nitrification as
indirectly evidenced with NO;™-N accumulation in the sur-
face layer in those treatments in the 10-d experiment (Fig. 3).
In the UAN-IN treatment, soil pH declined over time and was
significantly lower than the control treatment from Day 14 to
21, but higher than UAN and UAN-NS treatments. Changes
in pH were consistent with the inhibition of nitrification by
nitrapyrin in this treatment.

For the WET treatment, soil pH declined from the study
onset with UAN and UAN-NS treatments compared to the
unfertilized control. Soil pH with these two N treatments
were lowest on Day 7, then gradually increased and still, soil
pH with these treatments were significantly lower than in the
control until Day 14 in case of the UAN and until Day 21 in
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Fig. 4. Soil surface pH in soil columns that received different N sources
in either DRY or WET precipitation regimes.
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Fig. 5. Cumulative ammonia loss (each data point is mean with standard
error) after N application from soil columns that received different N
sources in either DRY or WET precipitation regimes.

case of the UAN-NS. The PCU treatment in the WET regime
began to decrease in pH on Day 14, and was significantly lower
in pH than other treatments on Days 21 and at the end of the
study. Soil pH with UAN-IN was similar to that in the control
treatment, except on Day 21. This leveling off of soil pH in N
treatments other than the PCU suggests that N from other
treatments in the WET regime leached deep enough so that
nitrification was not impacting pH at the surface, whereas
gradual nitrification as urea was released from the PCU
granules reduced pH at the surface. Unlike in the DRY regime
where significant drop in soil pH was not observed until Day
21, the PCU treatment in WET regime had a significant drop
in soil pH 14 d after fertilization. This signifies the effect of soil
water in release of N from PCU granules.

Ammonia Volatilization

Under favorable environmental conditions, broadcast urea-
based N fertilizer may lose 30 to 50% of applied N (Calvert et
al., 2008; Griggs ct al., 2007; Martha et al., 2004) and some-
times, as high as 60% (Soares et al., 2012). Therefore, incorpo-
ration of N mechanically or with water (rain or irrigation) is
recommended to reduce volatilization loss (Dawar et al., 2011;
Sommer et al., 2004; Rochette et al., 2001). There were signifi-
cant interactions between precipitation regime and N source
through the course of the study on NH; loss (Table 1). In the
current study, N fertilizers were incorporated to 20-mm depth
and in the case of WET treatments, 27 mm of water was added
to simulate rain on the day of N application in the field. Asa
result, total NH; volatilization loss with the WET regime were
<1% of applied N from all fertilizer sources and was substan-
tially lower than with the DRY regime (Table 1). Ammonia
volatilization occurred mainly (>70% of total volatilization) in
the first few days (<10 d) after fertilization (Fig. 5), a result that
is consistent with NH; loss reported in several studies (Faria etal,,
2013; Keller and Mengel, 1986; Palma et al., 1998). Cumulative
NH; loss ranged from a low of 0.2% of applied N with UAN in

Table I. Nitrogen loss as ammonia volatilization and nitrate leaching
from different N sources and precipitation regimes.

NH;-N NO;—N
Treatmentf volatilized leached}
—— % of applied N ——
N source UAN 8.2b§ 65.7a
UAN-IN 9.9a 48.8b
UAN-NS 5.8¢c 52.3b
PCU 0.3d 6.4c
Precipitation DRY I1.6a no leaching
WET 0.4b 433
N x Precipitation]] ~ Significance P < 0.0001 -

T Treatment included N sources: urea-ammonium-nitrate solution (UAN), UAN
with Instinct (UAN-IN), urea-ammonium-nitrate solution with Nutrisphere-N
(UAN-NS) and polymer coated urea (PCU) and two different precipitation
regimes; DRY and WET.

} Nitrate leached is reported for IRG only because no leachate was recovered
from DRY treatment.

§ Means in a column followed by same lowercase letter are not significantly
different by LSD (P = 0.05).

