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ABSTRACT: The development of new fertilizer technologies to reduce nitrogen (N) losses
from an agricultural system and to increase nitrogen use efficiency (NUE) is a global
research objective. Controlled-release nitrogen fertilizers have shown great potential
for reducing N losses and synchronizing N release according to crop demand, thereby
improving the NUE. The objective of this study was to characterize controlled-release
nitrogen fertilizers and compare them with conventional nitrogen sources in terms of
N release, N loss via NH; volatilization, and fertilizer effects on second-season corn.
The field experiment was performed on an Ultisol in a randomized block design. The
treatments consisted of two conventional nitrogen sources (urea and ammonium sulfate)
and three brands of polymer-coated urea (PCU; Agrocote®, FortBlen®, and Kimcoat®). The
variables N release and N loss by NH; volatilization were subjected to nonlinear regression
analysis using a logistic model and the Korsmeyer-Peppas model, respectively. Leaf N
content and dry matter yield were subjected to the Tukey test, and the morphologies of
the PCUs were observed by scanning electron microscopy (SEM). Electron micrographs
revealed differences in the number of layers and the thickness of the coatings of the
studied PCUs. FortBlen®, containing granules with single- or double-layer coatings with
thicknesses ranging from 34.53 to 50.34 um, promoted more gradual N release and
reduced N-NH; losses by 36.4 % compared with those observed with uncoated urea.
Kimcoat® released approximately 98 % of the applied N within 24 hours, resulting in
N-NH; volatilization, and the responses in second-season corn were similar to those with
uncoated urea. Although no benefits were observed in second-season corn for PCUs over
uncoated nitrogen sources, some PCUs promoted more gradual N release and reduced
N-NH; volatilization, providing a promising alternative for environments prone to N loss.

Keywords: polymer-coated urea, N release, coating characteristics, scanning electron
microscopy.
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INTRODUCTION

Corn is the grain with the highest global production, which was estimated at 1.09 billion
tons for the 2018/19 crop (USDA, 2019). The nutrient with the highest requirement in
corn is nitrogen (N), with 14.4 kg required for each ton of grain produced (Pauletti and
Motta, 2019). Provided to supply N to crops, urea [CO(NH,).] is the most commonly used
fertilizer in the world, with an estimated increase in global demand of 1.6 % per year
expected until 2022 (IFA, 2018). Its high concentration of N (45 to 46 %), low cost per N
unit, high market availability, high solubility, and high compatibility with most fertilizers
explain why urea is widely used in agriculture (Chien et al., 2009).

The N in urea, when applied on the soil surface, can be lost by denitrification, leaching, and
ammonia (NH;) volatilization. In some cases, losses of N in the form of ammonia (N-NH,)
may represent more than 50 % of the N applied (Tasca et al., 2011). The magnitude of
the loss of NH; varies because it depends on the technology used to apply the fertilizer
(Stafanato et al., 2013; Silva et al., 2017), the soil properties (Rochette et al., 2009;
Sunderlage and Cook, 2018), and the environmental conditions (Holcomb et al., 2011;
Otto et al., 2017).

After being applied to the soil surface, urea is hydrolyzed by the action of the enzyme
urease, producing ammonium, carbon dioxide, and hydroxyl ions (Trenkel, 2010). This
reaction results in increased pH around the fertilizer granules, altering the balance
between the ammonia and ammonium in the soil (NH,* + OH & NH; + H,0) and favoring
the transformation of N-NH,* into N-NH; and its subsequent loss to the atmosphere
(Rochette et al., 2009).

The N-NH; losses can reduce crop yield and nitrogen use efficiency (NUE) (Abalos et al., 2014),
thereby having negative economic consequences for farmers (Good and Beatty, 2011). In
addition to the productivity and economic impacts, N-NH; losses from agricultural areas
affect air quality and contaminate terrestrial and aquatic ecosystems (Liu et al., 2013).

