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Abstract

Urea is the nitrogen fertilizer most used in agriculture and the most subject to N losses. Thus, it is important to
look for alternatives to reduce these losses and increase agronomic N use efficiency. In this sense, this study
evaluates the effect of split or single application of slow-release and conventional urea in maize development and
yield, as well as the fertilizer use efficiency by plants. The experiment was carried out in Santa Rosa do Sul - SC,
in a randomized complete block design with 5 treatments and 3 replicates. The treatments evaluated were: con-
trol; 100% of the recommended dose of conventional urea at sowing; 30% of the recommended dose of conven-
tional urea at sowing and 70% at topdressing; 100% of the recommended dose of slow-release urea at sowing;
30% of the recommended dose of slow-release urea at sowing and 70% at topdressing. The variables analyzed
were ear insertion height, stem diameter, leaf chlorophyll content (R1 stage), yield components, crop yield, and
nitrogen use efficiency. The split application of slow-release urea to the soil positively affected stem diameter and
nitrogen use efficiency in maize plants, being, therefore, a good fertilization alternative for the crop in the soil and
climate conditions of the region.

Additional keywords: encapsulated fertilizer; nitrogen; Sulfammo®; Zea mays L.

Resumo

A ureia é o fertilizante nitrogenado mais empregado na agricultura e, também, o mais sujeito a perdas de N. Por
isso, é importante buscar alternativas para reduzir estas perdas e aumentar a eficiéncia agrondmica no uso de N.
Diante disso, o objetivo do estudo foi avaliar o efeito da aplicacdo de ureia de liberacéo lenta e a convencional,
parcelada ou em dose Unica, no desenvolvimento e na produtividade da cultura do milho, bem como a eficiéncia
do uso destes fertilizantes pelas plantas. O experimento foi realizado em Santa Rosa do Sul - SC, no delinea-
mento experimental de blocos ao acaso, com 5 tratamentos e 3 repeticdes. Os tratamentos avaliados foram:
testemunha; 100% da dose recomendada de ureia convencional na semeadura; 30% da dose recomendada de
ureia convencional na semeadura e 70% em cobertura; 100% da dose recomendada de ureia de liberagéo lenta
na semeadura; 30% da dose recomendada de ureia de liberacdo lenta na semeadura e 70% em cobertura. As
variaveis analisadas foram: altura de insercéo da espiga, didmetro do colmo, teor de clorofila da folha (no estadio
R1), componentes de rendimento, produtividade da cultura e eficiéncia do uso de nitrogénio. A aplica¢éo parce-
lada de ureia de liberac&o lenta influenciou positivamente o didmetro do colmo e a eficiéncia do uso do nitrogénio
pelas plantas de milho, sendo, portanto, uma boa alternativa de aduba¢&o para a cultura nas condi¢cdes de solo e
de clima da regido.

Palavras-chave adicionais: fertilizante encapsulado; nitrogénio; Sulfammo®; Zea mays L.

Introduction The crop has several applications, ranging from animal

feed; human food, in the form of flours, oils, and flakes;

Maize has high economic importance in agri-  to the high technology industry, such as biofuel pro-

cultural production, being consumed and cultivated in  duction (Guo et al., 2017). Nitrogen (N) is the nutrient
several parts of the world due to its nutritional qualities.  that is most required by the maize crop, and the one
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that overcharges the production of this cereal the most
(Civardi et al., 2011).

Among the sources of nitrogen fertilizers used
in agriculture, urea stands out as a cheap, easy-to-
-acquire source with high concentration of this nutrient.
However, urea can be easily lost through the pro-
cesses of erosion, leaching, volatilization, and
denitrification (Austin et al., 2013), being considered
the most difficult fertilizer to be used in tropical and
subtropical soil. In addition to urea, other N sources are
available in the market, such as ammonium sulfate and
ammonium nitrate. Moreover, one of the technologies
that is gaining ground in agriculture is slow-release
fertilizers. After application, these fertilizers delay nutri-
ent solubilization, nutrient availability for absorption,
and nutrient use by plants, or significantly prolong the
release time of the nutrient in the soil when compared
to traditional soluble sources (Chien et al., 2009). In
traditional fertilizers, solubilization is linked to
edaphoclimatic conditions. In controlled-release fertiliz-
ers, in turn, solubilization is dependent on the thickness
of the membrane covering the granule, which controls
water intake and reduces nutrient dissolution (Sangoi
et al., 2016).

