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Abstract. Although laboratory analyses of nitrogen (N) release from polymer-coated urea
(PCU) are available for most brands of PCU, data are lacking for release patterns under
field conditions. Release rate studies for PCU are often time-consuming and expensive as
a result of the need for multiple chemical analyses. We compared the N release using a
weight loss method with a direct chemical analysis method for two types of PCU (Agrium
PCU, Agrium U.S. Inc.; Kingenta PCU, Shandong Kingenta Ecological Engineering Co.,
Ltd.). The PCU prills were placed in a mesh bag and N loss from the prills over time was
determined indirectly by loss in weight. The N content of the prills was determined by the
combustion method to verify the weight method technique. A second study was con-
ducted to determine if the type of mesh bag material affects the percentage of N released.
For this study, mesh bags were constructed from two different materials with two
different hole sizes and total amount of open area. Overall, regression analysis suggested
that the percentage of N released as estimated by the weight method and combustion
method was not significantly different over the growing season for two types of PCU. The
mesh bags made of the material with smaller holes and less open area resulted in
significantly less N release than the material with more open area and larger holes.
Overall, these results suggest that the weight method can be reliably used as a substitute
for chemical analysis to determine N release characteristics of PCU, but mesh bag
materials must be taken into consideration to reduce errors. The best technique to
determine N release may be one that does not include a mesh bag; however, until that
method is developed, using a larger hole size is recommended.

Controlled-release fertilizers are being
used more frequently for crop production in
an effort to improve plant nitrogen (N) use
efficiency and reduce nitrate leaching. Poly-
mer-coated urea (PCU) is a controlled-release
fertilizer that releases N over time. The suc-
cess in improving N use efficiency depends on
matching N release with N demand by the
crop (Shaviv, 2001). Through manipulation
of the coating, manufacturers have control
over N release patterns in PCU that can
be matched to the uptake of specific crops
(Trenkel, 1997), and currently there are a
variety of brands available with differing N
release characteristics.

Although there are many types of PCU
available to crop producers, there is a lack of
knowledge about N release patterns under
field conditions. Conventionally, dissolution
of urea in PCU is determined from a static
test in which PCU is dissolved in water and
the refractive index of the solution is deter-
mined as a function of time (Salman et al.,
1989). These laboratory measurements are
often the only information available to con-
sumers about PCU N release characteristics,
although there is generally a lack of correla-
tion between these and field measurements
(Trenkel, 1997).

Several studies have reported patterns of
N release using varying techniques, but no stan-
dardized test exists. Simonne and Hutchinson
(2005) used pot-in-pot trials in the field to
measure the number of days needed to
recover specific amounts of applied N. In
that study, leachate samples were collected
from the lower pot and analyzed for recov-
ered NO3-N and NH4-N. The most common
technique, however, is to enclose a known
amount of PCU into a bag of porous material
and bury it in the field. These mesh bags are
removed over time to estimate N loss. How-
ever, the type of material used for mesh bags
and the determination of N loss varies by
study. Pack (2004) used cheesecloth and then
ground the PCU prills to dissolve the remain-
ing urea in a known amount of water. The

solution was then analyzed by a total Kjel-
dahl nitrogen method (TKN). Gandeza et al.
(1991) and Zvomuya et al. (2003) used
plastic mesh and directly analyzed the prills
by TKN. Savant et al. (1982) and Salman
et al. (1989) used nylon screen and deter-
mined the loss of urea by the loss of weight
from the prills. Although the two weight loss
studies were conducted in soil, they were not
conducted under field conditions.

With the exception of the latter two
studies, the percentage of N released from
PCU was determined with chemical analysis,
which can be expensive and time-consuming.
The weight method presented in Savant et al.
(1982) may reduce the costs of a PCU release
rate study, but it has not been validated with
chemical analysis.

