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RESIDUAL EFFECTS OF NITROGEN FERTILIZER WITH POLYMER-COATED
UREA IN A CORN CROP!

TAYENE FRANCO MELLO?, SALATIER BUZETTI?, MARCELO CARVALHO MINHOTO TEIXEIRA FILHO?,
FERNANDO SHINTATE GALINDO?*, LAIS MENEGHINI NOGUEIRA?

ABSTRACT - The use of nitrogenous fertilizer coated by polymers may reduce losses caused by volatilization,
thus exposing this element to plants for a longer period of time. The objective of this work was to evaluate the
residual effects of nitrogen in the form of conventional urea and urea coated by polymers in the production
components and grain productivity of the first and second corn crops. The experiment was conducted in
Selviria - MS in a clay-type Oxisol during the corn crops of 2011/12 and 2012. The experiment was arranged as
a randomized block design with four replications, with a factorial 4 x 4 treatment arrangement as follows:
4 doses of N (0, 40, 80 and 120 kg ha™') and 4 forms of urea (conventional urea and urea coated by three
different polymers). Treatments were applied at the time of corn sowing in the first season (2010/11) and
second season (2011). The residual effects of nitrogen fertilization in the corn grown in the first crop season
(2011/12) and the second crop season (2012) were then assessed. The polymer-coated urea did not differ
compared to the conventional urea.

Keywords: Zea mays L.. Coated fertilizer. Nitrogen. Improved fertilizer efficiency.

EFEITO RESIDUAL DA ADUBACAO NITROGENADA COM UREIA REVESTIDA POR
POLIMEROS NA CULTURA DO MILHO

RESUMO - A utilizagdo de fertilizantes nitrogenados revestidos por polimeros pode permitir a redugdo das
perdas por volatilizagdo, disponibilizando assim, esse elemento para as plantas por maior periodo de tempo.
Neste contexto, objetivou-se avaliar o efeito residual de doses de nitrogénio na forma de ureia convencional e
ureias revestidas por polimeros, nos componentes de produgao e na produtividade da cultura do milho primeira
e segunda safra. O experimento foi conduzido em Selviria — MS, em Latossolo Vermelho distréfico de textura
argilosa, em 2011/12 ¢ 2012. O experimento foi disposto em blocos casualizados com quatro repeti¢des, € 0s
tratamentos em um esquema fatorial 4 x 4, sendo: 4 doses de N (0, 40, 80 e 120 kg ha™) e 4 formas de ureia
(ureia convencional e ureias revestidas por 3 diferentes polimeros). Os tratamentos foram aplicados na
semeadura do milho na primeira safra (2010/11) e segunda safra (2011), sendo avaliado o efeito residual da
adubagdo nitrogenada no cultivo sucessor de milho na primeira safra (2011/12) e segunda safra (2012). As
formas de ureia revestidas por polimeros ndo diferiram em relag@o a ureia convencional.

Palavras-chave: Zea mays L.. Fertilizante revestido. Nitrogénio. Fertilizantes de eficiéncia aprimorada.
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INTRODUCTION

Corn is one of the oldest and most broadly
disseminated crops in the world. However, despite
the available technological advances in corn
growing, the average productivity of corn agriculture
in Brazil is still very low, approximately
5401 kg ha™ for both the first and second harvest.
This productivity level demonstrates the need to seek
management techniques in order to increase
productivity and guarantee profits for the producer
(CONAB, 2015).

One of the determinants of production is the
ability to obtain nutrients and provide them to the
crop. Among these nutrients, nitrogen participates in
the composition of amino acids, protein, chlorophyll
and many essential enzymes that stimulate the
growth and development of the shoot and root
system. N is therefore absorbed in high quantities by
the corn and can act as a limiting reagent in corn
productivity. Nitrogen management has been
carefully studied in order to improve agricultural
efficiency. The need for improvements in nitrogen
management exists because most of the soil contains
organic N combinations, which are part of the
required medium for plant growth (MALAVOLTA,
2000).

Urea is among the main nitrogen fertilizers
and is of fundamental importance in both Brazilian
and global agriculture. The high concentration of N
in its composition is important for logistics as it
reduces the space required for storage and
transportation and decreases the cost per unit of
nutrients. Therefore, it reflected in the high use of
urea in the nitrogen matrix, comprising
approximately 50% of the applied fertilizer. Even
with all these advantages, urea has a high propensity
for N loss of up to 80% of the total fertilizer applied
to the soil (CIVARDI et al., 2011).

