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

Maria do Carmo Lang Leando Rampimy Tatiane Ohlané Fernando Favey

ABSTRACT

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 hybridAG 8021, in the municipality ofoledo-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 plantsa®) wereallocated in the subplots and the three nitrogen rates (80, 100, 120 and 140lkgvkee
allocated in the sub-subplofpdress nitrogen was applied using urea as N solinegise of the plant population
from 60,000 to 80,000 plants-hand 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 0.99ield was higher with 60,000 plants than with 80,000 plants
at 0.90 m, while at 0.45 m there was ndetince in relation to the plant density

Key words: plant arrangemenfea may4. ., urea, topless nitrogen.

RESUMO
Espacamento, densidade populacional e adubacao nitrogenada na cultura do milho

O objetivo deste trabalho foi avaliar os componentes de producéo, teor de nitrogénio (N) no tecido foliar e
produtividade de grdos na cultura do milho em funcao de diferentes espacamentos entre linhas, densidade
populacional e doses de adubac¢éo nitrogenada em cobertura. O experimento foi conduzido no mufetépim-de
PR, no ano agricola de 2005/2006, em area de Latogsotwlho Eutroférrico sob sistema de semeadura direta, com
o hibrido simple&G 8021. O delineamento experimental utilizado foi em blocos casualizados, com quatro repeticoes
e tratamentos dispostos em parcelas subsubdivididas. Nas parcelas foram alocados os espacamentos entre linhas
(0,45 e 0,90n), nas subparcelas foram alocadas as populacées de plantas de milho (60 mil e 80 mil plamas ha
subsubparcelas foram alocadas as doses de nitrogénio em cobertura (80, 100, 120 e1di® Ky, liéilizando-se
como fonte de nitrogénio a urefelevacao da populagdo de plantas de 60 mil para 80 mil plarfashian como a
aplicacédo de doses crescentes da adubacéo nitrogenada em cobertura proporcionaram incremento nos componentes
de producaadA aplicacdo de N em cobertura proporciona incremento no teor de N foliar e na produtividade de gréos
para o espacamento 0,45 m e 0,90 m. O espacamento de 0,45 m alcangou produtividade superior ao espagamento 0,90 m.
Com 60 mil plantas a produtividade foi maior do que com 80 mil plantas no espagamento de 0,90 m, enquanto que com
0,45 m nao houve diferenca quanto a densidade populacional.

Palavras-chavearranjo de plantaZea mays., ureia, nitrogénio em cobertura.
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INTRODUCTION on yield (Cancellier et al., 2011, Farinelli & Lemos, 2012)
when other factors are not limiting. In southern Brazil

The national averagcorn grain yield in Brazil is around Ceretta, 2000) and in and in the whole country (Coelho,

4400 kg hdin 2011/2012 (Conab, 2012) and around 5590 S . . .
. . . 7), cornyield is limited by insufficient N fertilization to
ha' in the state of Parana (Seab, 2012). These yields are sti . o . . .
. . . € extent that the increase in yield with increasing nitrogen
far below those in the United States, with average corn

. . ) rates is represented by the increase in the number and
yield of 9240 kg hd (USDA, 2012). Brazilian low yields are . P ) y
o o weight of grains and spike length (Kappes et al., 2011).
closely related to climatic conditions (Cruz et al., 2008; Martin . .
_ Among the various N sources, urea is one of the most
etal., 2011), plant density and plant arrangement (Alvarez . . .
. X used in Brazilian agriculture. Urea has the lowest cost
etal., 2006; Kaneko et al., 2010; Chioderoli et al., 2012), as . . . :
. . _ compared to other N sources and is easily available in the
well as soil fertility The average amount of nitrogen (N)

market, but has low use efficiency by crops and high rate
used in corn crops in Brazil is 60 kg*hehile in the United ) wu clency by crop '9

. . of volatilization (Rojas et al. 2012). Howey8&ouza et al.
States is 150 kg hgCoelho, 2007), howevgX is the most (Roj ) 4