The use of new fertilizer technologies to reduce N losses from an agricultural system
and to increase NUE is a global research objective. In this sense, fertilizers whose
release is controlled by a physical barrier have shown great potential and have been
designated by the Association of American Plant Food Control Officials (AAPFCO) as
controlled-release fertilizers (CRFs) (Trenkel, 2010). The use of polymer- or resin-coated
urea (PCU) as a CRF can decrease volatilization and leaching losses and synchronize
nutrient release according to crop demand, thereby improving the NUE (Cabhill et al.,
2010; Trenkel, 2010).

The PCU production is carried out by coating urea granules with one or more layers.
Each layer contains a water-permeable material that regulates nutrient release (Trenkel,
2010). The CRF release mechanism involves nutrient transfer from the fertilizer-polymer
interface to the polymer-soil interface, driven by water (Azeem et al., (2014). According
to the same authors, the parameters governing the release mechanism are: (i)
diffusion/swelling, (ii) degradation of the polymer coating, and (iii) fracture or dissolution.

The PCUs on the market differ in their coating material chemistry and coating thickness
and cost 1.3 to 12 times more than conventional urea (Wilson et al., 2009; Trenkel, 2010).
Studies comparing PCU and uncoated urea have shown conflicting results. Some studies
indicate advantages for the use of PCU (Noellsch et al., 2009; Ye et al., 2013; Zhao et al.,
2013), whereas others have noted inefficiency of PCUs when compared to uncoated urea
(Cahill et al., 2010; Civardi et al., 2011; Prando et al., 2013).

The divergence between the results in the literature reveals a lack of information on
this subject, especially information on the association of the coating characteristics
with the dynamics of N and the effects on crops. Thus, the characterization and
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understanding of nutrient release from these fertilizers are important for defining
strategies to increase the NUE.

The objective of this study was to characterize controlled-release nitrogen fertilizers and
compare them with conventional nitrogen sources in terms of the loss of N-NH; and their
effects on second-season corn.

MATERIALS AND METHODS

Experimental site and treatments

The field experiment was conducted in Maringa (23° 25" S; 51° 57’ W), Parana State,
Brazil, at 550 m a.s.l. The climate was classified as subtropical humid mesothermic (Cfa)
according to the Koppen-Geiger Classification System (Peel et al., 2007). The soil is a
sandy-clay loam Argissolo Vermelho (Santos et al., 2018), which correspond to an Ultisol
(Soil Survey Staff, 2014). Soil chemical and granulometric analyses of the 0.00-0.20 m
layer yielded the following results: 14.2 g dm? organic matter, pH(H,0) 5.4, 20.9 mg dm>P
(Mehlich-1), 1.03 cmol. dm? Ca**, 0.36 cmol, dm™ Mg**, 0.28 cmol. dm>K*, 6.63 cmol. dm?
cation exchange capacity, 230 g kg™ clay, 10 g kg™ silt, and 760 g kg™ sand.

The experimental design consisted of randomized blocks, with six replicates for each
treatment. The treatments consisted of two conventional nitrogen sources (urea and
ammonium sulfate) and three PCUs (Agrocote®, FortBlen®, and Kimcoat®). The experimental
units consisted of 7 rows that were 10 m long and spaced 0.45 m apart, totaling 31.5 m?in
area. Hybrid DKB-285 Pro 2 corn was sown on February 28, 2017, with basic fertilization of
30, 45, and 45 kg ha™ N, P,0s, and K,0, respectively, on a population of 60,000 plants ha™.
Nitrogen fertilizers were applied by broadcasting at stage V3/V4 at a rate of 60 kg N ha™
48 h after 60 mm of precipitation.