1/ Data on significant N x precipitation interaction effect on NHj volatilized are
presented in Table 2.
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Fig. 6. Cumulative nitrate-N leached (each data point is mean with
standard error) from soil columns that received different N sources in
only WET precipitation regime.

the WET regime to a high of 18.7% for the DRY regime from the
UAN:-IN treatment.

The PCU treatment had negligible NH; loss with the DRY
regime, whereas other fertilizer treatments had significant vola-
tilization loss. Polymer-coated-urea is designed for slow release
of N over the growing season, and releases small doses of urea
solution to hydrolysis and prevents accumulation of NH,* in
soil, thus reducing the risk of NH; volatilization.

For the DRY regime, the UAN treatment tended to have the
highest volatilization loss early in the study, but the UAN-

IN treatment loss tended to be greater from 14 d on than on
previous 14 d. This NH; loss on later days in the UAN-IN
treatment may be due to the nitrification inhibitor in the
UAN-IN treatment causing NH4Jr concentrations to increase
as urea hydrolysis occurred resulting in more NH,* availability

for conversion to NH;. Others have found that nitrification
inhibitors can increase NH; loss due to the prolonged presence
of NH,*-N (Gioacchini et al., 2002; Zaman et al., 2008).
For the DRY regime, the UAN-NS treatment also significantly
reduced NHj loss compared to UAN and UAN-IN treatments.
There were no significant differences in soil pH between
UAN and UAN-NS in the DRY regime for this study—both
were clevated from the control treatment until approximately
5 or 6 d after fertilization, at which point the soil pH for the
UAN and UAN-NS treatments were significantly lower than
other treatments through the duration of the study. Soil pH,
averaged from several measurements across the chamber sur-
face, did not show any effect of the presence of Nutrisphere-N
on pH compared to UAN alone. Light incorporation of fertil-
izers to a depth of 20 mm was apparently inadequate to protect
against NH; volatilization with this poorly buffered (Ferguson
ctal., 1984), low CEC soil. The large precipitation event on
the day of fertilization (Day 0) with the WET regime (27 mm)
moved most of N from UAN, UAN-IN, and UAN-NS treat-
ments into the soil column, effectively eliminating the risk of
NHj volatilization (Bouwmeester et al., 1985; Ferguson and
Kissel, 1986; Harper et al., 1983). Soil N status in the column
measured in the 10-d study showed less N accumulation in the
upper 4 cm in the WET than in the DRY treatment.

Nitrate-Nitrogen Leaching

Substantial leachate from soil columns was not recorded
until Day 9 (Fig. 6), and then only from the WET regime treat-
ments. No leaching occurred over the 31-d period in the DRY
treatments—consequently statistical analysis and presentation
of leaching data is from the WET regime only. Yahdjian and
Sala (2010) also reported greater NO; ™ leaching after a larger
rainfall event (pulse of 15 mm in 1d) compared with smaller
ones (three pulses of S mm each on three consecutive days) in

DRY WET
—@— Control
\vd UAN
-———- UAN-IN
£ —@—- UAN-NS
C.: —#A— PCU
=
-
% (b) Ammonium-N
o
=)
(/5]
0 20 40 60 0 20 40 60
mg N kg™ soil

Fig. 7. Soil N (@ammonium- and nitrate-N) distribution at the end of the 31-d experiment and at different depths of soil columns that received different

N sources in either DRY or WET precipitation regime.
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their rainfall simulation experiment. The timing and intensity
of precipitation or irrigation is critical in inducing NO;~ leach-
ing (Maharjan et al., 2014). Ammonium was consistently
<0.5 mg L1 in leachate.