L . §2011) reported response in corn yield independent of the
limiting nutrient for the growth and development of plant o : . .
agpllcatlon mode, before sowing or topdressing with the

and represents one of the highest input costs in farmig urces ammonium sulfonitrate with nitrification inhihitor

S
systems (Sou;a etal,, 2012). ._ammonium sulfate or urea. Similarjouza et al. (2012)
The spatial arrangement of corn plants varies

. . ound that ammonium sulfate and urea enable better
depending on the spacing between rows and between

. . economical results.
plants in the row (dh Pinho, 2008; Kappes et al., 201

. . . Thus, the aim of this study was to evaluate the
Research shows that improving plant arrangement, in . . .
. . i _Hroductlon components, leaf nitrogen content and grain
equidistant spacings, has contributed to decreasi

. . . /feld in corn for different row spacings, plant densities
competition between plants in the row and reducing sai . .

. . : and nitrogen topdressing.
water evaporation due to increased shading (Argenta,

2001). It also fgcilitat.es wegd management (Trezzi et aMATERIALS AND METHODS

2008) and provides higher yields (Trezzi et al., 2008; Lana

et al., 2009; Modolo et al., 2010). This fact is associated The experiment was cooicted in a farm field
with the use of watersoil nutrients and interception of cultivated under direct seeding system for two years, in
solar radiation, which are decisive in yield formation (Lauethe municipality ofToledo - PR, situated between the
1994:Argenta, 2001; Deparis et al., 2007). coordinates 24°34'36" S and 53°48'04" W , 480 m altitude,

The use of reduced row spacing has provided highiérthe agricultural year 2005/2006.
productivity in corn due to more equidistant plant The soil was classified as very clayey Oxisoil
distribution (\on Pinho et al., 2008) coupled to the(Embrapa, 2006). The 0-0.20 m soil layer was sampled, and
reduction of the number of plants in the row (Amaral Fia chemical analysis produced the following results: pH in
lho, 2005). The increase in corn yield with reduced spacif¢fCl, = 5.4, O.M. =20.51 g df)P = 3.2 mg dr’y K= 0.67
identified by Kaneko et al. (2010) and Modolo et al. (20109mol dm?®; Ca = 7.68 cmedm?; Mg = 1.49 cmaldnm®; H
facilitates the no-tillage system in crop succession withAl =4.66 cmo|dm?; Al** =0 cmo] dm?; SB = 9.85 cmgl
soybean and corn while maintaining the same spacing @’ CTC = 14.51 cmgdm?®and V% = 68.05. The rainfall
both cultures, without the need to rearrange the se&&forded during the experiment wd$1 mmAccording
distribution in seeders. to Koppen, the climate is classified as Cfa, subtropical

However grain yield is also influenced by plantwith well distributed rainfall throughout the year and hot
density with higher yields achieved with densities abovéummers (Ometto, 1981).

70,000 plants ha This increase is related to the increasing The experiment was arranged in a randomized block
number of ears per area, but excess plant densities lead&§ign and treatments in split-split-plots, with four
competition between plants for watkght and nutrients replications. The two line spacings (0.45 m 0.90 m) were
(Amaral Filho et al., 2005¥ccording to Fancelli and allocated in the main plots, the two plant densities (60,000
Golden-Neto (2000), well-managed agricultural systennd 80,000 plants Hawere allocated in the subplots and
achieve high yields with 55,000 to 72,000 plants haing  the three nitrogen rates (80, 100, 120 and 140 kd\ha
the spacings 0.55 m and 0.80 m between rows. were allocated in the sub-subplots.

On the other hand, among the nutrients required by Each experimental plot was 24 meters long by 8.55
crops, nitrogen is the most limiting to growth and yieldneters wide, in order to keep the same area of 410.40 m
formation of corn (Raij, 1996). Nitrogen fertilization shouldfor each block (measuring 24 m long x 17.1 m wide). The
consider the expected grain yield and soil organic mattépacing between each plot and between each subplot was
content (Argenta, 2001), since nitrogen interferes positivekept at 0.90 m. The subptowere arranged in nine rows
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426 Maria do Carmo Lanat al.