Ammonia capture and determination of ammonia volatilization

Immediately after nitrogen application, the capture of ammonia began for the determination
of nitrogen loss through ammonia volatilization. As NH; volatilized, the capture method
described by Araujo et al. (2009) was implemented using a semi-opened static chamber
constructed in a PET bottle with an area of 0.007854 m”. A 2.5 cm wide and 25 c¢m long
strip of filter paper hung inside the chamber, with the bottom edge of the filter paper
submerged in a 50 cm? bottle containing 20 mL of H,50,0.05 mol L™ + 2 % v/v glycerin
solution. The sampling was carried out by changing the bottles containing the strips and
solutions on predetermined dates. After each collection, the chambers were rotated within
the plot to minimize the environmental factors that could influence NH; volatilization.
After sampling, the samples were refrigerated, and the amount of volatized N-NH; was
determined with UV/VIS spectrophotometry by using the salicylate-hypochlorite method
(Bower and Holm-Hansen, 1980). The N-NH; losses were summed over each sampling
period to determine the cumulative loss over time. During the experimental period,
no irrigation was performed, and the daily data on rainfall, air relative humidity and
maximum and minimum air temperatures were recorded.

N release and characterization

Nitrogen release from the PCUs was examined using the pouch method (Carson and
Ozores-Hampton, 2012). A 5 g sample of PCU was placed into a pouch (10 x 10 cm)
made of nylon mesh that allowed moisture to contact the PCUs. The pouches were taken
to the field and distributed on the soil surface along with the plots. After 3, 9, 13, 18, 23,
and 27 days, the pouches were removed from the field and weighed, and the remaining
N content was determined by the Kjeldahl method. Cross-sectional morphologies of the
PCUs were observed via scanning electron microscopy (SEM) using a Quanta 250 FEG
microscope. Samples were sputter-coated with gold before observation.
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Corn nutritional status and dry matter production

The nutritional status of the corn was evaluated by the leaf N content. The leaf below and
opposite the ear of corn were collected at the phenological stage R2. After being dried
and ground, the leaves were subjected to sulfuric acid digestion and N determination
using the Kjeldahl method. Dry matter was evaluated at physiological maturity (R6) on
the material manually harvested from 8.1 m?. Moisture was determined, and dry matter
production was corrected to obtain the mass in kilograms per hectare.

Statistical analysis

The treatments were submitted to nonlinear regression analysis using a logistic model
(Equation 1) to assess the variable ammonia volatilization. This logistic model is traditionally
used to estimate plant growth (Seber and Wild, 2003), and more recently, it was used in
a study to estimate cumulative ammonia volatilization (Soares et al., 2012; Vale et al.,
2014; Silva et al., 2017).

a

Y = , Eq.1
14+ exp[—v(tlme—B)]

in which Y'is the amount of volatilized nitrogen accumulated in the form of NH; in kilograms
per hectare at a given time; a is the asymptotic value, indicating the stabilized value of
cumulative volatilization in relation to time (maximum volatilization); B is the time when
a reaches half of its maximum value and corresponds to the curve inflection point (the
day when the maximum daily loss of N-NH; occurs); and vy is a relative index used to
obtain the maximum daily loss of N-NH; (MDL) according to equation 2.

MDL =y (%) Eq. 2

The controlled-release data were submitted to nonlinear regression analysis using the
Korsmeyer-Peppas model (Equation 3), which is used to analyze release from polymeric
systems over time (Korsmeyer et al., 1983).

=(1tn Eq.3

M.

in which M;/M,, is the percentage of N released over time; a is a kinetic constant that
incorporates the structural and geometric characteristics of the form released in a controlled
manner; t is the time in days; and n is the release exponent of the controlled-release
fertilizer. The release mechanism was classified according to the n exponent as follows:
quasi-Fickian diffusion (n <0.5), Fickian diffusion (n = 0.5), anomalous (non-Fickian)
diffusion (0.5< n <1.0), and case Il diffusion (n = 1.0) (Ritger and Peppas, 1987; Peppas
and Brannon-Peppas, 1994; Siepmann and Peppas, 2012).