The main advantages of the use of slow-
release nitrogen fertilizers are reduced losses by volat-
ilization, leaching, and denitrification; regular and con-
tinuous supply of nutrients to the plants; less frequency
of application to the soil; reduction of damage to seeds
and roots caused by high concentration of salts;
reduced contamination of groundwater and surface
water caused by nitrate (NO3z); and reduced production
costs (Valderrama et al., 2009; Sangoi et al., 2016).

Studies have shown that the use of these ferti-
lizers is an effective strategy to increase and improve N
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supply in maize, besides allowing total N fertilization to
take place at sowing (Bono et al., 2008; Frazéo et al.,
2014). Also, when high N rates are required in the soil
(above 100 kg hal), slow-release urea is the most
indicated source, since it is able to gradually release
the necessary N for plants, further enabling single dose
application at sowing (Farmaha & Sims, 2013).

Conventional urea incorporated into the soil
has a higher agronomic efficiency when compared to
slow-release urea, since it is cheaper than the latter
(Civardi et al., 2011). However, this practice becomes
unfeasible when using no-tillage system. Hence, new
studies are needed to clarify the disadvantages and
advantages of the use of this fertilizer in agriculture,
especially in the conditions of the south region of Bra-
zil, where there are few studies on the use of slow-
release urea.

Therefore, this study evaluates the effect of
the application of slow-release and conventional urea
at different times, analyzing maize development and
yield, as well as the fertilizer use efficiency by plants.

Materials and methods

The experiment was conducted from Novem-
ber 2017 to April 2018 in Santa Rosa do Sul - SC,
located between the following coordinates: 29°06'56"
South latitude and 49°48'56" West longitude. The soil
is classified as Red Argisol (EMBRAPA, 2013).

According to the Koppen classification, the
climate of the region is type Cfa, subtropical humid,
with mean annual temperature of 19.2 °C and mean
annual rainfall of 1600 mm. Figure 1 shows the daily
rainfall and temperature data during the period of the
experiment.

[ Precipitation daily (mm)
—— Mean temperature (°C)

Mean temperature (°C)

80 100 120 140

Days after sowing

Figure 1 — Precipitation (rainfall) daily values and mean air temperature recorded during the experiment. Data
obtained at Ararangud, SC, experimental station in the period of 11/25/2017 to 4/19/2018. Source: Brazilian Agri-
cultural Research Corporation of Santa Catarina (EPAGRI).
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A soil analysis was performed prior to the
installation of the experiment to evaluate chemical
attributes (Table 1) and clay percentage. Samples
were randomly collected in the experimental area, at
0-0.2 m depth, using a Dutch auger. Next, these

samples were taken to the laboratory for further
analysis. The results were interpreted with the aid of
the Liming and Fertilizing Manual for the states of Rio
Grande do Sul and Santa Catarina (CQFS, 2016),
based on the expected yield of 10 t ha™.

Table 1 - Chemical attributes and clay percentage of the experimental area soil in the layer 0-0,2 m.

MpH @pH ©OK ©ep @Ca “Mg @Al OH+Al OCECp0 “POM  Clay
P SMP G R T —— (cmolc dm?) (%)
6.7 73 649 359 6.7 54 0.0 1.1 15.6 5.0 75

@pH in water; @ pH measured after addition of SMP solution; ®P and K: Mehlich-1 extractor; ¥Ca, Mg and Al: extractor KCI
1 mol LY, ®H + Al: extractor calcium acetate 0.5 mol L%; ®CECpu70: cation exchange capacity at pH 7.0; PO.M.: Organic

matter = C.org x 1.724.

The experimental design was a randomized
complete block design with five treatments and three
replicates. Treatments consisted of two nitrogen
sources and two application times: T1 - control, without
N application; T2 - 100% of the N rate in the form of
conventional urea (CU) at sowing; T3 - 30% of the
recommended N rate in the form of conventional urea
at sowing and 70% at topdressing; T4 - 100% of the
recommended N rate in the form of slow-release urea
(Sulfammo®) at sowing; T5 - 30% of the recom-
mended N rate in the form of slow-release urea (SRU)
at sowing and 70% at topdressing.