with 24 min length for the spacing of 0,45 m and five lines Data on nitrogen rates, plant densities and spacings
with 24 m in length for the spacing of 0.90 m, which weré&om the experiment were examined by analysis of variance
divided into four sub-subplots with six m in length. Theof split-split-plot design and regression adjustment
harvest area for evaluating the sub-subplots consistedspkcifically for nitrogen. The models with best fit were based
three central lines, excluding 0.50 m at each end. on the significance of the F test for each coefficient of the
The experiment was conducted under direct seedirgjuations, at 5% and 1% probability levels, and the highest
system in an area that was formerly cultivated with blaactoefficient of determination, using the SAEG 8.0 software
oat during the winterCorn sowing was carried out on(SAEG 1999). Comparison of means of the interaction
September 20, 2005, using a tractor mounted seed dsiflacing and plant density was performed by the Tukey
adjusted for the spacings 0.45 m and 0.90 m for the pldest at 5% probability level. For the single effects of spacing
and sowing depth around 4-5 cm. Seeds of the single-plant densityit was used the F test, which is conclusive
cross hybridAG 8021, early maturing, tall with semi-hardin the case of factors with only two levels.
orange grain were used in the experiment. Plant density
was adjusted to 60,000 and 80,000 plant$ inathe RESULTS AND DISCUSSION
subplots by thinning after crop emergence. Therefore, 2.7
and 3.6 plants per meter were kept for the densities of The variabls of yield components of the corn hybrid
60,000 and 80,000 plants-hat the spacing of 0.45 m, AG 8021 were influenced by spacing, plant density and
while 5.4 and 7.2 plants per meter were kept for the spaciftirogen (N), with significant interaction among these
of 0.90 m, respectively factors for stem diametdirst ear height, and grain weight
Basic fertilization was applied with 20 kghid, 30 kg per ear To evaluate these interactions, théeef of
ha' K,0 and 90 kg h&iP,0, at sowing at approximately 12 spacing, 0.45 m or 0.90 m, was fixed to analyze the influence
cm depth. The sub-subplots were fertilized with fougf each plant density and N rateslfle 1 and 2).
nitrogen rates (80, 100, 120 and 140 kg R with urea Stem diameter was higher in the spacing 0.45 m than
applied when the plants were at the stage of 4-6 fulthhe spacing 0.90 m (Figure 1a and 1b) value. There was a
expanded leaves. guadratic effect of N rates at 0.45 m, showing a quadratic
In the tasseling stage, the leaf opposite and below thierease with the maximum point at the rate 110.47 kg of N
ear was collected in 10 plants randomly in the harvefsr the density of 60,000 plantshand maximum point at
area, more preciselgt the time of the appearance of thé22.81 kg N for 80,000 plants-h@t 0.90 m, there was a
female inflorescence, in order to determine the nitrogdimear effect for stem diameter as a function of N rates for
content in the leaf tissue, according to the methodolodlye density of 60,000 plants hand no effect for the
established by Malavolta et al. (1997). The collected mdensity of 80,000 plants #a.e., no change occurred with
terial was washed with distilled and deionized water andcreasing N rates. Therefore, the stem diameter in the
placed to dry in an oven with forced air circulation at 65pacing 0.90 m between lines was higher in the density of
°C for 72 hours and then ground in a mAffter sulfuric 60,000 plants h&in each N rate, while the spacing of 0.45
acid digestion of 0.2 g samples, total N was determined bywith 60,000 plants Havas superior only at the rates 80
steam distillation in a semi-micro Kjeldahl unit accordingand 100 kg h&N.
Tedesco et al. (1995). The first ear height in the spacing 0.45 m had linear
Measurements of first ear height (average of the firticrease with N rates for the density of 60,000 plants ha
ear insertion height from ground level in meters) and steamd a quadratic effect for 80,000 plants keith the
diameter (at ground level in centimeters) were taken durimgaximum point at 133.33 kg #idN. This result may be
the harvest. Ear harvest was performed manually ealated to a nutritional imbalance caused by the N supply
January 29, 2006. Ear length, number of rows per eand S and Zn deficiency given the demand caused by the
number of grains per ear and grain weight per ear weirgrease in yield (@ble 1).The density of 60,000 plants
taken from 10 plants randomly chosen in the harvest arka! provided higher first ear height in the rates 80 Kg and
of the sub-subplots. The grains were processed in130 kg of N. The spacing 0.90 m had a quadratic response
stationary threshing. The 1000 grain weight wag the N rates for the density of 60,000 plants lna to
determined from four sub-samples of 100 grains (in gramg)e maximum rate of 125 kg hd, which also may be
taken randomly from the grain harvested to assess yigllated to a nutritional imbalance, and a reduction up to
and corrected to 13% moisture. Grain yield was based g@ie minimum rate of 99 kg R for the density of 80,000
the yield of each harvest area of the sub-subplots Byants h4, i.e., in the density of 60,000 plantshthe
weighing the grains in a semi-analytical balance anfitst ear height was higher with 120 kg N, while in the
correcting the moisture content to 13% wet basis, thefensity of 80,000 plants B4t was higher in with 80 kg N
estimating the yield in kg Ha (Figures 1c adh1d).
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The reduction in the first ear height in the densit{inear increase in ear length with increasing N rates. This
of 80,000 plants with increasing amounts of N may beesult is consistent with those observed by Kappes et al.
related to the higher plant growth, and at the same tim@011). The density of 60,000 plantsttenowed higher
a greater demand for other nutrients that becommeeans than 80,000 plants™ia N rates between 100 and
limiting with the increased plant densifygenta (2001) 140 kg N h&. According to Fornasieri Filho (1992), the
reported higher plant height and higher first ear heiglmdividual corn plant production is maximum in low
with increase in plant density up to 65,000 plant$ hadensities, to the point that the ear is larger and the stem is
and similar result was obtained with 80 kgtiMwith  very strong, making it difficult to mechanized harvesting,
the first ear height higher for therggty of 80,000 plants however the yield per area is small. In fAcgenta (2001)
ha?, but from 99 kg hd, the first ear height tended to found that the density of 50,000 plants'tmovided a
increaseAccordingArgenta (2001), the reduction in marked increase in ear length.
spacing between lines and increase in density can cau- There was interaction between N application and plant
se changes in plant characteristics due to the high#gnsity for number of grains per eat the rates 80 and
competition among them. 120 kg N ha, the density of 60,000 plants showed larger