Nitrogen diffusion from controlled-release fertilizer coatings was calculated as proposed
by Ritger and Peppas (1987) and Peppas and Brannon-Peppas (1994) (Equation 4).

0.5
My _ 4 [ﬂ] Eq. 4
M., nl?

Equation 4 was rearranged to give equation 5.

2 2
p= (Ml)xlo12 EqQ.5

16t \ M,

in which D is the diffusion of the released nutrient in pm? day™; / is the thickness of the
fertilizer coating layer in um; t is the time in days; and M,/M, is the percentage of N
released over time, as determined by equation 3.
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The leaf N content and dry matter in corn were submitted to variance homogeneity
tests (Bartlett), an error normality test (Shapiro Wilk), and analysis of variance with a
comparison of means by the Tukey test (o = 0.10).

RESULTS

The electron micrographs revealed the cross-sectional morphology of each fertilizer,
indicating the presence of a coating in two of the three PCUs evaluated (Figure 1).
FortBlen® consists of two types of granules: the first has inner and outer layer thicknesses
of 35.88 and 34.53 um, respectively (Figure 1a), and the second has a single layer with
a thickness of 50.34 um (Figure 1b). Only one coating layer of 8.11 um thickness was
observed for Agrocote® (Figure 1c), and no coating was detected for Kimcoat® (Figure 1d).

The N release over time was different for each fertilizer (Figure 2a), with 100, 97.8, and
86.6 % N released from Kimcoat®, Agrocote®, and FortBlen®, respectively, at 27 days
after application. One day after fertilizer application, Kimcoat® had released 98.7 % N,
whereas 81.0 and 52.9 % N had been released from Agrocote® and FortBlen®, respectively.

Estimating the N diffusion for the Kimcoat® fertilizer was not possible, as this parameter
depends on the presence of a coating layer that completely covers the granule. For the
other PCUs, the Korsmeyer-Peppas model demonstrated that these fertilizers exhibit
quasi-Fickian N release behavior, as FortBlen® and Agrocote® yielded n values of 0.0571 and
0.1492, respectively (Figure 2a). As shown in figure 2b, diffusion decreased dramatically
in the first five days after fertilizer application and stabilized over time. On the first day
after fertilizer application, diffusion was 220.91 and 8.48 um?® day™, decreasing to 21.80
and 0.46 um® day™ after 27 days for FortBlen® and Agrocote®, respectively.

The cumulative volatilization of NH; (kg ha™) followed a sigmoidal pattern, increasing
gradually at first and then at a high rate before the rate of increase gradually slowed, with

P1 =34.53 um
P2 = 35.88 um

spot|magd HPW | vac mode
3.0 | 1000 x_414 um [High vacuum

Figure 1. Electron micrographs of the PCUs used as N sources for corn. FortBlen® with double
coating (a); FortBlen® with single coating (b); Agrocote® with single coating (c), and Kimcoat®
without coating (d).
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the volatilization stabilizing at the maximum (Figure 3a). The maximum and minimum
temperatures in the first 76 hours after nitrogen fertilizer application were 31.9 and
20.1 °C, respectively, and the relative humidity was above the critical relative humidity
of urea (80 % at 20 °C) (Figure 3b) (Adams and Merz, 1929). According to the adjusted
model, the maximum volatilization of N-NH; decreased as follows: urea (26.4 kg N ha;
44 % of the applied N), Kimcoat® (26.1 kg N ha™; 43.5 % of the applied N), Agrocote®
(20.1kg N ha™; 33.5 % of the applied N), FortBlen® (16.8 kg N ha™; 28 % of the applied N),
and ammonium sulfate (1.9 kg N ha™; 3.2 % of the applied N) (Table 1). FortBlen®,
Agrocote®, and Kimcoat® reduced the N-NH; losses by 36.4, 23.6, and 1.0 %, respectively,
compared with that from urea.