The reliability of the method also depends
on the material used for the mesh bags that
enclose the fertilizer. For instance, a proper
material should allow the PCU to be exposed to
soil and the same moisture conditions that
affect the intended crop. A material with hole
openings that are too small may reduce expo-
sure, whereas one with large openings may
allow fertilizer to fall out of the container.

The objectives of this study were to 1)
compare the weight method with direct chem-
ical analysis for determining N release charac-
teristics of PCU; and 2) determine the effect of
mesh bag material type on N release from PCU.

Materials and Methods

Field experiments were conducted over
the 2007 growing season as part of a larger
study to evaluate PCU rate and timing at the
Sand Plain Research Farm in Becker, MN.
The soil at this site is a Hubbard loamy sand
(sandy, mixed, frigid Typic Hapludoll). The
experimental crop was ‘Russet Burbank’
potato (Solanum tuberosum L.) planted on
26 Apr. and hilled at emergence on 15 May.
The crop was irrigated according to the
checkbook method (Wright, 2002). Details
of management and cultural practices can be
found in Wilson (2008).

Two experiments were conducted: 1) to
test methods of determining the percent of N
released (%NR) from PCU; and 2) to test the
effect of mesh bag materials on N release.
Two types of PCU were tested in the first
experiment. The first was a 90-d release PCU
(44-0-0) marketed as Environmentally Smart
Nitrogen from Agrium U.S. Inc. (Denver,
CO) (Agrium PCU). The second was a 90- to
120-d release PCU (42-0-0) produced by
Shandong Kingenta Ecological Engineering
Co., Ltd., (Linyi, Shandong, China) (King-
enta PCU). The release periods listed are
those reported by the manufacturer.

The second experiment tested two differ-
ent types of material for construction of mesh
bags. Only Agrium PCU was used in the
second experiment. The first material was
polypropylene mesh (Industrial Netting,
Minneapolis, MN) with 1.2-mm2 hole open-
ings and a 43% open area (this was also the
material used in the first experiment). The
second was weedblock landscape material
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(Easy Gardener Weedblock Fabric, Waco,
TX) from a local hardware store made of
polyethylene with a hole size of �0.07 mm2

and an open area of 24%. For both experi-
ments, mesh bags were �10 cm · 10 cm and
heat-sealed with an impulse sealer (ULINE,
Chicago, IL) along three edges. Finally, 3 ±
0.0002 g of PCU (�174 and 113 prills for
Agrium and Kingenta PCU, respectively)
were placed in the bags and then the open
side was heat-sealed.

The experimental design for both experi-
ments was randomized complete blocks. The
first experiment had three replicates, whereas
the second experiment had two replicates.
Each replicate consisted of 10 bags that were
buried in the potato hill and subject to the
same temperature and moisture conditions as
fertilizer placed in the hill. In Expt. 1, King-
enta PCU was buried in the field 6 d before
planting on 20 Apr. to a depth of 5 to 10 cm,
because potato hills were not formed until the
day of planting. This treatment was intended
to simulate a preplant application of PCU.
Agrium PCU was buried at planting on 26
Apr. to the depth of the fertilizer band (�25
cm) to simulate a banded PCU application.
Kingenta PCU mesh bags were then trans-
ferred to the plots and buried at 5 to 10 cm in
the potato hill. Although the dates and place-
ment of mesh bags were different for each
material, these differences should not affect
achieving the objectives of this study. In
Expt. 2, mesh bags of each type were buried
on 15 May�5 cm below the top of the hill to
simulate N release from Agrium PCU applied
at emergence. For both experiments, one
mesh bag was retrieved from each replicate
at �2-week intervals until the end of the
growing season. Fertilizer prills were air-
dried in the mesh bags for a minimum of
14 d before processing. The prills were then
removed manually from each mesh bag,
separated from soil, and then weighed.