Grain weight per ear was higher in the spacing 0.45 number of grains per ear than 80,000 plants (Figure 2e).
than in 0.90 m and higher in the density of 60,000 planksowever both densities showed a linear increase for
ha' than 80,000 plants kén all N rates, occurring a linear number of grains per ear with increasing N rates, which
increase in grain weight per ear for both densitiesyas also reported ymaral Filho et al. (2005). Significant
regardless of the spacing arrangement, 0.45 m or 0.90mteraction was found for this variable between plant
(Table 2 and Figures 2a and 2b). density and spacing, since the population of 60,000 plants

Number of rows per ear had significant effect only foha® showed a similar number of grains per ear in both
the use of increasing levels of nitrogen, showing lineapacings of 0.45 and 0.90 m, while the population of 80,000
increase in this variable with increasing N rates and thepéants ha had higher means in the spacing 0.45 ab(@
was no difference with the change in spacing and plag}. In the spacing 0.45 m, the number of grains per ear was
density ( Figure 2c). similar in both plant densities, whereas in the spacing

Ear length was greater in the spacing 0.45 m than@90 m, the density 60,000 plantsttred higher means.
0.90 m (Bble 1) and there was a significant interactiohus, the increase in plant density also increases
between N rates and plant density (Figure 2d ). In thetompetition among plants, resulting in a reduction in the
case, both densities 60,000 and 80,000 plarttst@aved number of grains per ear

Table 1 Leaf nitrogen content, stem diametsar length, grain weight per ear and yield of corn as a function of row spacing, plant
density and nitrogen rate in the crop year 2005/200®8liedo - PR

