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Abstract. Nitrogen is the most demanded element with the most complex management and with the highest responses
in productivity in the corn crop, of the principal source of nitrogen supplies, but the urea is inefficient due to its
volatilization. The objective of this work was to evaluate the agronomic performance and the efficiency of the urease
inhibitor in formulations containing urea, applied in five different commercial corn hybrids in Sinop - MT. The
experimental design was in randomized blocks, in a 3 x 5 factorial scheme with three replications. The first factor
consisted of three cover fertilizations: control (without application of fertilizer); fertilization with 250 kg ha-1 of urea and
fertilization with 250 kg ha-1 of urea with the presence of the urease inhibitor (UREMAX®) NBPT. The second factor was
five corn hybrids: 2B433, DKB255, DKB335, NS45 and SYN522. It was found that all hybrids had greater growth and
productivity when they received the urease inhibitor, in relation to the treatment without coverage. The hybrids DKB 255,
2B433 and SYN 522, the treatment with UREMAX® reached the highest productivity. The most prominent hybrid in
productivity was DKB 255, which reached 9600 kg ha-1, with UREMAX® in cover fertilization, about 31% more than the
treatment without urea coverage, and with gains of 18% in relation to urea.

Keywords: Zea mays, no-till, urea, nitrate, ammonium. Demand of nitrogen in maize. Grain yield.

Introduction productivity and extraction of elements. The
Second crop corn in the state of Mato nutrients most required by corn are nitrogen (N) and
Grosso is of paramount importance for grain  potassium (K), followed by calcium (Ca), magnesium
production throughout the country. In the 2017/18 (Mg) and phosphorus (P) (Coelho and Resende,
crop, production reached 26,201,200 tons of corn in ~ 2008).
the state, representing around 50% of Brazil's In the initial phase of corn development,
second crop corn production. In the 2019/20 about 20 to 30% of the total extraction of nutrients
harvest, the participation of Mato Grosso in corn takes place, with a gradual evolution to the
production had a great increase, something weighting stage, which limits the end of absorption
estimated at 31,144.50 thousand tons, an increase for N, P, K and Mg. In order to have a response in
of 8% in the cultivated area and 18.2% in productivity, it is necessary to fertilize the corn in the
productivity, favored by the regular rainy season, first 30 days after germination, in addition to being
which allowed a bigger window in the sowing and a the correct time for the plant, there is ease in the

full development of the plant (CONAB, 2019). operation of the machinery between the corn lines
The sowing time of corn in the second crop  (Resende et al., 2018).
occurs between the months of January and March, The main nutrient in the composition of corn

depending on the planning of the previous crop. is nitrogen, whose main source of fertilizer is urea.
Because it is a C4 species, corn is more efficientin  Of all N absorbed by corn, about 75% is
the production of carbohydrates that will be used in  translocated to the grain, therefore directly wrapped
the production of grain. However, some factors with grain weight. The lack of the nutrient affects the
influence productivity, such as hybrid, fertilization, number of grains and the size of the ear (IFA, 2016).

soil type, climatic factors, pest incidence and The stable forms of N in the soil and
adopted management (Bergamaschi and absorbed by plants are ammonium (NH4 +) and
Matzenauer, 2014). nitrate (NO3-). Urea, upon contact with the urease

Soil fertility is a limiting factor in maize enzyme, undergoes the breakdown of molecules,
productivity, with a linear relationship between transforming N into ammonia, a volatile compound,
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allowing the occurrence of loss through ammonia
volatilization, causing losses of up to 22% of all
nitrogen applied to the soil in rice culture (Scivittaro
et al., 2010).

In the no-tillage system, the loss of urea is
greater, as in this system there is a greater amount
of the urease enzyme and the contact of the fertilizer
directly with the solil is less, reducing the absorption
of ammonium. In order to avoid losses due to
volatilization, alternatives have been sought, among
them the application of urea protected with
polymers, other sources of nitrogen such as
ammonium sulfate and urea with urease inhibitor
(NBPT). These fertilizers can be used in the mixture
of formulates, establishing at the end of the
formulation process the composition of “urea +
ammonium sulfate + protected urea”, forming an
adequate amount of N, with different periods of
nutrient release, mitigating losses (Tasca et al.,
2011).