Sowing was performed in a no-tillage system,
under white oat straw (Avena sativa), on November 29,
2017. The simple hybrid Agroeste 1551 Pro2 was used
to obtain a population of 65,000 plants in the spacing of
0.65 m between rows. Each plot was composed of six
5-m long planting rows, totaling an area of 19.5 m? per
experimental plot. In the evaluation of yield and yield
components, the two central rows of each plot were
considered as useful area (6.5 m?).

Base fertilization comprised 112 kg ha® N as
conventional urea (45% N) and slow-release urea
(29% N), according to each treatment; 140 kg ha* K20
and 150 kg ha* P2Os as potassium chloride (58% K:O)
and triple superphosphate (41% P20s), respectively.
Topdressing nitrogen fertilization was performed with
the corresponding dose of each treatment at 26 days
after sowing (DAS), when plants were at the V4
phenological stage.

Weed control was carried out in post-emer-
gence with the aid of a backpack equipment, using the
herbicide glyphosate due to the resistance of the culti-
var to the compound. The predominant weeds in the
experiment area were tropical spiderwort (Commelina
benghalensis) and wild buckwheat (Polygonum con-
volvulus). Control of leaf-cutting ants was performed at
7 days after emergence (DAE) with fipronil-based
granular insecticide (0.01%).

Soil levels of ammonium (NHs*) and nitrate
(NO3") were determined to verify the stabilization mo-
ment of N values and to associate it with the time of
release of the fertilizers in the soil. Evaluations started
at 13 DAS on December 12, 2017 and were repeated
every 7 days to verify the behavior of fertilizers after
their application. Collections ended on January 3,

2018, when N values stabilized.

Samples were collected using a Dutch auger
at 0-0.1 m depth. Three subsamples were taken to
compose a sample, one in the row and two in between
rows in each experimental plot. Immediately after re-
moval, samples were taken to the laboratory for
extraction and determination of soil N by distillation
(Tedesco et al., 1995).

When the crop reached the R1 phenological
stage, leaf chlorophyll content, ear insertion height, and
stem diameter were analyzed in eight plants in the
useful area of each plot. Leaf N content was measured
with the electronic chlorophyll meter clorofiLOG, model
CFL1030, using the index leaf for the reading, which
corresponds to the leaf located in the same stem node
where the main ear is inserted (Mota et al., 2015). Ear
insertion height was measured from the ground to the
ear base with the aid of a tape measure. Stem diame-
ter was determined by means of a manual pachymeter,
at 0.2 m above the ground.

Harvest was done manually in the useful area
of each plot on April 19, 2018, at 137 DAE, when
grains presented about 24% moisture. All ears from the
useful area of the plots were harvested and the straw
was removed. Subsequently, the following evaluations
were performed: Ear diameter, measured with a digital
pachymeter in the middle region of the ear; Ear length,
with a digital pachymeter measuring the distance from
the first to the last grain; Number of rows per ear:
counting each ear individually; Number of grains per
row and Number of grains per ear: determined from
the count of 20 ears representative of each plot,
counting all grains.

After evaluation of yield components, all ears
were manually threshed to determine crop yield. The
grains from each plot were weighed in an analytical
balance and the grain moisture of each plot was
determined with an electronic meter, model Motomco
919 FOB. Yield was determined from weight and hu-
midity data with the aid of Calcagro application (version
1.0.6).

Nitrogen use efficiency was calculated through
Equation 1.

NUE = (Yf - Ywf)/ANa @)
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Wherein: NUE is the agronomic efficiency (kg kg?), Yf
is the grain yield with nitrogen fertilizer (kg), Ywf is the
grain yield without nitrogen fertilizer (kg), and ANa is
the amount of N applied (kg).

Data regarding the performed evaluations
were submitted to analysis of variance and F test
(p<0.05). When significant, the means were compared
by the Tukey test (p<0.05) with the aid of the SISVAR
program, version 5.6.

Results and discussion

With different sources and application times,
N-NOs™ contents presented similar behavior throughout
the evaluation period, with a peak at 20 days after

sowing (Figure 2). Topdressing fertilization occurred at
16 days after sowing, which explains the more marked
increase in nitrate content when SRU was split applied
(T5). In the split application of conventional urea (T3),
the increase was much lower when compared to the
split application of SRU, since with immediate
solubilization the compound becomes more suscepti-
ble to losses. The decrease in contents after 20 DAS
can be due to leaching losses, favored by high rainfall
in the period (Figure 1). Although the use of slow-re-
lease fertilizers may delay urea hydrolysis and, conse-
quently, the nitrification process, it is not efficient in
reducing leaching losses accumulated for a certain a
period (Dal Molin et al., 2018).
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Figure 2 - N-NOs soail contents (mg kg™) according to nitrogen sources and application: T1 - control; T2 — con-
ventional urea in total dose at sowing; T3 — conventional urea split (sowing and topdressing); T4 — slow release
urea in total dose at sowing; T5 — slow release urea split (sowing and topdressing).