Source of Leaf N Stem diameter Ear length Grain weight/ear Yield
Variation % cm g t hat
Factor spacing
0.45m 2.21b 256a 17.06 a 155.88 a 10.69 a
0.90m 2.29a 2.30b 16.75 b 140.41 b 9.59b
Factor density
60,000 pl. ha 2.24 2.64a 17.28 a 171.17 a 10.27 a
80,000 pl. ha 2.26 2.23b 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 1.31m 95.22 ** 42.68 ** 1281.59 ** 7.57 **
F den x spc 0.01ms 35.86 ** 0.02ns 1.66" 8.24 **
F Nrate 128.46 ** 9.12 ** 15.29 ** 143.76 ** 140.80 **
F Nrate x spc 8.49 ** 2.55"m 0.91rs 2.60" 2.20m
F Nrate x den 1.37"s 0.82m 5.11* 9.66 ** 2.94*
F Nrate x den x spc 0.30" 5.77* 0.55"™ 5.86 ** 5.56 **
C.V,,. (%) 1.74 5.00 1.39 1.18 1.34
C.V,..(%) 3.45 6.93 2.71 3.47 3.72
C.V. e (%0) 2.76 431 2.07 2.22 2.22

* and **: significant at 5% and 1% level, respectivaby the F test’™ non significant at the 5% level by F test. Means followed bigrdifit
letters are significantly diérent by the F test at 5% probability
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There was a significant interaction between plardffected with the increase in plant population per hectare
density and spacing for 1000 grain weight, since th@able 1 and 2), which was also reported by Kappes et al.
population of 60,000 plants fidnad higher means than (2011). Similarly, the spacing of 0.90 m between lines also
80,000 plants hafor both spacings 0.45 and 0.90 mreflects the effect of competition among plants and
Similarly, Amaral Filho et al. (20058lvarez et al. (2006), negatively affects the same yield components. On the other
Lana et al. (2009), Modolo et al. (2010) and Mello et ahand, Stacciarini et al. (2010) found that reducing the
(2011) also reported reductions in 1000 grain weight witkpacing from 0.90 m to 0.45 m and increasing the density
increase in plant densjttherefore, the increase in 1000from 60,000 to 90,000 plants-heesulted in higher yield of
grain weight may be associated with reduced competitidhe hybrid 30K75 without changing ear height, number of
among plants in the density of 60,000 plantst.ha grains per ear and 1000 grain weight.

Interaction between N application and plant density was The mean leaf nitrogen content was 2.25% N, which is
also detected, with the density of 60,000 plants showirggnsidered below the adequate rangd(@ 1) According
higher 1000 grain weight @ble 2). For the densities of to Raij et al. (1996), for the corn crop, the optimal leaf N
60,000 and 80,000 plantshehere was increase in 1000content for a successful development is in the range 2.75
grain weight with increasing rates of N. The density aio 3.25%.

60,000 plants hahad higher 1000 grain weight in both  There was significant effect for leaf N content as a
spacings, 0.45 and 0.90 m. This response indicatesuaction of N rates independent of plant dendityt with
greater effect of competition among plants in density different behavior between the spacings and with linear
80,000 plants hig(Figure 2f). The variable 1000 grain weightincrease up to 140 kg N A@-igure 3a).

increased linearly with N rates in both spacings, which In the spacing of 0.90 m, the corn crop showed
was consistent with the resultsfoharal Filho et al. (2005) higher increase in leaf nitrogen content and yield at the
and Cancellier et al. (2011) who found direct correlatiorates 120 and 140 kg fiaf N, probably due to less
(0.52) between the 1000 grain weight and yield, increasimgmpetition for light among plants. In the spacing of
yield with increasing N rates. 0.45 m, the leaf N content was lower than in 0.90 m, thus

The results showed that the corn yield componentke higher yield in the spacing 0.45 m may have caused
stem diameteear length, grain weight per eaumber of a diluting effect on leaf N content, reducing its value
grains per ear and 1000 grain weight are negative(ffable 1 and Figure 3aJhe N required to produce one

Table 2.First ear height, number of rows per,earmber 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 2005/20@6lin— PR

Number of grains/ear 1000 grain weight

Source of First ear Number Factor density
Variation height of rows/ear 60,000 80,000 60,000 80,000

