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ABSTRACT

RESUMO

Espaçamento, densidade populacional e adubação nitrogenada na cultura do milho

O objetivo deste trabalho foi avaliar os componentes de produção, teor de nitrogênio (N) no tecido foliar e
produtividade de grãos na cultura do milho em função de diferentes espaçamentos entre linhas, densidade
populacional e doses de adubação nitrogenada em cobertura. O experimento foi conduzido no município de Toledo-
PR, no ano agrícola de 2005/2006, em área de Latossolo Vermelho Eutroférrico sob sistema de semeadura direta, com
o híbrido simples AG 8021. O delineamento experimental utilizado foi em blocos casualizados, com quatro repetições
e tratamentos dispostos em parcelas subsubdivididas. Nas parcelas foram alocados os espaçamentos entre linhas
(0,45 e 0,90 m), nas subparcelas foram alocadas as populações de plantas de milho (60 mil e 80 mil plantas ha-1) e nas
subsubparcelas foram alocadas as doses de nitrogênio em cobertura (80, 100, 120 e 140 kg ha-1 de N), utilizando-se
como fonte de nitrogênio a ureia. A elevação da população de plantas de 60 mil para 80 mil plantas ha-1, assim como a
aplicação de doses crescentes da adubação nitrogenada em cobertura proporcionaram incremento nos componentes
de produção. A aplicação de N em cobertura proporciona incremento no teor de N foliar e na produtividade de grãos
para o espaçamento 0,45 m e 0,90 m. O espaçamento de 0,45 m alcançou produtividade superior ao espaçamento 0,90 m.
Com 60 mil plantas a produtividade foi maior do que com 80 mil plantas no espaçamento de 0,90 m, enquanto que com
0,45 m não houve diferença quanto à densidade populacional.

Palavras-chave: arranjo de plantas, Zea mays L., ureia, nitrogênio em cobertura.

Recebido para publicação em 08/04/2013 e aprovado em 14/08/2013.
1 Agronomist, Doctor of Science. Centro de Ciências Agrárias, Universidade Estadual do Oeste do Paraná, Campus Marechal Cândido Rondon, Rua Pernambuco, 1777, Caixa Postal
1008, Centro, 85960-000, Marechal Cândido Rondon, Paraná, Brasil. mariac.lana@hotmail.com. rampimleandro@yahoo.com.br (corresponding author).
2 Agronomist, Master of Science. Centro de Ciências Agrárias, Universidade Estadual do Oeste do Paraná, Campus Marechal Cândido Rondon, Rua Pernambuco, 1777, Caixa Postal
1008, Centro, 85960-000, Marechal Cândido Rondon, Paraná, Brasil.

Maria do Carmo Lana1, Leandro Rampim1, Tatiane Ohland2, Fernando Fávero2

Spacing, population density and nitrogen fertilization
in corn grown in an Oxisoil

The objective of this study was to evaluate yield components, leaf nitrogen content and grain yield in corn as
affected by row spacing, plant density and nitrogen topdressing. The experiment was conducted with the single-
cross hybrid AG 8021, in the municipality of Toledo-PR, in an Oxisoil under no-tillage system, in the crop year 2005/
2006. The experiment was arranged in a randomized block design and treatments in split-split-plots, with four
replications. The two row spacings (0.45 and 0.90 m) were allocated in the main plots,  the two plant densities (60,000
and 80,000 plants ha-1) were allocated in the subplots and the three nitrogen rates (80, 100, 120 and 140 kg ha-1 N) were
allocated in the sub-subplots. Topdress nitrogen was applied using urea as N source. The rise of the plant population
from 60,000 to 80,000 plants ha-1 and the application of topdress nitrogen resulted in increased production components.
The application of topdress fertilization provided increase in leaf N content and grain yield for the spacings 0.45 m and
0.90 m. Yield was higher in the spacing 0.45 m than 0.90 m. Yield was higher with 60,000 plants than with 80,000 plants
at 0.90 m, while at 0.45 m there was no difference in relation to the plant density.