The highest N-NH; losses were observed between 4.2 and 4.9 days after fertilizer
application (Table 1). For FortBlen®, Agrocote®, and Kimcoat® to lose the same amount
of N-NH; as that lost from urea 4.2 days after application, an additional 2.9, 1.7, and
0.3 days, respectively, were required (Table 1). Urea, ammonium sulfate, Agrocote®

(a) (b)

ggg 7 —e— Agrocote®
B 7] ..@- ForBlen®
100 ~--poooe- g g &3 200 °
AR __.e - 150 4 :
— 80 4"® oo ® y °
X - o - 100 + ‘.‘
S - = 1 oo,
2 60 4 Ll \% 50 0000000000000000000
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Days after application

Figure 2. Nitrogen released (a) and N diffusion (b) through the coating of the PCUs over time.
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Figure 3. Cumulative volatilization N-NH; (a) and climatic conditions (b), after broadcast
applications of urea, ammonium sulfate, and PCUs.
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Table 1. Parameters of the sigmoid regression adjusted for the cumulative losses of NH;. Time span for fertilizer-controlled release
to lose 10, 20, or 50 % of the maximum losses of NH; by volatilization that occurred with urea (26.4 % of the N applied)

Time for volatilization of 10, 20,

Parameter or 50% of the maximum losses
Treatments MDL observed for uncoated urea
a B Y R? 10 % (day) 20 % (day) 50 % (day)
kg ha™ N-NH; day kg ha*day™ N-NH,

Urea 26.4 4.2 0.59 0.98 3.9 0.5 1.9 4.2
Amm. Sulf. 1.9 4.3 0.79 0.99 0.4 - - -

Agrocote® 20.1 4.9 0.62 0.99 3.1 1.8 3.2 5.9
FortBlen® 16.8 4.9 0.57 0.98 2.4 1.9 3.5 7.1
Kimcoat® 26.1 4.5 0.60 0.99 3.9 0.9 2.2 4.5

a: asymptotic value (maximum volatilization); B: day when o reaches half of its maximum value and day when the curve inflection point occurs
(maximum daily loss of N-NHs); y: relative index and MDL: maximum daily loss of N-NH;.

(@) (b)

36 12000

30 - a 10000 a a 3

8000 -

24

18 -

12

Leaf N content (g kg™)
Dry matter (kg ha™)

Figure 4. Leaf nitrogen content (a) and dry matter of corn (b), after broadcast fertilization with
60 kg ha™ using urea, ammonium sulfate, and PCUs.

FortBlen®, and Kimcoat® had maximum daily losses of N-NH; equal to 3.9 kg ha™ (6.5 %
of the applied N), 0.4 kg ha™ (0.7 % of the applied N), 3.1 kg ha™ (5.2 % of the applied N),
2.4 kg ha™ (4.0 % of the applied N), and 3.9 kg ha™ (6.5 % of the applied N), respectively
(Table 1).

The application of PCUs to corn did not change the leaf N content or dry matter production
compared to those with urea and ammonium sulfate application (Figure 4). However,
nitrogen fertilization resulted in average increases of 51.2 and 36.3 % in the leaf N content
and dry matter, respectively, compared to those of maize not receiving N fertilization.

DISCUSSION

N release and diffusion from the CRFs

The higher coating thickness of the FortBlen® fertilizer promoted longer N release
than that observed with the other PCUs. Similar results were reported by Chagas et al.
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(2016), who studied granular urea coated with elemental sulfur and an organic polymer
and observed gradual N release over a longer period for fertilizers with higher coating
thicknesses. Similarly, Azeem et al. (2016), who studied urea coated with biopolymer,
observed that the duration of N release increased with the increase in coating thickness.
According to Guertal (2009) and Trenkel (2010), the N release from coated fertilizers may
occur as a function of temperature, soil moisture, microbial activity, coating thickness,
and the combined action of these factors.