Volatilization losses occur as a result of the
actuation mechanisms of fertilizer contact with the
urease enzyme present in the soil. Thus, various
urea-based products have been developed in order to
increase the efficiency of its use, promoting
technological advances in the field of N input.
Among these advances, there is a search for new
coated fertilizers as urea granules coated with
various materials (resins, waxes, polymers, etc.) may
depend on the characteristics of the polymers and
increase efficiency through a gradual nutrient release
mechanism (CIVARDI et al, 2011; RODRIGUES et
al, 2014). The gradual release of nitrogen fertilizer
has several benefits. It increases productivity,
reduces labor costs, reduces the necessary number of
applications, and limits the negative environmental
results by reducing nitrate leaching. When combined

with the crop demand and development, such as the
climate and soil characteristics of the study area
(CIVARDI et al., 2011), these factors are of great
agricultural significance. Given the above, nitrogen
fertilizer with polymer-coated urea can provide a
residual effect on subsequent corn crops due to the
slower release of N. This effect improves the
nutrition and the development of the corn, which is
reflected in an improved productivity. Thus, this
study aimed to evaluate the residual effects of
different nitrogen doses and either conventional urea
or urea coated with different polymers in the
production of the first and second crop of corn and
grain yield in the soil of the low altitude Cerrado
region.

MATERIAL AND METHODS

The experiment was conducted in the UNESP
(FEIS / UNESP) station in Selviria county - MS,
with an altitude of 335 m. The area has been
cultivated by annual cotton and corn crops for the
last 10 years, with the no-till system being used for
the past three years.

According to Embrapa (2013), the soil of the
area has been classified as a clay-type of red Oxisol.
Based on the Kdppen classification, the climate is of
the AW type, with tropical and humid weather.
There is a rainy season in the summer and a dry
season in the winter, with an average annual rainfall
of 1,370 mm. The rainfall, air temperature and
humidity values recorded during the experiment are
shown in Figure 1.

The chemical characteristics of the soil were
determined before the experiment began in October
2010, according to the methodology proposed by
Raij et al. (2001). The soil characteristics in the layer
from 00 to 020 m are as follows:
P (resin) = 22 mg dm® M.O. = 32 g dm?;
pH (CaCl,) =5.4; and K, Ca, Mg, H+ Al =2.2, 30.0,
and 16.0 and 31.8 mmol, dm™, respectively, with
60% base saturation.

The experimental design was a randomized
complete block design with four replications in a 4 x
4 factorial, as follows: 4 N doses (0, 40, 80 and
120 kg ha™) and 4 forms of urea (conventional urea
45% N and ureas coated by 3 different polymers:
K - 0043 with 43.18% N, K - 0049 with 45% of N
and K - 0055 to 41.355% N). These treatments were
applied when the corn was sown in the first season
(on November 5 of the 2010/11 season) and in the
second season (on May 15, 2011). Coated urea types
were identified by codes K - 0043, K - 0049 and
K - 0055 as these are not yet commercial products.
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Figure 1. Rainfall, temperature and average relative humidity recorded during the conduct of experiments with corn first
crop (A) and second crop (B). The data were obtained from the meteorological station located near the experimental area

Selviria-MS, 2011/12 and 2012.

To evaluate the residual effects of nitrogen
fertilization on corn cropped in succession in the first
season (2011/12) and the second season (2012),
sowing was carried out exactly in the row of the
preceding crop. The plots were 5-m long with 4 rows
spaced evenly by 0.90 m. The two central rows of
each plot were considered to be useful.

Corn sowing was mechanically accomplished
with a simple hybrid AGROCERES AG 8088
system on 06/11/2011 and 27/05/2012 in the
previously desiccated area (15 days prior) with a
mixture of herbicide glyphosate (1800 g ha ™' ia) and
2,4-D (670 g ha™ ai). After seeding, the area was
irrigated by sprinkling by means of a central pivot
with approximately 14 mm of water to promote seed
germination, with an approximate 3-day irrigation
turn. Seedling emergence occurred five days after
seeding, both in the first and second harvest.