Key words: plant arrangement, Zea mays L., urea, topless nitrogen.
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INTRODUCTION

The national average corn grain yield in Brazil is around
4400 kg ha-1 in 2011/2012 (Conab, 2012) and around 5590 kg
ha-1 in the state of Paraná (Seab, 2012). These yields are still
far below those in the United States, with average corn
yield of  9240 kg ha-1 (USDA, 2012). Brazilian low yields are
closely related to climatic conditions (Cruz et al., 2008; Martin
et al., 2011), plant density and plant arrangement (Alvarez
et al., 2006; Kaneko et al., 2010; Chioderoli et al., 2012), as
well as soil fertility. The average amount of nitrogen (N)
used in corn crops in Brazil is 60 kg ha-1, while in the United
States is 150 kg ha-1 (Coelho, 2007), however, N is the most
limiting nutrient for the growth and development of plants
and represents one of the highest input costs in farming
systems (Souza et al., 2012).

The spatial arrangement of corn plants varies
depending on the spacing between rows and between
plants in the row (Von Pinho, 2008; Kappes et al., 2011).
Research shows that improving plant arrangement, in
equidistant spacings, has contributed to decreasing
competition between plants in the row and reducing soil
water evaporation due to increased shading (Argenta,
2001). It also facilitates weed management (Trezzi et al.,
2008) and provides higher yields (Trezzi et al., 2008; Lana
et al., 2009; Modolo et al., 2010). This fact is associated
with the use of water, soil nutrients and interception of
solar radiation, which are decisive in yield formation (Lauer,
1994; Argenta, 2001; Deparis et al., 2007).

The use of reduced row spacing has provided higher
productivity in corn due to more equidistant plant
distribution (Von Pinho et al., 2008) coupled to the
reduction of the number of plants in the row (Amaral Fi-
lho, 2005). The increase in corn yield with reduced spacing
identified by Kaneko et al. (2010) and Modolo et al. (2010)
facilitates the no-tillage system in crop succession with
soybean and corn while maintaining the same spacing for
both cultures, without the need to rearrange the seed
distribution in seeders.

However, grain yield is also influenced by plant
density, with higher yields achieved with densities above
70,000 plants ha-1. This increase is related to the increasing
number of ears per area, but excess plant densities lead to
competition between plants for water, light and nutrients
(Amaral Filho et al., 2005). According to Fancelli and
Golden-Neto (2000), well-managed agricultural systems
achieve high yields with 55,000 to 72,000 plants ha-1, using
the spacings 0.55 m and 0.80 m between rows.

On the other hand, among the nutrients required by
crops, nitrogen is the most limiting to growth and yield
formation of corn (Raij, 1996). Nitrogen fertilization should
consider the expected grain yield and soil organic matter
content (Argenta, 2001), since nitrogen interferes positively

on yield (Cancellier et al., 2011; Farinelli & Lemos, 2012)
when other factors are not limiting. In southern Brazil
(Ceretta, 2000) and in and in the whole country (Coelho,
2007), corn yield is limited by insufficient N fertilization to
the extent that the increase in yield with increasing nitrogen
rates is represented by the increase in the number and
weight of grains and spike length (Kappes et al., 2011).

Among the various N sources, urea is one of the most
used in Brazilian agriculture. Urea has the lowest cost
compared to other N sources and is easily available in the
market, but has low use efficiency by crops and high rate
of volatilization (Rojas et al. 2012). However, Souza et al.
(2011) reported response in corn yield independent of the
application mode, before sowing or topdressing with the
sources ammonium sulfonitrate with nitrification inhibitor,
ammonium sulfate or urea. Similarly, Souza et al. (2012)
found that ammonium sulfate and urea enable better
economical results.

Thus, the aim of this study was to evaluate the
production components, leaf nitrogen content and grain
yield in corn for different row spacings, plant densities
and nitrogen topdressing.

MATERIALS AND METHODS

The experiment was conducted in a farm field
cultivated under direct seeding system for two years, in
the municipality of Toledo - PR, situated between the
coordinates 24°34’36'’ S and 53º48’04'’ W , 480 m altitude,
in the agricultural year 2005/2006.