For N-NH4* contents, there are differences in
the release behavior of the nitrogen source (Figure 3).
Slow-release urea (SRU) allowed frequent and gradual
release for 28 days after sowing, regardless of the time
of N application. With the use of CU, there was a slight
decrease in availability when the application was made
at planting, followed by an increase from 20 DAS. The
same behavior was observed in the control and in the
treatment with split application of urea. This decrease

may be due to nitrification, favored by pH conditions
above 6.0 (Silva et al., 2005), since it coincides with
the increase of NOs™ in the same period (Figure 2). The
subsequent increase, even in the treatments with no
topdressing application, is probably due to the miner-
alization of organic matter by microorganisms (aiming
at the addition or maintenance of the available soil N)
and/or by white oat straw decomposition, which was
already in an advanced stage.
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Figure 3 - N-NH4* soil contents (mg kg?) according to nitrogen sources and application: T1 - control; T2 — con-
ventional urea in total dose at sowing; T3 — conventional urea split (sowing and topdressing); T4 — slow release
urea in total dose at sowing; T5 — slow release urea split (sowing and topdressing).

The NH4* contents obtained in the first evalua-
tion were much higher in the treatment with SRU appli-
cation at sowing compared to the CU applied in the
same period (Figure 3). This is due to the higher losses
occurring by volatilization with the use of conventional
urea, which is rapidly solubilized (Martins et al., 2014),
resulting in a peak of ammonia volatilization occurring
in the first four days after fertilizer application (Faria et
al., 2013). These losses are favored by the conditions
observed in the present study, such as high pH, high
temperatures, and average soil moisture (Ernani, 2016;
Tasca et al., 2011).

Knowledge of the N-NH4*/N-NOz3" ratio in the
cultivation system is of great importance in plant N
uptake, since N is predominantly absorbed by the roots
in the form of NH4* and NOs™ (Silva et al. 2010). Nor-
mally, NOs™ is the most absorbed source, but the form
of N absorption depends, among other factors, on soil
pH: NH4" absorption is favored by high pH, contrary to
NOs", which is favored by low pH (Ruaro et al., 2009).

Regarding availability, soil pH below 6.0 tends
to favor the permanence of N as NH4*, retarding the
nitrification process (Silva et al., 2005). In the present

study, higher levels of NH4* were observed in relation
to NOs™ at the end of the evaluation period, even with
soil pH above 6.0. This was possibly due to the contri-
bution of NH4* provided by the mineralization of
organic matter, contrasting to NOs™ losses by leaching.
According to the literature, the use of cover crops may
provide higher amounts of ammonium in the soil
(Malavolta, 1980; Holzschuh et al., 2009). Although
grasses have a high C/N ratio, which in many situa-
tions may reduce soil N availability, this does not pre-
vent an increase in nitrogen content, especially when
there is an adequate supply of this nutrient in the soil.

Considering the availability of total mineral N
(NHs" + NOg), the treatment with SRU application at
sowing was superior to the others, since it provided the
highest levels throughout the evaluated period, indi-
cating that it is possible to avoid topdressing applica-
tion and guarantee an adequate N supply to the plants.

Analysis of variance showed that the treat-
ments did not affect ear insertion height, while leaf
chlorophyll content presented a lower value only in the
control treatment. Stem diameter differed significantly
among all treatments (Table 2).
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Table 2 — Leaf chlorophyll content, stem diameter and ear insertion height with N application as conventional urea
(CU) and slow release urea (SRU) with application at sowing or splitted at sowing plus in topdressing.

Stem diameter Ear insertion height

Treatments Leaf chlorophyll content (mm) (cm)

T1 — Control 50.31b 19.52 ¢ 152.00 a
T2 - CU (sowing) 58.73 a 23.10b 146.96 a
T3 - CU (sowing and topdressing) 58.58 a 24.50 ab 150.08 a
T4 — SRU (sowing) 58.66 a 25.26 ab 147.46 a
T5 — SRU (sowing and topdressing) 61.01 a 25.90 a 148.66 a
CV (%) 1.74 3.34 1.76

Means followed by the same letters in the columns do not differ from each other by the Tukey test (p > 0.05).