9
Factor spacing
0.45m 1.29 14.80 566 aA 560 aA 3laA 23aB
0.90m 1.30 14.68 568 aA 527 bB 28 bA 22 bB
Factor density
60,000 pl ha 1.30 14.79
80,000 pl ha 1.29 14.69

F value

F spc 3.06" 1.84m 269.52 ** 635.76 **
F den 2.43 0.49" 262.53 ** 1342.81 **
F den x spc 21.84" 1.18m™ 235.97 ** 4.57*
F Nrate 16.61 ** 3.59* 220.39 ** 60.93 **
F Nrate x spc 0.45™ 0.08™ 20.88 1.16m
F Nrate x den 7.49 ** 0.72" 26.00 * 7.31 **
F Nrate x den x spc  11.41 ** 2.28™ 22.18 1.62"
C.V.., (%) 1.11 2.44 20.67 1.29
C.V.,..(%) 1.49 3.99 22.14 2.93
C.V,ue (%0) 1.71 4.71 21.89 2.52

* and **: significant at 5% and 1%, respectivelynon significant at 5% level by the F test. Means followed bierdint capital letters in
the row and small letters in the column are significantlyedént by theTukey test at 5% probability
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tonne of corn grains varies from 27.5 to 32.5tkg Even with the linear increase in yield detected in
according Malavolta et al. (1997). this study it is important to apply nitrogen fertilizer
The increase in leaf N content, according to Souza et edtionally for each farm. Farinelli & Lemos (2012) stated
(2011), increases the grain yield of corn grown after corn tpat topdress N promotes significant increase in
to 150 kg ha of N, regardless of the application beforeagronomic and nutritional characteristics of corn,
sowing or topdressing and the source ammoniuneaching maximum grain yield with 151 kg-haf N.
sulfonitrate with nitrification inhibitgrammonium sulfate However the rate of 90 kg haN can be used for medium-
or ureaAmaral Filho et al. (2005) also observed increasdechnology farmers as it provides 20% of agronomic
in leaf N content and in estimates of chlorophyll contergfficiency and can reach yield of 8.50 t'twd grains and
and yield. Nevertheless, Hurtado et al. (2010) evaluated thiggh-technology farmers can use 150 kgt,hahich
nutritional status of corn using a chlorophyll meter angrovides 12% of agronomic efficiency and reaches yield
found a need for up to 180 kghid, exceeding the amount of 8.90 kg ha.
required to achieve maximum yield with 150Haf (Souza For grain yield, there was a significant interaction
etal., 2011). among the effects of spacing, density and nitrogen rates,
In high fertile soils, such as the Oxisoil of this studytherefore the effect of spacing 0.45 m or 0.90 m was fixed
there is a stronger correlation between N content in the analyze the influence of each density and nitrogen rate
corn plant and grain yield (Rambo et al., 2011). Fontourn the variable (@ble 1 and Figures 3b and 3c).
and Bayer (2009) discussed that the determination of the In the spacing 0.45 m, the grain yield response to N
N rate to achieve maximum economic efficiency for corn iertilization was independent of the plant density used,
related to the N demand for the different ranges of crag, there was no significant difference in yield between
yield, the soil N supply capacity by theganic matter the populations at the rates evaluated, which indicates
the effect of the predecessor cover crop on the that the competition among plants in the line and between
availability and dfciency of applied N via mineral fertilizer lines was weak in this condition (Figure 3b). Howeirer

_ 0.45m A _ 0.90 m B
£ _ £
©Q 295 Tukey: Population S 3004 '
= dms = 0.1505 = Tukey: Population
& ' 2 dms =0,1505 —
2 1gp (P<0,05) ® 275 O e
g %7 E " (P<005) e S
) A, 8 Y S
T | e ° PYR Iy
_____ A e U -
Eagsy T T £
N v n 995
2,50 1
2,00 . i .
235 | o Diamgg = 0,572+ 0,038*N- 0,172\ R2=0,23 ,
, 175 A Diamgyy=2,0245+0,0086"N R2=0,54
[ u Diamgy,=-0,021+ 0,042*N - 0,000171**N? R?=0,80 )
B Diamgy= 1,9720
220 . . ; 150 : : ;
80 100 120 140 80 100 120 140
140 - 140 1 .
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dms=0,0317 dms=0,0317
E 1x{ (0K E 1] P9
5 5
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T 130 2
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2 % .
L 125 i 1251 . " "
A Fear height ., = 1,225+ 0000725"N R?=0,70 - & Fear height; . = 0,156 +0,020”N - 0,00008"N? R?=0,99
 Fear height . = 0819+ 0.008'N - 0,00003N? R2= 099 )% W Fear height g = 1,8035 - 0,0099*N + 0,00005"N? R?= 0,96
1,20 T T ) 1,20 T T )
80 100 120 140 80 100 120 140
N rate (kg ha™') N rate (kg ha™')