The inefficient control over N release observed with Kimcoat® was due to the absence
of a coating (Figure 1d). Martins et al. (2014) evaluated the dissolution of Kimcoat® and
conventional urea and observed that both dissolved simultaneously and completely after
4.5 min of exposure to water. The results obtained by Martins et al. (2014) corroborate
those obtained in this paper, which suggest that Kimcoat® is subject to the same physical,
chemical, and biological phenomena as conventional urea. Petean et al. (2019) studied
organic polymer latex-based fertilizers and observed the release of 94.1 to 97.8 % of the
applied N by 74 days after application; that is, with Kimcoat®, N was released 74 times
faster than N was released from the other fertilizers studied by Petean et al. (2019).

The quasi-Fickian diffusion observed with Agrocote® and FortBlen® indicates that mineral
elements partially diffuse through an expanded polymer matrix with water-filled pores
(Alharbi et al., 2018). Quasi-Fickian diffusion is governed by Fick’s laws and polymeric
matrix swelling and relaxation but features a lower granule diffusion rate than that
during polymeric matrix swelling and relaxation. According to Lopes et al. (2005), the
swelling and relaxation of the polymeric matrix involve a transition from a semirigid state
to a more flexible state. When this phenomenon occurs in the PCUs, in addition to the
diffusion that occurs, expansion and, consequently, relaxation of the granule coating
layer occurs during N release.

The diffusion was highest with FortBlen® (Figure 2b) because it has a thicker coating layer
than Agrocote®, thus requiring more intense swelling and relaxation of the polymeric
matrix to release the N. The reduction in diffusion over time observed with Agrocote® and
FortBlen® demonstrate that N release occurred due to the differences in concentration
between the matrix and dissolution medium, which tend to reach phase equilibrium
(Van Milligen et al., 2005).

N-NH; volatilization with the conventional and CRFs

The air relative humidity in the first 72 h after the application of the fertilizers exceeded
the critical relative humidity of urea, a condition that triggers fertilizer dissolution (Skujins
and McLaren, 1971). Fertilizer dissolution provides favorable conditions for volatilization.
The observed sigmoidal model of cumulative N-NH; volatilization results from an increase
in urease enzyme activity (Vale et al., 2014), through which protons are consumed by
urea hydrolysis, thereby increasing the soil pH around fertilizer granules to as much
as 8.7 and changing the balance between NH," and NH; (Rochette et al., 2009). After
achieving maximum loss, the NH; volatilization flux decreased over time due to the
gradual reduction in pH and the stabilization of N in the form of N-NH," instead of N-NH,
(Otto et al., 2017).

Kimcoat® inefficiently reduced N-NH; losses because of its lack of coating and behaved
similarly to conventional urea in terms of N losses, as mentioned by Martins et al. (2014).
In turn, the coatings of Agrocote® and FortBlen® contributed to the reduction in gaseous
N-NH; emissions. Several studies have shown the promising potential of coating urea to
decrease the N loss that occurs through volatilization (Pereira et al., 2009; Zhao et al.,
2013; Nash et al., 2015; Pan et al., 2016; Ke et al., 2017; Kaneko et al., 2019). In the
study performed by Zhao et al. (2013) and in the present study, the N-NH; losses ranged
from 78.8 to 46.5 % and were lower in the PCU treatments than in the common fertilizer
treatments. In @ meta-analysis, Pan et al. (2016) observed that coated urea fertilizers,
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such as thermoplastic resin-coated urea, sulfur-coated urea, and polyolefin-coated urea,
significantly reduced NH; volatilization by 82.7, 78.4, and 69.4 %, respectively.

The 36.4 % reduction in N-NH; losses observed with FortBlen® compared with those for
uncoated urea was similar to the 37 % reduction found by Cancellier et al. (2016) when
using polymer-sulfur-coated urea. Similarly, Kaneko et al. (2019) observed a 22.7 %
reduction in N-NH; losses under field conditions when using PCU compared with those
for uncoated urea.