The soil was classified as very clayey Oxisoil
(Embrapa, 2006). The 0-0.20 m soil layer was sampled, and
a chemical analysis produced the following results: pH in
CaCl

2
 = 5.4; O.M. = 20.51 g dm-3; P = 3.2 mg dm-3; K = 0.67

cmol
c
 dm-3; Ca = 7.68 cmol

c
 dm-3; Mg = 1.49 cmol

c 
dm-3; H

+ Al = 4.66 cmol
c
 dm-3; Al3+ = 0 cmol

c
 dm-3; SB = 9.85 cmol

c

dm-3; CTC = 14.51 cmol
c
 dm-3 and V% = 68.05. The rainfall

recorded during the experiment was 1151 mm. According
to Koppen, the climate is classified as Cfa, subtropical
with well distributed rainfall throughout the year and hot
summers (Ometto, 1981).

The experiment was arranged in a randomized block
design and treatments in split-split-plots, with four
replications. The two line spacings (0.45 m 0.90 m) were
allocated in the main plots,  the two plant densities (60,000
and 80,000 plants ha-1) were allocated in the subplots and
the three nitrogen rates (80, 100, 120 and 140 kg ha-1 N)
were allocated in the sub-subplots.

Each experimental plot was 24 meters long by 8.55
meters wide, in order to keep the same area of   410.40 m2

for each block (measuring 24 m long x 17.1 m wide). The
spacing between each plot and between each subplot was
kept at 0.90 m. The subplots were arranged in nine rows
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with 24 m in length for the spacing of 0,45 m and five lines
with 24 m in length for the spacing of 0.90 m, which were
divided into four sub-subplots with six m in length. The
harvest area for evaluating the sub-subplots consisted of
three central lines, excluding 0.50 m at each end.

The experiment was conducted under direct seeding
system in an area that was formerly cultivated with black
oat during the winter. Corn sowing was carried out on
September 20, 2005, using a tractor mounted seed drill
adjusted for the spacings 0.45 m and 0.90 m for the plots
and sowing depth around 4-5 cm. Seeds of the single-
cross hybrid AG 8021, early maturing, tall with semi-hard
orange grain were used in the experiment. Plant density
was adjusted to 60,000 and 80,000 plants ha-1 in the
subplots by thinning after crop emergence. Therefore, 2.7
and 3.6 plants per meter were kept for the densities of
60,000 and 80,000 plants ha-1 at the spacing of 0.45 m,
while 5.4 and 7.2 plants per meter were kept for the spacing
of 0.90 m, respectively.

Basic fertilization was applied with 20 kg ha-1 N, 30 kg
ha-1 K

2
O and 90 kg ha-1 P

2
O

5
 at sowing at approximately 12

cm depth. The sub-subplots were fertilized with four
nitrogen rates (80, 100, 120 and 140 kg ha-1 N) with urea
applied when the plants were at the stage of 4-6 fully
expanded leaves.

In the tasseling stage, the leaf opposite and below the
ear was collected in 10 plants randomly in the harvest
area, more precisely, at the time of the appearance of the
female inflorescence, in order to determine the nitrogen
content in the leaf tissue, according to the methodology
established by Malavolta et al. (1997). The collected ma-
terial was washed with distilled and deionized water and
placed to dry in an oven with forced air circulation at 65
°C for 72 hours and then ground in a mill. After sulfuric
acid digestion of 0.2 g samples, total N was determined by
steam distillation in a semi-micro Kjeldahl unit according
Tedesco et al. (1995).

Measurements of first ear height (average of the first
ear insertion height from ground level in meters) and stem
diameter (at ground level in centimeters) were taken during
the harvest. Ear harvest was performed manually on
January 29, 2006. Ear length, number of rows per ear,
number of grains per ear and grain weight per ear were
taken from 10 plants randomly chosen in the harvest area
of the sub-subplots. The grains were processed in a
stationary threshing. The 1000 grain weight was
determined from four sub-samples of 100 grains (in grams)
taken randomly from the grain harvested to assess yield
and corrected to 13% moisture. Grain yield was based on
the yield of each harvest area of the sub-subplots by
weighing the grains in a semi-analytical balance and
correcting the moisture content to 13% wet basis, then
estimating the yield in kg ha-1.