Fertilization sowing was carried out with
30 kg ha' N (urea), 100 kg ha' P,0s
(superphosphate) and 80 kg ha' K,O (potassium
chloride) also for all treatment conditions based on
the soil analysis and fertilizer recommendation table
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for irrigated maize in the state of Sdo Paulo, as
described by Cantarella, Raij and Camargo (1997).
Importantly, nitrogen fertilization was performed
both in the first and second harvest as this
fertilization refers to the treatments derived from the
residual effect. Weed management in the corn crops
was accomplished with the application of
Tembotrione herbicide (84 g a.i. ha™') and atrazine
(1000 g a.i. ha™), with the addition of an adjuvant in
the spray herbicide and vegetable oil (720 g a.i. ha™)
in the post-emergence time period. The pest control
was performed with methomyl (215 g a.i. ha™) and
triflumuron (24 g a.i. ha™).

The corn harvest was performed manually
and individually by experimental units in 2011/12
(first crop) to 118 DAE and 2012 (second crop) to
128 DAE, when 90% of the corn had grains with
20% moisture. The collected material was dried in
full sunlight, and the grains were mechanically
separated from the cobs.

The following measurements were carried out
in the corn. a) The leaf nitrogen content was assessed
according to the methodology proposed by
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Malavolta, Vitti and Oliveira (1997) by collecting
20 sheaves from the middle third area at the insertion
of the main spike; in the female floral was collected
from each portion according to the methodology of
Cantarella, Raij and Camargo (1997). b) The
diameter of the second internode stem was measured
using a manual paquimeter. ¢) The insertion height
of the first spike was measured, as was d) the plant
height at maturity, defined as the distance (m) from
the soil level to the tassel apex. e) The number of
kernels per row, f) the number of rows per ear, g) the
number of grains per spike, and h) the weight of
100 grains were measured. The latter was
determined using a 0.01g precision balance with the
grain-water content adjusted to 13% (wet basis).
i) The grain yield was determined by collecting the
plants contained in the 2-axis of each plot. The
material was subjected to drying in full sun, and after
the mechanical track, the grains were measured, and
the data was processed in kg ha™, 13% (wet basis).
The variables were subjected to an analysis of
variance (F test), and the average forms of urea were
compared by Tukey’s test at 5% probability. The N
doses were used for regression analysis to 1 and 5%

significance  levels.
accomplished using the
(FERREIRA, 2011).

Statistical analysis  was
SISVAR  program

RESULTS AND DISCUSSION

For 2011/12, there were no significant
differences between the urea forms and the stem
diameter, plant height, ear insertion height, number
of kernels per row, row number per ear, number of
grains per ear, mass of 100 grains and maize grains
(Tables 1 and 2). These findings demonstrated that
the improved efficiency of urea was not superior
compared to that of conventional urea in terms of
any residual effect on subsequent corn cultivation.

The results for the second season, in 2012,
were similar results to corn grown in the previous
season, in which there were no significant
correlation between the forms of urea and the stem
diameter, plant height, ear insertion height, number
of grains per row, row per ear and grains per ear,
weight of 100 grains and corn grains
(Tables 1 and 2).

Table 1. Stem diameter, plant height, ear insertion height and leaf N concentration in the first and second crop corn due to
the residual effect of urea forms and nitrogen doses. Selviria-MS, 2011/12 and 2012.

Treatment Stem diameter Plant height Ear insertion height Leaf N c_(l)ncentration
(cm) (m) (m) (gkg™ of DM)
2011/12 2012 2011/12 2012 2011/12 2012 2011/12 2012
Urea forms

00551 212a 2.08a 2.58a 252a 113 a 11la 33292 2422 a
0043@ 2.10a 2.09 a 2.60 a 253a 114 a 1.12a 33.57a 24.05a
0046 223a 210a 2.63a 257a 1152 113 a 33.09a 2451 a
0049 2.10a 212a 2.64a 2.60 a 115a 1152 3320 23392

LSD (5%) 0.16 0.17 0.09 0.15 0.05 0.05 1.59 2.62

N doses (kg ha™)

0 2.15 1.94 2.59 2.39 1.13 1.08 32.90 24.14

40 2.17 2.19 2.60 2.63 1.15 1.15 33.40 2427

80 2.09 2.08 2.59 2.63 1.13 1.15 33.74 23.52

120 2.14 2.17 2.67 2.57 1.16 1.15 33.11 2424

C.V. (%) 8.05 8.59 3.70 6.34 5.15 5.13 3.31 7.56

Overall mean 2.14 2.10 2.61 2.56 1.14 1.13 33.29 24.04

Followed measures by the same letter within each parameter studied, do not differ by Tukey test at 5% probability of

error.