Through the course of the study, the PCU treatment resulted
in the lowest NO;™-N leaching among N sources, with a
total of 6.2% of fertilizer N leached in the WET regime. The
UAN treatment had the greatest total leaching loss of 66% of
fertilizer N applied whereas leaching from the UAN-IN and
UAN-NS were not different from each other and both were
significantly lower than that from the UAN treatment but
greater than that from PCU. These results are consistent with
other studies that also showed reduced NO; ™ leaching with
specialized N fertilizers such as polymer-coated urea, urea with
urease or nitrification inhibitors or both inhibitors added com-
pared to conventional N fertilizers (Diez et al., 2010; Zaman
ctal., 2008). These specialized products are designed to release
N more gradually over time than conventional N fertilizers
to improve synchrony between soil N availability and crop N
demand to minimize N loss. In the current study, physical inhi-
bition of N release in the PCU treatment was more effective
than chemical inhibition of nitrification in the UAN-IN and
UAN-NS treatments in reducing NO;~ leaching By the end of
the 31-d study, 225% of applied N still remained in PCU granules.

Soil Residual Nitrate and Ammonium Nitrogen

There were generally significant interactions between precipi-
tation regime and N source for residual NO3_ by soil depth,
and some effects on residual NH,* by depth (Fig. 7). Fertilized
treatments had NO;™-N levels elevated above the unfertilized
control for all treatments and most depths for either precipita-
tion regime. For the DRY regime, the PCU treatment gener-
ally had the lowest accumulation of residual NO;™-N. The
UAN and UAN-NS treatments generally had higher NO;™-N
accumulations at most depths. For the WET regime, the PCU
NO;™-N level was significantly higher than other treatments
in the upper 4 cm, and tended to be higher in the 4- to 8-cm layer
than lower depths, reflecting less leaching loss with this treatment.

Residual NH, " levels were much less than NO;™in the
DRY regime (Fig. 7). Ammonium levels were highest for the

DRY regime with the UAN-IN treatment—again likely related
to NH,* accumulating with this layer as nitrification was
inhibited with this treatment. There were no treatment effects
on residual NH,* below 4 cm with the DRY regime. Com-
pared to the DRY regime, the WET regime had higher NH/*Jr
below 8 cm, likely because of urea or NH,* movement to
lower depths. For the WET regime, differences in treatments
tended to be greatest deeper in the column, with UAN-IN and
UAN-NS trending toward higher NH,* levels. Urea-N in soil
layers were not measured at study termination, or in leachate
solution. However, elevated NH,* in the 15- to 25-cm depth
range suggests that urea was leached to these depths following
the initial heavy precipitation events and then hydrolyzed to
NH,* (Keeney and Bremner, 1967).

Total Fertilizer Nitrogen Recovery

Total fertilizer N recovery is sum total of N that was mea-
sured cither as loss or soil retention (plus, retention in granules
in case of PCU) and expressed as percentage of applied N
(Table 2). Total N recovery ranged from 64 to 98%, with the
remainder being unaccounted for. Total fertilizer N recovery of
UAN treatment was above 95% in both water regimes (Table
2). Total fertilizer N recovery with UAN-IN and UAN-NS
treatments tended to be lower, in the range of 76 to 87%. The
PCU treatment had the lowest total fertilizer N recovery (64%
in the DRY and 71% of applied N in the WET regime). Some
fertilizer N possibly was incorporated into non-extractable N
forms and/or lost through denitrification, forms which were
not measured in this study. Denitrification is mainly microbial
reduction of NO;™ to nitric oxide, nitrous oxide, or dinitrogen
gas. Jahangir et al. (2012) reported that 25% of applied N was
lost by denitrification from loamy soil cores (0~10 cm) in their
17-d long incubation study. The fact that specialized N sources
(UAN with additives and PCU) had much N unaccounted for
merits further research into other possible pathways of N loss
for these N sources and associated economic and environmen-
tal implications.

There were substantial differences in the fraction of N recov-
ered between precipitation regimes and N source treatments.

Volatilized NH; loss was negligible for the WET regime, but

Table 2. Fertilizer N recovery from different N sources and precipitation regimes at the end of 31-d experiment.