Data on nitrogen rates, plant densities and spacings
from the experiment were examined by analysis of variance
of split-split-plot design and regression adjustment
specifically for nitrogen. The models with best fit were based
on the significance of the F test for each coefficient of the
equations, at 5% and 1% probability levels, and the highest
coefficient of determination, using the SAEG 8.0 software
(SAEG, 1999). Comparison of means of the interaction
spacing and plant density was performed by the Tukey
test at 5% probability level. For the single effects of spacing
or plant density, it was used the F test, which is conclusive
in the case of factors with only two levels.

 RESULTS AND DISCUSSION

The variables of yield components of the corn hybrid
AG 8021 were influenced by spacing, plant density and
nitrogen (N), with significant interaction among these
factors for stem diameter, first ear height, and grain weight
per ear. To evaluate these interactions, the effect of
spacing, 0.45 m or 0.90 m, was fixed to analyze the influence
of each plant density and N rates (Table 1 and 2).

Stem diameter was higher in the spacing 0.45 m than
the spacing 0.90 m (Figure 1a and 1b) value. There was a
quadratic effect of  N rates at 0.45 m, showing a quadratic
increase with the maximum point at the rate 110.47 kg of N
for the density of 60,000 plants ha-1 and maximum point at
122.81 kg N for 80,000 plants ha-1. At 0.90 m, there was a
linear effect for stem diameter as a function of N rates for
the density of 60,000 plants ha-1 and no effect for the
density of 80,000 plants ha-1, i.e., no change occurred with
increasing N rates. Therefore, the stem diameter in the
spacing 0.90 m between lines was higher in the density of
60,000 plants ha-1 in each N rate, while the spacing of 0.45
m with 60,000 plants ha-1 was superior only at the rates 80
and 100 kg ha-1 N.

The first ear height in the spacing 0.45 m had linear
increase with N rates for the density of 60,000 plants ha-1

and a quadratic effect for 80,000 plants ha-1 with the
maximum point at 133.33 kg ha-1 N. This result may be
related to a nutritional imbalance caused by the N supply
and S and Zn deficiency given the demand caused by the
increase in yield (Table 1). The density of 60,000 plants
ha-1 provided higher first ear height in the rates 80 Kg and
140 kg of N. The spacing 0.90 m had a quadratic response
to the N rates for the density of 60,000 plants ha-1 up to
the maximum rate of 125 kg ha-1 N, which also may be
related to a nutritional imbalance, and a reduction up to
the minimum rate of 99 kg ha-1 N for the density of 80,000
plants ha-1, i.e., in the density of 60,000 plants ha-1, the
first ear height was higher with 120 kg N, while in the
density of 80,000 plants ha-1, it was higher in with 80 kg N
(Figures 1c and 1d).
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The reduction in the first ear height in the density
of 80,000 plants with increasing amounts of N may be
related to the higher plant growth, and at the same time,
a greater demand for other nutrients that become
limiting with the increased plant density. Argenta (2001)
reported higher plant height and higher first ear height
with increase in plant density up to 65,000 plants ha-1

and similar result was obtained with 80 kg ha-1 N with
the first ear height higher for the density of 80,000 plants
ha-1, but from 99 kg ha-1, the first ear height tended to
increase. According Argenta (2001), the reduction in
spacing between lines and increase in density can cau-
se changes in plant characteristics due to the higher
competition among them.

Grain weight per ear was higher in the spacing 0.45 m
than in 0.90 m and higher in the density of 60,000 plants
ha-1 than 80,000 plants ha-1 in all N rates, occurring a linear
increase in grain weight per ear for both densities,
regardless of the spacing arrangement, 0.45 m or 0.90 m
(Table 2 and Figures 2a and 2b).

Number of rows per ear had significant effect only for
the use of increasing levels of nitrogen, showing linear
increase in this variable with increasing N rates and there
was no difference with the change in spacing and plant
density ( Figure 2c).