Given the above, the objective of the work
was to evaluate whether the presence of urease
inhibitors in formulations containing urea and
ammonium sulfate, influences the response of
different commercial corn hybrids, in the Sinop - MT
region.

Methods

The experiment was carried out from
February to June 2019, in a commercial area of
coordinates (11 ° 37°38 "S and 55 ° 26°38” W) on
the edge of BR - 163, in the “Mercedes” land area, in
the municipality of Sinop-MT. The altitude of the
place is 380 m and the climate of the region,
according to the Koppen classification, is of the type
Am, with an average annual rainfall of 2000 mm and
an average annual temperature of 25°C, with two
well-defined seasons, rainy from October to April
and dry from May to September. (Souza et al,
2013).

Before preparing the area and sowing, soil
sampling was performed at a depth of 0-20 cm,
collecting five simple samples, which constituted a
composite sample. After collection, the sample was
sent to an accredited soil analysis laboratory for
chemical and physical analysis of the soil and the
following results were obtained: pH (H20): 5.8; pH
(CaCl2): 5.1; P: 32.82 mg / dm3; K: 68 mg / dm3; K:
0.07 cmol / dm3; Ca: 4.10 cmol / dm3; Mg: 0.6 cmol
/ dm3; Al: 0 cmol / dm3; H: 4.13 cmol / dm3; H + Al:
4.13 cmol / dm3; M.O .: 21.74 g / dm3; Sum of
Bases: 4.77 cmol / dm3; CTC at pH 7.0: 8.9 cmol /
dm3; V%: 53.63; Ca/ Mg: 6.87; Ca / K: 58.63; Mg /
K: 8.53; Ca + Mg / K: 67.16; Sand: 729 g / dm3; Silt:
32 gm / dm3; Clay: 239 gm / dm3. Therefore,
according to Sousa and Lobato (2004) the soil as
medium texture, P content in the high soil, K content
in the appropriate soil, adequate Ca content,
adequate Mg content. The soil is classified as a
dystrophic Yellow Latosol (Santos et al., 2013).

The experimental design was in randomized
blocks, in a 3 x 5 factorial scheme, with three
replications, totaling 15 treatments and 45
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experimental units. The first factor, with three levels
of different cover fertilizations in the V4 stage of corn
(4 fully expanded leaves): control (without the
application of fertilizer); fertilization with 250 kg ha-1
of the formulated 25-00-18, without the presence of
a urease inhibitor; cover fertilization with 250 kg ha-1
of the formulated 25-00-18, using the urea inhibitor:
N- (nbutil) thiophosphoric triamide - NBPT, trade
name UREMAX®. Potassium fertilization was
standardized in all plots. The second factor with five
corn hybrids, namely: 2B433, DKB255, DKB335,
NS45 and SYN522.

The plots consisted of five sowing lines, five
meters long, totaling 12.5 m2 and the useful plot
was made up of four central meters of the lines,
excluding 0.5 m from the ends of three central lines
except the two lateral lines that were considered
border, totaling 8 m2 of useful plot.

The experiment area was opened more than
ten years ago and has been going through the
soybean / corn succession since then, in the
minimum cultivation system, since the producer
does not carry out any type of soil movement. The
experiment was sown on February 8, 2019, sowing
a final population in order to obtain 60,000 plants ha-
1 with a spacing of 0.5 meters between rows. At
sowing, fertilization was carried out with 200 kg ha-1
of the formulated 20-00-20, corresponding to 40 kg
of N and 40 kg of K20O. The application of cover
fertilization was according to the treatments, using
the formulated 25-00-18 composed of 282 kg of
ammonium sulfate, plus 418 kg of urea and 300 kg
of potassium, in 1000 kg of formulated; and the
formulated 25-00-18 MAIZ® composed of 278 kg of
ammonium sulfate, 420 kg of urea, 300 kg of
potassium and 2 kg of UREMAX®. Potassium
fertilization was corrected in all treatments with KCI.
All cover fertilization was applied at vegetative stage
V4 (Ritchie et al., 2003).