M Urea coated with 41,355% de N.
@ Urea coated with 43,18% de N.
@ Conventional Urea 45% de N.
@ Urea coated with 45% de N.
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Table 2. Numbers of grain per row, rows per ear and grains per ear, weight of 100 grains and productivity of first corn
kernels and second crop due to the residual effect of urea forms and nitrogen doses. Selviria-MS, 2011/12 and 2012.

Treatment Grain per row Rows per ear Grains per ear Weight o(fgl)OO grains Grairzlf;(;lc?lc)tivity
2011/12 2012 2011/12 2012 2011/12 2012 2011/12 2012 2011/12 2012
Urea forms
0055 375a 29.89a  183a 16.85a  686a 517a 27.04a  24.03a 8223a  6893a
0043 374a 3066a  18.5a 17132 695a 525a 2659a  24.07a 8190a  6564a
0046% 369a 3066a  185a  17.13a  682a 525a 2635a  24.11a 8190a  708la
0049 374a 3135a  182a  17.13a 658 a 537a 2724a  2522a 8340a  6812a
LSD (5%) 1.5 1.98 0.8 0.64 42 36 1.28 2.14 1039 600
N doses (kg ha™)
0 36.5 32.10 18.6 16.9 679 542 26.32 23.61 7020 6581
40 373 30.25 18.4 17.3 689 522 26.79 25.08 8370 6944
80 37.6 29.51 18.1 17.1 681 503 26.85 24.04 8948 6751
120 37.9 30.74 18.4 16.0 699 523 27.27 24.68 8546 7074
C.V. (%) 438 6.85 4.76 4.00 6.48 7.29 5.08 9.31 6.70 9.30
Overall mean  37.33 30.65 18.40 17.06 687 523 26.81 2435 8220 6838

Followed measures by the same letter within each parameter studied, do not differ by Tukey test at 5% probability of error.

(D' Urea coated with 41.355% de N.
@Urea coated with 43.18% de N.
®Conventional Urea 45% de N.
®Urea coated with 45% de N.

Valderrama et al. (2011) evaluated the
conventional urea and improved efficiency urea
(coated urea) applied to the same corn crop cycle and
also found that there were no significant differences
for these same assessments. Working with the urea
sources ammonium sulfate and ammonium
sulfonitrate, Kappes et al. (2009) also found that
there were no significant differences between the
measured weight of 100 grains produced through the
use of conventional urea or improved-efficiency
urea.

The urea forms did not differ for the leaf N
concentrations in either experiment (Table 1),
demonstrating that the urea types with different
coatings did not affect the nutritional status (N) of
the plants. In the corn crop in the 2011/12 season,
the values found for the N levels were adequate
according to the recommended values
(27-35 g of N kg™ dry matter) for corn, as described
in Cantarella, Raij and Camargo (1997). In the
second experiment, referring to the second crop corn
(2012), the N levels that were obtained were lower
and were below the recommended level, with an
overall average of 24 g of N kg' dry matter,
although deficiency symptoms were not noted. This
low N level was a moderate deficiency (hidden
hunger) that was caused by the failure to provide the
first and second N evaluated corn crop.

The grain yield from the first and second
crops was not affected by the form of urea used
during cultivation, demonstrating that the urea
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coated by polymers of different compositions and
concentrations was not better than when using
conventional urea (Table 2). Valderrama et al.
(2011) also found that there was no difference
between using conventional urea and urea coated
with polymers in terms of the productivity of the
corn grains in the summer crop in the cerrado region.
However, Pereira et al. (2009) found that the urea
coating and use of a urease inhibitor were effective
in reducing the volatilization of N (by approximately
50%), thus resulting in a higher grain yield in the
Jatai — GO, in Cerrado region. Of note, that region
has a higher altitude and a lower night temperature
than the area assessed in the current study. Silva et
al. (2012) found that there were no significant
differences in the corn yield from different sources
when conventional coated urea was applied but that
there was increased productivity due to the increased
dose of N. In his experiment, there was no direct
influence of ammonia volatilization, as the corn
plants responded to increased N doses and probably
responded positively to topdressing with a protected
urea from the benefits of coating, thus delaying the
enzymatic activity of urease. Consequently, this
system provided larger amounts of N compared to
the conventional urea system.