Ear length was  greater in the spacing 0.45 m than in
0.90 m (Table 1) and there was a significant interaction
between N rates and plant density (Figure 2d ). In this
case, both densities 60,000 and 80,000 plants ha-1 showed

linear increase in ear length with increasing N rates. This
result is consistent with those observed by Kappes et al.
(2011). The density of 60,000 plants ha-1 showed higher
means than 80,000 plants ha-1 in N rates between 100 and
140 kg N ha-1. According to Fornasieri Filho (1992), the
individual corn plant production is maximum in low
densities, to the point that the ear is larger and the stem is
very strong, making it difficult to mechanized harvesting,
however the yield per area is small. In fact, Argenta (2001)
found that the density of 50,000 plants ha-1 provided a
marked increase in ear length.

There was interaction between N application and plant
density for number of grains per ear. At the rates 80 and
120 kg N ha-1, the density of 60,000 plants showed larger
number of grains per ear than 80,000 plants (Figure 2e).
However, both densities showed a linear increase for
number of grains per ear with increasing N rates, which
was also reported by Amaral Filho et al. (2005). Significant
interaction was found for this variable between plant
density and spacing, since the population of 60,000 plants
ha-1 showed a similar number of grains per ear in both
spacings of 0.45 and 0.90 m, while the population of 80,000
plants ha-1 had higher means in the spacing 0.45 m (Table
2). In the spacing 0.45 m, the number of grains per ear was
similar in both plant densities, whereas in the spacing
0.90 m, the density 60,000 plants ha-1 had higher means.
Thus, the increase in plant density also increases
competition among plants, resulting in a reduction in the
number of grains per ear.

Table 1. Leaf nitrogen content, stem diameter, ear length, grain weight per ear and yield of corn as a function of row spacing, plant
density and nitrogen rate in the crop year 2005/2006 in Toledo - PR

Source of Leaf N Stem diameter Ear length Grain weight/ear Yield

Variation %                                       cm g t ha-1

Factor spacing
0.45 m 2.21 b 2.56 a 17.06 a 155.88 a 10.69 a
0.90 m 2.29 a 2.30 b 16.75 b 140.41 b 9.59 b
Factor density
60,000 pl. ha-1 2.24 2.64 a 17.28 a 171.17 a 10.27 a
80,000 pl. ha-1 2.26 2.23 b 16.53 b 125.13 b 10.00 b

F value

F spc 59.45 ** 71.58 ** 27.76 ** 1252.26 ** 1047.78 **
F den 1.31 ns 95.22 ** 42.68 ** 1281.59 ** 7.57 **
F den x spc 0.01 ns 35.86 ** 0.02 ns 1.66 ns 8.24 **
F Nrate 128.46 ** 9.12 ** 15.29 ** 143.76 ** 140.80 **
F Nrate x spc 8.49 ** 2.55 ns 0.91 ns 2.60 ns 2.20 ns

F Nrate x den 1.37 ns 0.82 ns 5.11 * 9.66 ** 2.94 *
F Nrate x den x spc 0.30 ns 5.77 * 0.55 ns 5.86 ** 5.56 **

C.V.
spc

 (%) 1.74 5.00 1.39 1.18 1.34
C.V.

den 
(%) 3.45 6.93 2.71 3.47 3.72

C.V.
Nrate

 (%) 2.76 4.31 2.07 2.22 2.22

* and **: significant at 5% and 1% level, respectively, by the F test. ns non significant at the 5% level by F test. Means followed by different
letters are significantly different by the F test at 5% probability.
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There was a significant interaction between plant
density and spacing for 1000 grain weight, since the
population of 60,000 plants ha-1 had higher means than
80,000 plants ha-1 for both spacings 0.45 and 0.90 m.
Similarly, Amaral Filho et al. (2005), Alvarez et al. (2006),
Lana et al. (2009), Modolo et al. (2010) and Mello et al.
(2011) also reported reductions in 1000 grain weight with
increase in plant density, therefore, the increase in 1000
grain weight may be associated with reduced competition
among plants in the density of 60,000 plants ha-1.
Interaction between N application and plant density was
also detected, with the density of 60,000 plants showing
higher 1000 grain weight (Table 2). For the densities of
60,000 and 80,000 plants ha-1 there was increase in 1000
grain weight with increasing rates of N. The density of
60,000 plants ha-1 had higher 1000 grain weight in both
spacings, 0.45 and 0.90 m. This response indicates a
greater effect of competition among plants in density of
80,000 plants ha-1 (Figure 2f). The variable 1000 grain weight
increased linearly with N rates in both spacings, which
was consistent with the results of Amaral Filho et al. (2005)
and Cancellier et al. (2011) who found direct correlation
(0.52) between the 1000 grain weight and yield, increasing
yield with increasing N rates.