According to Vargas et al. (2012), leaf chloro-
phyll content is a good parameter to evaluate soil N
availability and may be more indicative than mineral
soil N content. Thus, except for the control, all treat-
ments provided sufficient levels for plant development.
The frequent and well distributed rains during the crop
cycle (Figure 1) favored the solubilization of both ferti-
lizers, guaranteeing an adequate supply.

According to Argenta et al. (2001), the ade-
guate level of N in maize leaves, when measured with
SPAD chlorophyll meter, is around 58.0 at the R1 de-
velopment stage, which highlights the results found in
the present study. Testing rates of conventional urea
and urea coated by different polymers in a dystrophic
Red Latosol, Valderrama et al. (2014) obtained aver-
age chlorophyll contents around 63, with no differences
between treatments, showing that the use of urea with
different coatings did not affect the nutritional status (N)
of the plant.

The lowest stem diameter was observed in the
control, without N application, and the highest values
were found in the treatments with split application of
SRU at sowing (Table 2). This is due to the fact that N
acts in vegetative growth, directly influencing cellular
division, expansion, and the photosynthetic process,

promoting an increase in plant height and stem diam-
eter (Silva et al., 2005; Fornasieri Filho, 2007). The
application time and dose splitting can affect stem
diameter, providing or not the nutrient in the period of
greater demand by the plant, but the absence of nitro-
gen fertilization results in thinner stems (Cruz et al.,
2008).

Stem growth in maize plants happens mainly
from the emission of the eighth leaf, extending until
flowering. Moreover, the stem not only acts as a sup-
port for leaves and inflorescences, but mainly as a
structure intended for the storage of soluble solids that
will be used for grain formation. Thus, the stem diam-
eter of maize plants is very important to achieve high
grain yield. The larger the stem diameter, the greater
the plant’s capacity to store photoassimilates that will
contribute to grain filing (Fancelli & Dourado Neto,
2000).

Yield components were not influenced by ap-
plication times and N sources (Table 3). With the ex-
ception of ear diameter, which showed no difference in
any treatment, the other variables presented significant
results only when the treatments were compared to the
control.

Table 3 - Number of grains per row, number of rows per ear, number of grains per ear, diameter of ear and length
of ear with N application as conventional urea (CU) and slow release urea (SRU) with application at sowing or

splitted at sowing plus in topdressing.

Treatments Grains/  Rows/ Grains/  Ear diameter Ear length
row Ear Ear (cm) (cm)
T1 - Control 29.3b 13.8b 400.0 b 44 a 121b
T2 - CU (sowing) 35.3a 146 a 506.3 a 45 a 14.2a
T3 - CU (sowing and topdressing) 35.3a 15.0a 510.0 a 4.6 a 143 a
T4 — SRU (sowing) 35.0a 14.7 a 507.7 a 4.6 a 14.7 a
T5 — SRU (sowing and topdressing) 36.0a 15.0a 529.7 a 4.6 a 14.4 a
CV (%) 4.48 1.38 3.46 1.94 2.44

Means followed by the same letters in the columns do not differ from each other by the Tukey test (p > 0.05).

Mean ear length is one of the variables that
can directly interfere with maize yield and number of
grains per row (Kappes et al., 2009). Ear length is de-
fined when the plants have 12 fully expanded leaves;
any adversity such as lack or excess of nutrients may
result in a reduction in this variable and, as a conse-
guence, a reduction in yield (Dourado Neto et al.,
2004).

Ear diameter, in turn, is often related to grain
filling and to the number of grain rows per ear (Ohland
et al., 2005). According to studies, the number of rows
per ear is a component dependent on the plant's ge-
netic potential and on environmental conditions
(Valderrama et al., 2011; Caires & Milla, 2016). For this
reason, there was no interaction between N sources
and application times in this study.
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Nitrogen fertilization increased the average
maize yield by 30% compared to the control treatment.
Moreover, thousand grain weight, one of the main yield

components, was also increased (Table 4). Notwith-
standing, the number of ears per hectare was not sig-
nificantly altered by treatments.

Table 4 - Number of ear per hectare, mass of a thousand grains and corn yield with N application as conventional
urea (UC) and slow release urea (ULL) with application at sowing or splitted at sowing plus in topdressing.