Soil residual Soil residual Residual
Treatmentf NH;-N volatilizedf NO;™—N leached§ NO; =Nt NH,*-N3 urea-N{ Total N recovered§
% of applied N
DRY UAN 16.1b na# 77.5a 7.5cd 98.4a
UAN-IN 18.7a na 50.1c 13.9bc 82.7b
UAN-NS I1.2c na 66.5b 3.2d 80.7b
PCU 0.3d na 25.6e 3.4d 343 63.7c
WET UAN 0.2d 65.7a 12.9f 19.5ab 98.2a
UAN-IN 1.0d 48.8b 16.4f 10.2bcd 76.4bc
UAN-NS 0.3d 52.3b I'1.0f 23.9a 87.5ab
PCU 0.3d 6.4c 36.0d 4.4cd 23.8 70.8¢c

T Treatment included N sources; urea-ammonium-nitrate solution (UAN), urea-ammonium-nitrate solution with Instinct (UAN-IN), urea-ammonium-nitrate solution
with Nutrisphere-N (UAN-NS) and polymer coated urea (PCU) in two different precipitation regimes; DRY and WET.

+ Nitrogen treatment X precipitation interaction effects were significant for these variables. Means in a column across both precipitation regimes followed by same lower-

case letter are not significantly different (P = 0.05).

§ Means in a column in each precipitation regime followed by same small letter are not significantly different by LSD (P = 0.05).

9] Residual urea-N is from residual PCU granules.

# na means no leaching was observed in the DRY treatment.
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was as high as 18% of applied N for the UAN-IN treatment in
the DRY regime. No leaching occurred with the DRY regime,
and thus no loss of NO; ™ or NH, " in leachate. However,
leached NO; ™ was as high as 66% of applied N with UAN for
the WET regime. Total measured fertilizer N losses for PCU
were just 0.3 and 6.5% in DRY and WET conditions, respec-
tively. Total fertilizer N losses for the UAN treatment were
16.1% (DRY) and 65.8% (WET); total fertilizer N losses for
the UAN-IN treatment were 18.7 (DRY) and 49.8% (WET);
total losses for the UAN-NS treatment were 11.2% (DRY)
and 52.5% (WET). Residual urca-N within the PCU granules
was greater in the DRY than in the WET regime (34% of
applied N vs. 24%). With the intensity of precipitation early
in the study with the WET regime, N in forms of urea, or
NH,* from UAN, UAN-IN, and UAN-NS treatments might
have leached into lower depths of the column, as evidenced by
clevated NH* levels in the depth of 15 to 20 cm. By the time
the study was terminated and soil extracted in layers, urea, if
there was any, would have hydrolyzed to NH, .

CONCLUSIONS

Conditions in this study represent extremes for weather risk
of N fertilizer loss. However, such events should not be consid-
ered rare, as they occurred over three successive growing seasons
in one county in Nebraska. Most growers recognize the risk of
applyingall fertilizer N at one time on coarse-textured soils,
and split application of N fertilizer is most common on such
soils. However, applying the majority, or sometimes all, of the N
fertilizer for a crop at one time to coarse-textured soils is still in
practice in some cases. In such cases, there can be multiple risks
of N loss, as documented in this study. If urea-based N fertilizers
are left on or near the soil surface, the risk of significant NH;
volatilization is high on poorly buffered, coarse-textured soils
without rainfall or irrigation to move N into the soil. If heavy
rainfall occurs soon after fertilization on such soils, the risk of
NH; loss is reduced. However, leaching of N can occur with
these conditions. Possibly due to a greater N loss in the wet year
(majority of which was through leaching) than in the dry year as
observed in this incubation study, crop yields were less in the wet
year compared to the dry year in the field study.

The UAN-IN and UAN-NS treatments generally limited N
loss compared to UAN alone. However, these additives were
less effective than PCU when heavy precipitation occurred
very soon after fertilization. Polymer-coated urea effectively
protected against either NH 3 volatilization or NO3_ leaching,
depending on the precipitation pattern. That possibly explains
why the PCU treatment consistently had greater yield than
other N treatments in the field in cither dry or wet years. How-
ever, the fact that as much as 13 to 36% of applied N was unac-
counted for with the PCU or UAN with additives warrants
further research into other pathways of N loss such as denitrifi-
cation or immobilization for these specialized N sources.
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