The results showed that the corn yield components
stem diameter, ear length, grain weight per ear, number of
grains per ear and 1000 grain weight are negatively

affected with the increase in plant population per hectare
(Table 1 and 2), which was also reported by Kappes et al.
(2011). Similarly, the spacing of 0.90 m between lines also
reflects the effect of competition among plants and
negatively affects the same yield components. On the other
hand, Stacciarini et al. (2010) found that reducing the
spacing from 0.90 m to 0.45 m and increasing the density
from 60,000 to 90,000 plants ha-1 resulted in higher yield of
the hybrid 30K75 without changing ear height, number of
grains per ear and 1000 grain weight.

The mean leaf nitrogen content was 2.25% N, which is
considered below the adequate range (Table 1). According
to Raij et al. (1996), for the corn crop, the optimal leaf N
content for a successful development is in the range 2.75
to 3.25%.

There was significant effect for leaf N content as a
function of N rates independent of plant density, but with
different behavior between the spacings and with linear
increase up to 140 kg N ha-1 (Figure 3a).

In the spacing of 0.90 m, the corn crop showed
higher increase in leaf nitrogen content and yield at the
rates 120 and 140 kg ha-1 of N, probably due to less
competition for light among plants. In the spacing of
0.45 m, the leaf N content was lower than in 0.90 m, thus
the higher yield in the spacing 0.45 m may have caused
a diluting effect on leaf N content, reducing its value
(Table 1 and Figure 3a). The N required to produce one

 Table 2. First ear height, number of rows per ear, number of grains per ear and of 1000 grain weight of corn as a function of row
spacing, plant density per hectare and nitrogen rate in the crop year 2005/2006 in Toledo – PR

Factor spacing
0.45 m 1.29 14.80 566 aA 560 aA 31 aA 23 aB
0.90 m 1.30 14.68 568 aA 527 bB 28 bA 22 bB

Factor density
60,000 pl ha-1 1.30 14.79
80,000 pl ha-1 1.29 14.69

F value

F spc    3.06 ns     1.84 ns                           269.52 ** 635.76 **
F den    2.43 ns     0.49 ns                           262.53 ** 1342.81 **
F den x spc  21.84 ns     1.18 ns                           235.97 ** 4.57 *
F Nrate    16.61 **     3.59 *                           220.39 ** 60.93 **
F Nrate x spc    0.45 ns     0.08 ns                           20.86 ns 1.16 ns

F Nrate x den      7.49 **     0.72 ns                           26.00 * 7.31 **
F Nrate x den x spc   11.41 **     2.28 ns                           22.18 ns 1.62 ns

C.V.
spc

 (%) 1.11  2.44                           20.67 1.29
C.V.

den 
(%) 1.49  3.99                           22.14 2.93

C.V.
Nrate

 (%) 1.71  4.71                           21.89 2.52

* and **: significant at 5% and 1%, respectively, ns non significant at 5% level by the F test. Means followed by different capital letters in
the row and small letters in the column are significantly different by the Tukey test at 5% probability.

g

Number of grains/ear 1000 grain weight

Factor density

60,000 80,000 60,000 80,000

Source of
Variation

First ear
height

Number
of rows/ear
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tonne of corn grains varies from 27.5 to 32.5 kg t-1,
according Malavolta et al. (1997).