According to Rodrigues et al. (2014), the
slow or gradual release of fertilizers depends on
having water and soil temperatures equal or greater
than 21 °C for the proper release of the nutrients to
the plants. Therefore, it is likely that the coating was
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ineffective in the conditions of the present research
study, as this work was conducted in low-lying
savanna conditions, dominated by the high
temperatures and high levels of microorganism
activity.

The effectiveness of a coated fertilizer
depends on the solubility of the polymer-coated
granule and the rate of hydrolysis, which regulates
the nutrient supply process. The release rates and
dissolution of water-soluble fertilizers depends on
the coating materials that are used (RODRIGUES et
al., 2013). Yet, according to these authors, nutrient
release will also depend on the temperature and soil
moisture. Furthermore, the thickness and the
chemical nature of the coating resin, the amount of
microcracks in the surface, and the size of the
fertilizer granule will also influence the nutrient
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release rate over time (RODRIGUES et al., 2014).
Thus, there is still a need for further research to
develop new polymers, with the ability to withstand
the high temperatures of this common low-altitude
cerrado region, for the coating of urea. Of note, the
results with polymer-coated urea may vary according
to the time of the nitrogen application coverage and
the weather conditions during the period of this
application and may not have residual effects on
succeeding crops beyond urea use alone.

The N doses had no measurable effects on the
stem diameter, plant height and ear insertion height
in the 2012 crop (Tables 1 and 2). We adjusted the
increasing linear function for stem diameter and ear
height and adjusted the quadratic function for plant
height, with a positive response to the dose of
70 kg ha™' N (Figures 2A, 2B and 2C).
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Figure 2. Stem diameter in 2012 (A), plant height in 2012 (B), ear insertion height in 2012 (C), number of kernels per row
in 2011/12 (D) and 2012 (E) and productivity of corn grains in 2011/12 (F), in function of the N doses residual.

Selviria — MS, 2012.

** significant p<0.01 * significant 0.01<p<0.05
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The plant height is influenced by the N that is
available in the soil since this nutrient is directly
involved in the cell division and expansion and the
photosynthetic process. This would explain the
positive response of N doses on growth in the height
of corn plants and is consistent with the data of
Gross, Pinho and Brito (2006), who cited that the
nitrogen fertilization, either performed in coverage in
an application or split into two treatments, positively
influences growth, as measured by plant height and
ear height, with meaningful reflection on the
productivity of corn grain. However, it is noteworthy
that the plant height is not always correlated with
productivity as modern hybrids with high yield
potential are mostly of short height (CRUZ et al.,
2008).

Regarding the insertion height of the main ear
feature, the results were consistent with those
obtained by Souza and Soratto (2006) and Lana et al.
(2009). These researchers assessed the response of
corn growth to N application and found that the main
tang insertion height was higher in corn treated with
N compared to the control corn. A well-nourished
plant shows further development of the leaf area and
roots since this nutrient influences division, cell
growth and photosynthesis, which can lead to
increased plant height and consequently, an insertion
height spike.

Regarding the stem diameter, the results
obtained in 2012 agree with those found by Cruz et
al. (2008), Lana et al. (2009), and Kappes et al.
(2013), who found an increase in stem diameter in
response to doses of N in corn. However, contrary
results were reported by Costa et al. (2012) in the
stem diameter. According to the authors, N doses did
not affect the plant height or height of insertion of
the main spike.

There was no dose adjustment needed based
on the N content in the corn leaves from the two
crops (Table 1). However, when studying the sources
of N wurea, including ammonium sulfate and
ammonium starea sulfonitrate, Soratto et al. (2010)
found an effect of the N levels in the second crop.
Similarly, Costa et al. (2012), using urea as the N
source, found positive and linear effects of N levels
in the leaf tissue at doses of 120 and 200 kg ha™ N.
In turn, Souza et al. (2011) observed an average
increase in the leaf N concentrations of up to
183 kg ha' N, with the urea sources ammonium
sulfate and ammonium sulfonitrate.