Treatments Ears per hectare Mass_ of 1000 Yield
grains (g) (kg hat)
T1 - Control 57949 a® 261.3b 6149 c
T2 - CU (sowing) 60000 a 287.0 ab 7133 ab
T3 - CU (sowing and topdressing) 65641 a 316.0a 8369 ab
T4 — SRU (sowing) 65128 a 3243 a 7944 ab
T5 — SRU (sowing and topdressing) 61538 a 332.0a 8615 a
CV (%) 12.67 5.80 10.94
MSD® 22191.27 49.73 2359.73

®MSD = minimum significant difference. ®Means followed by the same letters in the columns do not differ from each other by

the Tukey test (p > 0.05).

The highest values of thousand grain weight
were verified in treatments with N application com-
pared to the control (Table 4). The same result was
observed in the studies conducted by Cruz et al.
(2008) and Queiroz et al. (2011), who found differ-
ences only in relation to the control or with increasing N
rates, regardless of the application time or source,
respectively. On the other hand, in the studies of Bono
et al. (2008) and Guareschi et al. (2013), in addition to
increased nutrient availability, the use of slow-release
urea resulted in a higher thousand grain weight com-
pared to the use of conventional urea, also improving
seed physiological quality. These different results in the
literature can occur due to differences between the
genetic materials used in the research and especially
due to the environmental conditions of the experi-
ments, since the water regime may influence the re-
sponse potential (Martins et al., 2014).

Regarding vyield, there was also a statistical
difference between the treatments that received fertili-
zation and the control (Table 4). The highest absolute
values were obtained with split SRU application, which
promoted an increase of 28.63% in crop yield com-
pared to the control. Studies have shown that split N

application results in higher yields, since a better distri-
bution allows higher uptake by the crop and lower
losses in the system (Da Ros et al., 2003; Silva et al.,
2005). Moreover, the literature also points to increased
yield with the use of more efficient fertilizers, such as
slow-release urea (Guareschi et al., 2013; Frazdo et
al., 2014). Nevertheless, this increase is conditioned to
water availability (Faria et al., 2013; Martins et al.,
2014).

The number of ears per hectare, which is di-
rectly related to the number of ears per plant, did not
present significant differences between treatments.
The number of ears per plant is a production compo-
nent that undergoes genetic influence. Some maize
hybrids (such as that of the present study) are prolific,
that is, they may present one to two ears per plant un-
der favorable environmental conditions (Albuquerque
et al., 2013). Notwithstanding, the experiment showed
that although each plant emitted two ears, only one
managed to complete its development.

Nitrogen use efficiency was affected by the
treatments. The highest efficiency was obtained with
split SRU application, while the other treatments did
not differ among themselves (Table 5).

Table 5 - Nitrogen use efficiency (NUE) by maize crop with N application as conventional urea (CU) and slow
release urea (SRU) with application at sowing or splitted at sowing plus in topdressing.

Treatments NUE (kg kg)
T1 - Control -

T2 - CU (sowing) 8.79b
T3 - CU (sowing and topdressing) 19.82 b
T4 — SRU (sowing) 16.03 b
T5 — SRU (sowing and topdressing) 22.02 a
CV (%) 56.87

Means followed by the same letters in the columns do not differ from each other by the Tukey test (p > 0.05).

The low efficiency found with total CU applica-
tion at sowing compared to split SRU application is due
to the fact that CU, like most nitrogen fertilizers, is a
water-soluble fertilizer, quickly converted into forms
that can be lost by leaching or volatilization. This re-

duces the nutrient use efficiency of cereals, especially
when fertilizers are applied in large quantities and with
a single application (Fan et al., 2004).

Similarly, single SRU application at sowing
also resulted in a lower N use efficiency by the plants
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when compared to split SRU application. Despite re-
ducing ammonia volatilization losses (Nascimento et
al., 2013), frequent rains may increase leaching losses
(Martins et al., 2014; Dal Molin et al., 2018). This may
have been one of the factors that led to such results. In
the first thirty days after sowing, rainfall of more than 60
mm occurred in only one day (Figure 1), thus reducing
the period of nutrient availability to the plant.

Conclusions

Under high rainfall conditions, slow-release
urea may be an alternative for maize nutrition, since it
increases the nutrient use efficiency of plants when
split applied.

The application of slow-release urea resulted
in an increase in maize stem diameter due to the
longer time for N release in the soil, with greater use by
the plant.
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