On the day of sowing, an application of
glyphosate herbicide was carried out with the
product Roundup WG® using the dose of 1.5 kg ha-
1 and an application of fungicide based on
epoxiconazole 160 g L-1 and pyraclostrobin 260 g L-
1 at a dose of 0.250 L ha-1.

The meteorological data referring to
precipitation, average temperature, maximum
temperature and minimum temperature were
obtained through the INMET Station in Sinop, from
February 8 to June 7, 2019, during which the hybrids
remained in the field (Figure 1).

The harvest was performed manually, on
June 7, 2019, when the grains were approximately
130 g kg-1 of moisture and the ears were in R6, as a
morphological character for the harvest, the
formation of the black layer was observed . After
harvesting, using five ears per plot to determine the
characteristics of ear diameter, cob diameter, ear
mass, cob weight, ear length, number of rows of
grains and number of grains per row. The threshing
of the grains took place in a manual corn threshing
machine Bottini®. After threshing, to standardize
grain yield determinations, the corn kernels had their
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moisture corrected to 130 g kg-1 of water and the
initial water content of the kernels determined by the
direct method, in an oven with forced air circulation,
at a temperature of 105 ° C for 24 hours, the mass
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The data obtained were subjected to
analysis of variance at the level of 5% probability by
the F test, with the aid of the SISVAR® software
(Ferreira, 2011). After the F test (p> 0.05) of the
analysis of variance, the means were compared
using the Scott Knott test.

Results and discussions

Table 1 shows the averages for ear
diameter, cob diameter, ear mass, cob weight and
ear length, which differed between hybrids. For the
diameter of the ear and the diameter of the cob, the
hybrid 2B433 surpassed all others, reaching 5.03 cm
and 2.98 cm, respectively. However, DKB255 and
SYN522 were intermediate with 2.75 and 2.81 cm,
and the smallest were DKB335 and NS45 with 2.55
and 2.64 cm for the diameter of the cob. The hybrid
NS45 had an emphasis on the ear mass and cob
mass with 218.23g and 29.37g, respectively, with
the others having lower values. The NS45 also
reached the second largest ear length at 17.81g,
being below only the SYN522 hybrid with 18.49 cm,
which meant a greater amount of grains, as can be
seen in the variable of the number of grains per row.

For the different sources of N applied in
coverage, the ear mass, ear length, number of grain
rows and grain yield were significantly influenced
(Table 2). The ear mass and ear length had similar
results, in which UREMAX® and urea were superior
to the control without nitrogen application. Okumura
et al., (2013), also observed a significant influence
on the application of urea treated with urea inhibitor,
where the ear length had quadratic behavior and its
peak point on the curve was observed at a dose of
120.83 kg ha 1 of N reaching 17.45 cm. This result

of a thousand grains and the grain yield were
calculated in the useful portion of the experiment.
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Figure 1. Temperature and precipitation data during the experiment period from February 8 to June 7, 2019.
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is similar to that observed for the UREMAX

treatment with 17.21 cm.

Table 1. Average of the variables for ear diameter (DE),
sabugo diameter (DS), ear mass (EM), sabugo mass (SM)
and ear length (EL) of corn hybrids in Sinop - MT (2019).

Traits
Hibrids: DE DS EM SM EL
(cm)  (cm) (9) (9) (cm)
2B433 50a 29a 2044b 249c 16,0c
DKB255 47b 2,7b 2054b 248c 155c
DKB335 47b 25¢ 201,8b 215d 159c
NS45 46b 2,6¢c 2182 a 29,3 a 17,8b
SYN522 46b 2,8b 207,3 b 26,5b 18,4 a

*Means with equal letters in the columns do not differ at the 5%
probability level by the Scott-Knott test.