Two different methods were used to
calculate %NR over the course of the growing
seasoninthefirstexperiment.Thefirst isamod-
ified technique (Savant et al., 1982) using the
change in prill weights over time. First, the
weight of the polymer coating in 3 g of PCU
was determined using the following equation:

FC ¼ Fi �
Fi � ð%NPCUÞ

%Nurea

� �
ð1Þ

where FC is the weight of the polymer coating
in grams, Fi is the initial amount of PCU in
the mesh bags, %NPCU is the percent of N in
the PCU product, and %Nurea is the percent of
N in uncoated urea. Based on the manufac-
turer’s N analysis, the weight of polymer
coating in 3 g of fertilizer was calculated to
be 0.13 and 0.26 g for Agrium PCU and
Kingenta PCU, respectively. The %NR for
each sampling date was then determined by
the following equation:

%NRW ¼ 1� Fs � Fc

Fi � Fc

� �� �
� 100 ð2Þ

where %NRW is the percent of N release as
determined by the weight method, Fs is the

weight of the PCU on the sampling date, Fc is
the weight of the polymer coating, and Fi is
the initial amount of PCU in the mesh bag.

For the second method, %NR was deter-
mined by chemical analysis. Fertilizer prills
from each sampling date were air-dried,
crushed in a mortar and pestle, and then N
was determined using a combustion analyzer
(LECO FP-528 Total Nitrogen Analyzer;
LECO, St. Joseph, MI) following the general
methods for plant material in Horneck and
Miller (1998). The N found by combustion was
multiplied by the weight of the prill sample to
determine N content remaining in the prills.
The %NR for each sampling date was then
determined by the following equation:

%NRC ¼ 1� Ns

Ni

� �� �
� 100 ð3Þ

where %NRC is the percent of N release as
determined by the combustion method, Ns is
the N content in grams of the PCU on the
sampling date, and Ni is the initial N content
in 3 g of PCU as determined by combustion.
The actual N concentration in the prills on
Day 0 before mesh bag burial was 44.5% ±
0.2% for Agrium PCU and 42.8% ± 0.6% for
Kingenta PCU based on combustion analysis.
Only the weight method was used to deter-
mine %NR in the second experiment.

Pearson correlation coefficients in PROC
CORR were used to determine the associa-
tion between the weight and combustion
methods of calculating %NR and PROC
REG was used to fit a linear regression line
to the data (SAS Institute Inc., 2004). To
further compare the two methods in each
experiment, %NR was also plotted as a
function of days after planting (DAP). On
the day that mesh bags were buried, N release
was assumed to be zero. Regression models
were fit for each treatment and analyzed in
PROC MIXED (SAS Institute Inc., 2004).
This method compares intercept and slope
coefficients of lines to determine if they are
statistically different. Coefficients were con-
sidered significantly different at probability
levels less than 5%.

Results and Discussion

Expt. 1: Methods to determine percent
nitrogen release from polymer-coated urea.
The weight and combustion methods of
determining the percent of N release (%NR)
were highly correlated (P < 0.0001) for both
Agrium and Kingenta PCU with correlation
coefficients greater than 0.999 (Figs. 1 and 2,
respectively). For both PCUs, the slope of the
regression line was also near 1 ± 0.05. This
indicates that the %NR on each sampling date
was at an approximate 1:1 ratio, which also
means that predicted %NR by each method
was similar at every sampling date. A slope
below or above 1 would imply that one
method produced higher or lower values than
the other method.

To further explore if N release found by
each method was similar, equations were fit
to each data set as a function of DAP. For

Agrium PCU, a quadratic equation modeled
the response of N release rate with time (Fig.
3). Gandeza et al. (1991) and Zvomuya et al.
(2003) also reported a quadratic release
model for %NR of a different PCU. For
Agrium PCU, the slope and intercept coef-
ficients from each method were not signifi-
cantly different (P > 0.10). Percent N release
peaked at �97% between 135 and 140 DAP.
Nitrogen release from PCU most likely
reached a plateau after this point because

Fig. 1. The correlation between two different
methods for determining percent N release
(%NR) for Agrium polymer-coated urea
(PCU) incubated at the fertilizer band depth
of the potato hill. Each point represents one
paired observation.