Although some PCUs have been found to reduce N-NH; volatilization, no delay of the
peak in ammonia volatilization has been observed with PCUs. However, Ke et al. (2017),
studying different CRFs, reported that PCUs had the potential to reduce ammonia
volatilization mainly because of a delay in the peak ammonia volatilization to 20 days.
The divergence between these results demonstrates the complexity of the environmental
and intrinsic factors affecting each fertilizer, the N losses, and the dynamics of the
cropping system.

Nitrogen content and dry matter production

In this study, PCUs were not efficient in improving the leaf N content or dry matter yield
compared to those for readily soluble sources. The leaf N content was within the suitable
range for second-season corn only with the use of ammonium sulfate; the other amidic
sources tested resulted in N contents that were close to the lower limit, ranging from 27
to 35 g kg™ N (Pauletti and Motta, 2019). These results are similar to those observed by
Zavaschi et al. (2014), whose use of PCUs did not increase the leaf N concentrations or
grain yield relative to those obtained with uncoated urea. Similarly, Rubin et al. (2016)
showed that at a rate of 180 kg N ha™, no difference existed in corn yield among PCU,
urea with urease and nitrification inhibitors, and a 50/50 blend of PCU and urea averaged
across 12 site-years. Other studies also point to the inefficiency of PCUs in improving
crop yields when compared to uncoated urea (Pereira et al., 2009; Cabhill et al., 2010;
Civardi et al., 2011; Prando et al., 2013).

Some studies have suggested that PCUs significantly increase yield and NUE compared
to uncoated urea (Noellsch et al., 2009; Ye et al., 2013; Zhao et al., 2013). Zhao et al.
(2013), studying the effect controlled-release fertilizer on NUE in summer corn, observed
that the grain yield, NUE and N recovery were higher with the PCU than with the common
compound fertilizer. Nevertheless, these authors suggest that the increase in grain yield
and NUE with the PCU was generally attributable to the higher photosynthetic rate and
lower ammonia volatilization than those with common fertilizer.

Although the benefits of PCUs are usually realized when the environmental conditions
are causing substantial N loss (Ruark et al., 2018), in our study, reducing the N-NH,
losses with the use of PCUs did not result in an increase in the leaf N content or dry
matter yield compared to those with uncoated urea. It is possible that N release from
fertilizers was not “slow” enough to supply N to corn in the final stages of the growth
cycle since even the fertilizer with the slowest release (FortBlen®) released 70 % of the
N by 7 days after N fertilization (Figure 2a). In addition, the N supplied by the soil, plus
the N supplied at planting and broadcast application (even in the urea treatment) were
enough to satisfy the demand of the plants, explaining the lack of significant difference
among the N sources. Silva et al. (2017) demonstrated that in environments in which
N is not a limiting factor, the N retained because of reduced NHj; loss is less likely to
influence yield. In the same vein, Cantarella et al. (2018) reported that, in many cases,
most of the N uptake by crops comes from the soil, and N from the fertilizer, although
important, is complementary.

New studies evaluating N dynamics and crop performance are needed to prove the
effectiveness of this technology in agriculture.
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CONCLUSION

Polymer-coated urea fertilizers that have more layers and thicker coatings release N
more gradually and over a longer period, reducing N-NH; losses by 36.4 % over those
with uncoated urea.

Kimcoat® was not effective at controlling N release and released approximately 98 % of
the N applied within 24 hours, ultimately resulting in accumulated N-NH; volatilization
and responses in second-season corn similar to those achieved with uncoated urea.

Although no benefits were observed in second-season corn for PCUs over uncoated nitrogen
sources, the technology employed in Agrocote® and FortBlen® promoted more gradual
N release and reduced N-NH; volatilization, thereby providing promising alternatives for
environments prone to N loss.
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