Table 2. Means of the variables ear mass (EM), ear length
(EL), number of rows (NR) and grain yield (GY) for N
sources in coverage. Sinop - MT (2019).

Sources of Traits
N in CE GY
coverage: EM(9) (cm) NR (kg ha™)
UREMAX 209,7 a 17,2 a 16,0 a 8424,3 a
Uréia 209,4 a 16,8a 153b 7703,5b
Without N 203,1b 16,2b 155b 6991,0c
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*Means with equal letters in the columns do not differ at the 5%
probability level by the Scott-Knott test.

The number of rows and grain yield also
obtained superiority for the source of N in
UREMAX® covering in relation to urea and the
control without N in the covering fertilization.
According to Sousa et al, (2017) the application of
coated urea provides an increase in the number of
rows per ear of 1.9% in relation to the use of
conventional urea, data that corroborates with the
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present study. This characteristic is defined in the
V8 stage, showing a possible decrease in nitrogen
loss and making this element available, resulting in
an increase in the number of rows (Carmo et al.,
2012). The number of rows is defined at the
phenological stage V8, needing at this time an
adequate supply of N, as in the experiment the
fertilization of cover occurred at this stage, some
hybrids need higher levels of N to respond to the
fertilization justifying the difference between the
hybrids ( Fornasiere Filho, 2007).

The averages of the productivity component
variables such as the number of grains per row,
number of rows of grains, mass of a thousand grains
and grain productivity differed between the corn
hybrids (Table 4). The number of grains per row
ranged from 32.83 to 36.51 where the NS45 hybrid
presented the highest value in relation to the other
hybrids and this result is closely related to the
greater amount of grains in the ear. It appears that
the hybrids DKB 255 and 2B433 reached the highest
values of number of grain rows, leading to
understand that the use of N in these hybrids was
more efficient compared to the others. When
insufficient supply of N occurs during the stage of
floral differentiation, there may be a reduction in the
number of eggs at the beginning of the ear and a
decrease in the amount of grains formed, in addition,
a deficiency in the nutrients boron and calcium can
cause losses in pollination, as they are the
fundamental elements in the composition of the
stigma style (Ernani et al., 2005).

Table 4. Averages of the variables of the number of grains
per row (NGR), number of rows (NR), mass of a thousand
grains (M1000) and grain yield (GY) in corn hybrids in
Sinop - MT (2019).

Traits
Hibrids M1000 GY
NGR NR @ (kg ha™)
2B433 32,8¢c 16,2 a 3346 b 7211 b
DKB 255 29,5d 16,2 a 363,5a 8583 a
DKB 335 32,1c 15,4 b 3255b 7881 a
NS45 36,5a 15,2 b 3329b 8011 a
SYN522 342b 15,1 b 322,4b 6843 b

*Means with equal letters in the columns do not differ at
the 5% probability level by the Scott-Knott test.

For the mass of a thousand grains, the
hybrid DKB 255 was superior to the others with
363.55g, as well as high averages for grain
productivity with 8,583.61 kg ha-1 (139.99 bags ha-
1). As a result, it is likely that the DKB 255 has a
greater extraction of N and use of it. The mass of a
thousand grains is important because it is a direct
factor to indicate and explain productivity,
demonstrating which treatment was most relevant
for grain filling, since about 75% of the absorbed N
is translocated to the grain (Ritche et al. , 2003), but
this factor is dependent on the extraction and export
to the grain, so if the plant is unable to extract the
sufficient element there will be losses in the mass of
a thousand grains. The grain yields of the corn
hybrids were higher for the hybrids DKB255, NS 45

and DKB335 compared to the others with averages
of 8583.61; 8011.31 and 7881.79 kg ha-1
respectively.