The increase in leaf N content, according to Souza et al.
(2011), increases the grain yield of corn grown after corn up
to 150 kg ha-1 of N, regardless of the application before
sowing or topdressing and the source ammonium
sulfonitrate with nitrification inhibitor, ammonium sulfate
or urea. Amaral Filho et al. (2005) also observed increases
in leaf N content and in estimates of chlorophyll content
and yield. Nevertheless, Hurtado et al. (2010) evaluated the
nutritional status of corn using a chlorophyll meter and
found a need for up to 180 kg ha-1 N, exceeding the amount
required to achieve maximum yield with 150 kg ha-1 (Souza
et al., 2011).

In high fertile soils, such as the Oxisoil of this study,
there is a stronger correlation between N content in the
corn plant and grain yield (Rambo et al., 2011). Fontoura
and Bayer (2009) discussed that the determination of the
N rate to achieve maximum economic efficiency for corn is
related to the N demand for the different ranges of crop
yield, the soil N supply capacity by the organic matter,
the effect of the predecessor cover crop on the N
availability and efficiency of applied N via mineral fertilizer.

Even with the linear increase in yield detected in
this study, it is important to apply nitrogen fertilizer
rationally for each farm. Farinelli & Lemos (2012) stated
that topdress N promotes significant increase in
agronomic and nutritional characteristics of corn,
reaching maximum grain yield with 151 kg ha-1 of N.
However, the rate of 90 kg ha-1 N can be used for medium-
technology farmers as it provides 20% of agronomic
efficiency and can reach yield of 8.50 t ha-1 of grains and
high-technology farmers can use 150 kg ha-1, which
provides 12% of agronomic efficiency and reaches yield
of 8.90 kg ha-1.

For grain yield, there was a significant interaction
among the effects of spacing, density and nitrogen rates,
therefore the effect of spacing 0.45 m or 0.90 m was fixed
to analyze the influence of each density and nitrogen rate
on the variable (Table 1 and Figures 3b and 3c).

In the spacing 0.45 m, the grain yield response to N
fertilization was independent of the plant density used,
ie, there was no significant difference in yield between
the populations at the rates evaluated, which indicates
that the competition among plants in the line and between
lines was weak in this condition (Figure 3b). However, in

Figure 1. Stem diameter (a) and first ear height (c) in the spacing between lines of 0.45 m, stem diameter (b) and first ear height (d)
in the spacing between lines of 0.90 m for each plant density and as a function of nitrogen rates in the corn crop in the crop year 2005/
2006 in Toledo - PR. * and **: significant at 5 and 1% by the F test.
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the spacing of 0.90 m, with the increase in density from
60,000 to 80,000 plants ha-1, the competition among
plants was more intense, leading to lower yield, especially
at the rates of 120 and 140 kg N for the density of 80,000
plants ha-1 (Figure 3c). In this spacing, competition
among plants in the line was higher and the increase in
corn yield provided for each kg of N added was only
19.1 kg of grain for 80,000 plants ha-1, while for 60,000
plants ha-1, the increase in yield was 33.3 kg grain per kg
of N added, with a greater response to fertilization (Figu-
re 3c). Fancelli and Dourado-Neto (2000) discussed that
a high plant density can cause premature shading of

leaves and reduce leaf area index, reducing the potential
for plant production. Our results are consistent with
Brachtvogel et al. (2009), who found increase in grain
yield from 30,000 to 70,000 plants ha-1 and decrease in
90,000 plants ha-1, regardless of the spacing, with
maximum yield in the spacing of 0.80 m and density of
67,000 plants ha-1. On the other hand, Von Pinho et al.
(2008) achieved maximum grain yield with 85,000 plants
ha-1 and Alvarez et al. (2006) observed higher grain yield
with increasing rates of topdress nitrogen in association
with 0.80 m between lines and 80,000 plants ha-1.
Moreover, Melo et al. (2011) observed maximum corn

Figure 2. Grain weight per ear in the spacing between lines of 0.45 m (a) and grain weight per ear in the spacing between lines of 0.90
m (b), number of rows per ear (c), ear length (d), number of grains per ear (e) and 1000 grain weight (f) in the corn crop for each plant
density as a function of nitrogen rates in the crop year 2005/2006 in Toledo - PR. * and **: significant at 5 and 1% by the F test.
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grain yield with 120 kg ha-1 N and density of 80,000 plants
ha-1, whereas higher N rates lead to luxury consumption
by the plant as it increases the concentration of N in the
shoot and decreases grain yield.