Fig. 2. The correlation between two different
methods for determining percent N release
(%NR) for Kingenta polymer-coated urea
(PCU) incubated at the fertilizer band depth
of the potato hill. Each point represents one
paired observation.

Fig. 3. Percent of nitrogen release (%NR) as a
quadratic function of days after planting (DAP)
for Agrium polymer-coated urea (PCU) incu-
bated at the fertilizer band depth of the potato
hill. Each point represents the mean and 1 SE.
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the fertilizer cannot release more than 100%.
For Kingenta PCU, %NR was found to be a
linear function of DAP (Fig. 4). Again, the
slope and intercept were not significantly
different between methods. The linear re-
sponse suggests that the peak %NR had not
been reached by the last sampling date. Both
methods resulted in similar %NR over time
for the two different types of PCU, although
N release patterns varied between N sources.
This provides strong evidence that the weight
method can be considered a good predictor of
N release for the products evaluated. Depend-
ing on the coating, there is potential for some
PCU products to retain water when air-dried,
which would affect the weight and underes-
timate N release using the weight method.
However, we did not encounter this as being a
problem in the present study.

Expt. 2: Mesh bag material comparison.
The N release of Agrium PCU from two
different types of mesh as a function of DAP
was found to fit a quadratic model (Fig. 5). The
linear coefficients of each line were signifi-
cantly different for each material (P < 0.05).
The quadratic coefficients were not different
at P = 0.05, although a trend was noted at P =
0.07. The constant coefficients, or intercept,
were not significantly different for each mate-
rial (P > 0.10). Initially, %NR with both types
of mesh bags appears to be similar, but after 40
DAP, %NR with weedblock was lower than
with polypropylene mesh. After removing
mesh bags from the potato hill, prills in the
weedblock bags were typically cleaner than
prills in polypropylene. This suggests that the
polypropylene mesh allowed prills to come in
closer contact to the soil compared with weed-
block bags and may explain the difference in
%NR. Because PCU prills are in complete
contact with the soil when applied to crops,
polypropylene mesh may provide a better
estimate for actual N release in the soil than
weedblock bags. Pack (2004) used cheese-
cloth as a material for mesh bags, which would
also prohibit contact with the soil, but the
methods in that study required 200 g of soil to
be placed in the bags with the fertilizer.
Although this may solve the problem of prill
contact with soil, removing the prills from the
soil may be more time-consuming and it is
unclear if water movement into the bag would
be affected. When developing a standard pro-
cedure for N release from PCU, further
research should consider the effect of mesh
bag materials or if inclusion of soil in the bag
further enhances N release. The best technique
for determining N release characteristics of
PCU in the soil may be one that does not
include a mesh bag. However, until that
technique is further developed, using the
largest possible hole size is recommended.

Conclusions

The N release characteristics of two PCUs
were determined with the weight method and
by combustion analysis. Both methods
resulted in the same percent N release over
time for both N sources, which suggests that
the mesh bag weight method can be reliably
used for determining PCU N release charac-
teristics. The effect of mesh bag material on
N release of PCU was also examined. Weed-
block material, which has smaller hole open-
ings and less total open area, resulted in
significantly lower N release over the grow-

ing season than a polypropylene mesh with
larger hole openings and more open area. The
difference between materials was most likely
the result of hole size, which restricted the
interaction between soil and fertilizer. When
conducting mesh bag experiments to deter-
mine N release characteristics of a PCU, it is
important to choose a material that will not
limit exposure to water and soil.
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Fig. 4. Percent of nitrogen release (%NR) as a
linear function of days after planting (DAP) for
Kingenta polymer-coated urea (PCU) incu-
bated at the fertilizer band depth of the potato
hill. Each point represents the mean and 1 SE.

Fig. 5. Percent of nitrogen release (%NR) as a
quadratic function of days after planting (DAP)
for Agrium polymer-coated urea (PCU) as
influenced by mesh bag material. Each point
represents the mean and 1 SE.
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