Regarding the sources of N in coverage,
there were significant differences only for the
number of rows, the source Uremax® was superior
to conventional urea and the control without N in
coverage. For the number of grains per row and
mass of a thousand grains, there were no significant
differences between the sources of N in the cover
(Table 5). According to Sousa et al, (2017) the
application of coated urea provides an increase in
the number of rows per ear of 1.9% in relation to the
use of conventional urea, data that the present study
corroborates. Characteristic defined in the V8 stage,
showing a possible decrease in nitrogen loss and
making this element available, resulting in an
increase in the number of rows (CARMO et al.,
2012).

Table 5. Average of the variables number of grains per
row (NGR), number of rows (NR) and mass of one
thousand grains (M 1000) of five corn hybrids under
application of urea, Uremax and without application of
nitrogen. Sinop - MT (2019).

Sources of N in Traits:
coverage: NGR NR M1000
Uremax 32,6 a 16,0 a 338,8 a
Ureia 335a 153 b 3315a
Without N 32,9a 155b 337,0a
C.V.(%) 5,60 4,42 4,62
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*Means with equal letters in the columns do not differ at the 5%
probability level by the Scott-Knott test.

Kappes and Silva (2016) obtained values of
average increase of 7.6% in grain productivity with
the application of N, in relation to the treatment
without application of N in coverage, regardless of
the urea used. Kappes et al. (2009), observed a
significant increase in corn productivity with
application of 70 kg ha-1 of N, regardless of the
source used.

Rodrigues et al. (2018) found that the
application of urea is beneficial for the cultivation of
corn even in years of favorable climatic conditions,
obtaining gains of 31% in grain productivity in the
treatment with urease inhibiting urea, Super N. As
well as the climatic conditions , previously
mentioned, favored the development of corn in the
present experiment. It is also noticeable the high
productivity of the control, it should be noted that 40
kg ha-1 of N was applied in the sowing despite not
having been covered, and its production is within the
average values with application of nitrogen in
coverage (RESENDE et al., 2018).

The hybrids responded differently to the
application of urease inhibitor, but all of them had
productivity gains, in comparison with the treatment
without covering fertilization. Urea provided values
similar to urea treated in treatments with the NS 45
and DKB 335 hybrids. Mota et al. (2015), reported
that the different sources of urea did not interfere
statistically in the grain yield, but the two hybrids
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mentioned obtained a great final
proving to be highly responsive
fertilization, regardless of the source.

Frazdo et al. (2014) found that the use of
urea treated with NBPT additive reached an
increase in grain of 13 bags ha-1 when compared to
common urea and an increase of 23 bags ha-1 in
relation to the control, the authors reporting the
occurrence of a possible decrease in the loss of N
through volatilization and a consequent increase in
the levels of N available to the plants. In the present
work, the hybrid DKB 225 reached the highest yield
values, in the application of urea treated with NBPT
the gain in relation to common urea was 24 bags ha-
1 and 37 bags ha-1 compared to the control (Figure
2).

productivity,
to covering

Figure 2. Average of the split of five hybrids of the
productivity variable in ha-1 bags according to the
application of urea, UREMAX® and without nitrogen
application, Sinop - MT (2019).
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* The averages followed by the same letters do not differ at the
5% probability level by the Scott-Knott test.

The most prominent hybrid in productivity
was DKB 255, which reached 160 bags ha-1 (9600
kg ha-1) with cover fertilization with the presence of
UREMAX®, about 31% higher than the treatment
without cover urea, and with gains of 18% in relation
to urea (Figure 2). This productivity difference
occurred due to the probable reduction in urea
volatilization rates, as Guelfi (2017) verified that he
estimated a 79% reduction in urea volatilization,
when treated with the urease inhibitor.

Conclusions

Application in nitrogen cover under the
conditions of the study, using urease with urease
inhibitor, increases the efficiency of fertilization and
increases productivity of corn hybrids.

In the DKB 255, 2B433 and SYN 522
hybrids, treatment with UREMAX® achieves better
results than the application of only urea. Highlighting
the hybrid DKB 255, which achieved the highest
average productivity.
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