By fixing the spacing effect, it was possible to
observe that the average yield of the spacing 0.45 m
(10.69 t ha-1) was significantly higher than the spacing
0.90 m (9.59 t ha-1) ( Table 1), which was also confirmed
by Von Pinho et al. (2008) with different corn hybrids.
These authors observed that the spacing 0.45 m yielded
6.67 t ha-1 of grains, while 0.90 m yielded 5.81 t ha-1,
occurring more equidistant plant distribution in the area
with the hybrids 30K75 and Tork in the spacing 0.45 m.
Similarly, Argenta (2001) and Kaneko et al. (2010)
obtained increased yield by reducing the row spacing
from 0.90 to 0.45 m.

Reduction in row spacing allows better distribution
of plants in the area and less inter and intraspecific
competition for nutrients, water, light and other factors
(Amaral Filho et al., 2005; Deparis et al., 2007), providing
highest grain yields. However, the spacing did not affect
the corn grain yield in a study recently done by Sangoi
et al. (2011), because according to Argenta et al. (2001)

and Strieder et al. (2008) the effects of this cultural
practice depend on the hybrid and the level of
technology used.

It is important to consider the different performances
among genotypes reported in other studies and evidenced
by Kappes et al. (2011), in which the change in spacing to
0.45 m influenced the grain yield of the hybrid AG 9010
increasing the yield in 15%, especially for the density of
90,000 plants ha-1. The highest yield was obtained with
the hybrid XB 7253 with 70,000 plants ha-1 in the spacings
of 0.45 and 0.90 m, while for the hybrids XB 6010, XB 6012
and XB 9003 there was no significant response to spatial
arrangements and 50,000 plants ha-1 could be
recommended for both spacings. In another study, Trezzi
et al. (2008) found higher yield with the hybrid Penta in
the spacing 0.90 m, while the hybrid Sprint had similar
yield in both spacings 0.90 m and 0.45 m.

Thus, the farmer who aims to achieve higher yields in
corn, first, should invest on high nitrogen fertilization and
prioritize the adequate plant density for each genotype.
However, the increase in N rates requires the split of
nitrogen fertilization to enhance the increase in yield (Von
Pinho et al., 2008).

Figure 3. Leaf N content for the spacings 0.45 and 0.90 m as a function of nitrogen rates (a), yield in the spacing of 0.45 m (b) and
yield in the spacing of 0.90 m (c) for each plant density and as a function of nitrogen rates in corn in the crop year 2005/2006 in Toledo
- PR. * and **: significant at 5 and 1% by the F test.
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The use of higher nitrogen rates, adequate plant
density and sowing speed may increase the corn yield
without changing the spacing between lines (Alvarez et
al., 2006; Trezzi et al., 2008; Alvarez et al., 2009; Kappes et
al., 2011; Sangoi et al., 2011). The reduction in spacing
requires suitable platforms for harvesting, therefore the
farmer needs to modify or acquire new platforms to harvest
in reduced spacings (Dias et al., 2009), which results in
increased costs. However, it is pertinent to reduce spacing
between lines in areas that exceed the grain yield of 10 t
ha-1 (Strieder et al., 2008), as it occurred in this study.

CONCLUSIONS

The corn yield components (stem diameter, ear length,
grain weight per ear, number of grains per ear and 1000
grain weight) were negatively affected by the increase in
plant density from 60,000 to 80,000 plants per hectare.

The application of increasing nitrogen rates provided
increase in leaf N content, stem diameter, first ear height,
ear length, number of rows per ear, number of grains per
ear, grain weight per ear, 1000 grain weight and grain yield.

The hybrid AG 8021 had higher yield in the line spacing
of 0.45 m than in the line spacing of 0.90 m.

In the line spacing of 0.45 m, grain yield was similar for
both densities of 60,000 and 80,000 plants ha-1.

In the line spacing of 0.90 m, grain yield was higher for
the density of 60,000 plants ha-1.
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