Nitrogen doses influenced the number of
kernels per row in 2011/12 and 2012 and the grain
yield in 2011/12 (Table 2). The increment of N doses
provide increasing linear function for the number of
grains per row in the cultivation of the crop and
adjusted to the decreasing linear function in the
subsequent crops (Figures 2D and 2E). The quadratic
function was used for the grain yield, with the
maximum dose of 83.5 kg ha™ N (Figure 2F).

According to Lopes et al. (2007), the ear

characteristics are dependent on the genotype. It is
estimated that the hybrid is responsible for 50% of
the final grain yield. In this way, when the hybrid
expresses all of its genetic potential, environmental
factors, including available water, nutrients, and
temperature, are all critical. The increase in nitrogen
levels provides the best development and grain
filling due to higher accumulations of N, with a
positive impact on the nutritional status of the plant
in 2011/12, enabling gene expression of the material
in the number of kernels per row, which was not
verified in 2012.

The N doses did not affect the weight of
100 grains in either evaluated crop (Table 2).
According to Ohland et al. (2005), the grain mass is
a characteristic influenced by the genotype, nutrient
availability and climate conditions during the grain
filling stages. The grain mass has high dependence
on the N uptake by maize, which reaches a peak
during the period from the beginning of flowering
and early grain formation. N deficiency in this period
can contribute to the formation of grains with a
lower density due to the non-translocation of
nutrients in suitable amounts. Since the variation in
the grain yield was not verified to depend on the
dose, the soil has provided sufficient N for the
proper development and filling of the crop grain due
to the residual effect. It is noteworthy that the values
obtained for the weight of 100 grains are considered
low as they were below 30 grams and were probably
influenced by the low availability of soil water in the
critical period of grain filling, even with center pivot
sprinkler irrigation.

Several studies have reported increases in the
productivity of corn kernels with the application of
N doses (LANA et al, 2009; GOES et al, 2014,
KAPPES et al, 2014), reinforcing the results. Meira
et al. (2009) observed that the losses by volatilization
of NH3, between the various fertilizers, including
urea, were not reflected in the yield of corn. Thus,
larger grain yields were obtained when N was given
at higher doses or when N was more available in the
soil solution in the period in which the plant requires
a larger amount of nutrients.

In the 2011/2012 crop, the maximum
productivity was approximately 8980 kg ha™', which
was achieved with a dose of 83.5 kg ha' N. In
relationship to the control (without nitrogen
fertilizer) this productivity represented an increase of
approximately 28% in the grain yield. Similarly,
Amaral Filho et al. (2005) found a linear fit for the
grain yield, achieving a maximum of 8,907 kg ha™', a
value that is close to that found in this work.
However, they used an application of 150 kg ha™ N.

In the subsequent crop, the maximum yield
was 7,074 kg ha' with 120 kg ha"' N, representing
an increase of 7% compared to the control without
fertilization. Fernandes et al. (2005), evaluating the
efficiency of N doses (0, 30, 90 and 180 kg ha™) in
six cultivars of irrigated corn in the region of
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Selviria - MS, found that the highest average yield
was achieved with an estimated 110 kg ha™ N to
yield 6,000 kg ha™ of grain. In turn, Soratto et al.
(2010) also found a positive response to nitrogen
fertilization in the second crop corn, which is the
largest grain yield obtained with a dose of
120 kg ha™ N.

The increase in the nitrogen levels provided a
residual effect even after two corn crops. However,
this positive effect of residual nitrogen fertilization
was not reflected in the grain productivity in the
second assessed crop. This effect probably occurred
because the increase of N doses had a positive
residual effect only on initial plant growth (Figures
2A and 2C) and was not enough to positively affect
the production of the components, which somehow
explains the reduction in the number of kernels per
row in the second corn crop (Table 2).

The residual effect of nitrogen fertilization
after two seasons of cultivation justifies the need for
further research on the study of nitrogen sources
alternative to urea, seeking not only better efficiency
and use of fertilizers but also prolonged residual
effects.

CONCLUSIONS

Polymer-coated urea forms showed the same
residual effects as conventional urea, regardless of
the N dose.

Nitrogen fertilization in the previous crop
residual effects provided linear increase in the
number of kernels per row and productivity of corn
grain harvest up to a dose of 83.5 kg ha' N, in
2011/12.

In the second harvest, the residual N level
increment only positively influenced the corn of
early growth (diameter of stem and plant height and
ear insertion), regardless of the form of urea.
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