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 inToledo - 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 fromeaves and reduce leaf area index, reducing the potential
60,000 to 80,000 plants hathe competition among for plant production. Our results are consistent with
plants was more intense, leading to lower yield, especiaBrachtvogel et al. (2009), who found increase in grain
at the rates of 120 and 140 kg N for the density of 80,00@Id from 30,000 to 70,000 plants-hand decrease in
plants ha (Figure 3c). In this spacing, competition90,000 plants hj regardless of the spacing, with
among plants in the line was higher and the increasermaximum yield in the spacing of 0.80 m and density of
corn yield provided for each kg of N added was onl$7,000 plants ha On the other hand/on Pinho et al.
19.1 kg of grain for 80,000 plants-havhile for 60,000 (2008) achieved maximum grain yield with 85,000 plants
plants ha, the increase in yield was 33.3 kg grain per ka* andAlvarez et al. (2006) observed higher grain yield
of N added, with a greater response to fertilization (Figwith increasing rates of topdress nitrogen in association
re 3c). Fancelli and Dourado-Neto (2000) discussed thaith 0.80 m between lines and 80,000 plants.ha
a high plant density can cause premature shading Mbreover Melo et al. (201) observed maximum corn
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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 2005/20@6eido - PR. * and **: significant at 5 and 1% by the F test.
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grain yield with 120 kg haN and density of 80,000 plantsand Strieder et al. (2008) the effects of this cultural
hat, whereas higher N rates lead to luxury consumptiopractice depend on the hybrid and the level of
by the plant as it increases the concentration of N in thechnology used.
shoot and decreases grain yield. It is important to consider the different performances
By fixing the spacing effect, it was possible toamong genotypes reported in other studies and evidenced
observe that the average yield of the spacing 0.45 oy Kappes et al. (2011), in which the change in spacing to
(10.69 t ha) was significantly higher than the spacing0.45 m influenced the grain yield of the hybt@ 9010
0.90 m (9.59 t h§ (Table 1), which was also confirmedincreasing the yield in 15%, especially for the density of
by Von Pinho et al. (2008) with dérent corn hybrids. 90,000 plants h&a The highest yield was obtained with
These authors observed that the spacing 0.45 m yieldbeé hybrid XB 7253 with 70,000 plantstia the spacings
6.67 t ha of grains, while 0.90 m yielded 5.81 tha of0.45and 0.90 m, while for the hybrids XB 6010, XB 6012
occurring more equidistant plant distribution in the areand XB 9003 there was no significant response to spatial
with the hybrids 30K75 ant@iork in the spacing 0.45 m. arrangements and 50,000 plantstheould be
Similarly, Argenta (2001) and Kaneko et al. (2010yecommended for both spacings. In another siliéyzi
obtained increased yield by reducing the row spacirgf al. (2008) found higher yield with the hybrid Penta in
from 0.90to 0.45 m. the spacing 0.90 m, while the hybrid Sprint had similar
Reduction in row spacing allows better distributioryield in both spacings 0.90 m and 0.45 m.
of plants in the area and less inter and intraspecific Thus, the farmer who aims to achieve higher yields in
competition for nutrients, watgelight and other factors corn, first, should invest on high nitrogen fertilization and
(Amaral Filho et al., 2005; Deparis et al., 2007), providingrioritize the adequate plant density for each genotype.
highest grain yields. Howevdhe spacing did notfgict However the increase in N rates requires the split of
the corn grain yield in a study recently done by Sangaitrogen fertilization to enhance the increase in yietth(V
etal. (201), because accordingAsgenta et al. (2001) Pinho etal., 2008).
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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 2008406 in
- PR. * and **: significant at 5 and 1% by the F test.
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The use of h|gher nitrogen rates, adequate p|aﬁtli0der0|i CA, Mello LMM, Grigolli PJ, Furlani CEA, Silva JOR

density and sowing speed may increase the corn yield: CeSaMNAL (2012)Atributos fisicos do solo e produtividade
de soja em sistema de consércio milho e braquiaria. Revista

without changing the spacing between lines (Alvarez etpasileira de Engenhariagricola eAmbiental, 16:37-43.

al., 2006;Trezzi Et'al" 200&)\varez etal., 2009; Kgppes ej[ CoelhoAM (2007) Manejo da adubag&@o nitrogenada na cultura do
al., 2011; Sangoi et al., 2011). The reduction in spacingmilho. Sete Lagoas, Embrapa Milho e Sorgo. 11p. (Circular
requires suitable platforms for harvesting, therefore thetécnica, 96.)

farmer needs to modify or acquire new platforms to harvesbnab - Companhia Nacional déastecimentoAcompanha-

in reduced spacings (Dias et al., 2009), which results inmento da safra Brasileira: gréos, oitavo levantamento junho

. - . . 2012/ Companhia Nacional debastecimento, Brasilia: Conab,
increased costs. Howevéris pertinent to reduce spacing 2012. Disponivel em: <http://wwwonab.gowr/OlalaCMS/

between lines in areas that exceed the grain yield of 10 tploads/arquivos/ 12_0_05_09_50_17_ boletim_safra_-_junho-
ha' (Strieder et al., 2008), as it occurred in this study 2012.pdf>.Acesso em 05 de junho de 2012.

Cruz SCS, Pereira FRS, Santos AbuquerqueAW & Pereira RG

(2008) Adubacéo nitrogenada para o milho cultivado em siste-
CONCLUSIONS ma plantio direto, no Estado ddagoas. Revista Brasileira de
. . EngenhariaAgricola eAmbiental, 12:62-68.
The corn yield components (stem diamgatar length,
grain weight per eanumber of grains per ear and 100¢°¢P"'s GA, Lana MC & Frandoloso JF (2007) Espagamento e

. . . . . adubacgédo nitrogenada e potassica em cobertura na cultura do

grain weight) were negatively affected by the increase inmiiho. Acta Scientiarumagronomy 29:517-525.

plant denSity from 60,000 to 80,000 plants per hectare. Dias VO, Ferri DJ,Alonco AD & Souza, R.S. (2009A\nélise de

The application of increasing nitrogen rates provided "Vestimento em plataformas colhedoras de milho em
espacamento reduzido: efeito de oscilagdes da produtividade, do

increase in leaf N content, stem diamgfiest ear height,  ,reco do milho e da semente. Engenhadaicola, 29:249-256.

ear Iength’ r.1umber of rows pell’ ;aammber of grallns _per Embrapa - Empresa Brasileira de Pesquigaopecuaria (2006)
ear grain weight per eat 000 grain weight and grain yield.  sjstema brasileiro de classificacéo de solos. Brasilia, Embrapa

. . . . . . Producéo de Infi do. 306p.
The hybridAG 8021 had higher yield in the line spacing o _ugao ¢ Informacao P . _ )
of 0.45 m than in the line spacing of 0.90 m. FancelliAL &’ l?ourado-Neto D (2000) Producao de milho. Guaiba,
Agropecuéria. 360p.

In the line spacing of 0.45 m, grain yield was similar fogarinelii R & Lemos LB (2012) Nitrogénio em cobertura na cul-
both densities of 60,000 and 80,000 plants ha tura do milho em preparo convencional e plantio direto conso-
) ) o ) lidados. PesquisAgropecuariaTlropical, 42:63-70.
In the line spacing 0f0.90 m, gran yleld was hlgher folgontoura SMV& Bayer C (2009)Adubacéo nitrogenada para alto
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