Narrow and twin-row plantings do not increase maize yield

Siembras en hileras estrechas y mellizas no incrementan el rendimiento del maiz
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Reducing row space and sowing in twin rows of maize (Zea
mays L.) allow more equidistant plant distribution at the same
density. The objective of this research was to evaluate the effect
of these two management practices on the nitrogen content of
the index leaf, the leaf area index at silking, and the grain yield
of maize at different plant densities. The experiment was car-
ried out in Lages, Santa Catarina State University, in southern
Brazil during the growing seasons 2016-2017 and 2017-2018.
A split-plot arrangement of a randomized complete block
design was used. Two plant densities (7 and 9 plants m™) were
distributed in the main plot, and five row spaces (0.4, 0.6, 0.8,
1.0 m and twin rows 0.6 m apart with 0.18 m between rows)
were evaluated in split-plots. Physiological traits and grain
yield were determined on the maize hybrid P30R50YH. The
experiments were sown on 10/20/2016 and 10/21/2017. Kernel
yields were higher at the plant density of 9 plants m™ than at 7
plants m™. The row space did not affect the nitrogen content of
the index leaf, the crop leaf area index at silking, and the maize
grain yield. The increment of plant density was more effective
than the use of narrow and twin rows to enhance P30R50YH
hybrid grain yield.
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La reduccion del espacio entre lineas y la siembra en lineas
dobles en maiz (Zea mays L.) permite una distribucién mas
equidistante de las plantas con una misma densidad. El objetivo
de este trabajo fue evaluar los efectos de dos practicas de manejo
sobre el contenido de nitrégeno en la hoja indice, el indice de
area foliar del cultivo y el rendimiento de granos de maiz a
diferentes densidades de plantas. El experimento fue realizado
en Lages, en la Universidad del Estado de Santa Catarina, en el
sur de Brasil, en los periodos de cosecha 2016/2017 y 2017/2018.
Seutiliz6 un arreglo de parcelas divididas de un disefio experi-
mental de bloques completos al azar. En la parcela principal se
evaluaron dos densidades (7 y 9 plantas m?) y en las subparcelas
se evaluaron cinco espacios entre lineas (0.4 m, 0.6 m, 0.8 m,
1.0 m y lineas dobles de 0.6 m entre cada una y 0.18 m entre
lineas del par). Se evaluaron las caracteristicas fisioldgicas y el
rendimiento de granos del maiz hibrido P30R50YH, sembrado
en 20/10/2016 y 21/10/2017. Los rendimientos de grano fueron
mayores en la densidad de 9 plantas m”que a 7 plantas m™. El
espacio entre filas no afect6 el indice de contenido de nitrégeno
en la hoja, el indice de drea foliar del cultivo en el espigamiento,
y el rendimiento de granos. El incremento en la densidad de
plantas fue mas eficiente que la reduccion del espacio entre
lineas y la siembra en lineas dobles para incrementar el rendi-
miento del hibrido P30R50YH.

Palabras clave: rendimiento de granos, distribucién de plantas,
densidad de plantas.

Introduction

The adequate manipulation of plant arrangements is a
very important management strategy for optimizing maize
grain yield because it affects the leaf area index, the leaf
insertion angle, and the crop efficiency for intercepting
solar radiation at different canopy layers (Argenta et al.,
2001; Sangoi et al., 2019).

The right choice of row spacing and plant density are two
crucial decisions because they will determine the best use
of abiotic factors, such as water, solar radiation, and soil
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nutrients, so that maize can express its physiological po-
tential to produce grains (Penariol et al., 2003).

At the same plant density, a reduction in row spacing al-
lows a greater distribution of plants per area. Therefore, the
use of narrow rows may enhance the interception of solar
radiation, improve water and nutrient uptake, and increase
maize’s ability to suppress weed growth. Furthermore, it
can reduce water losses by evaporation and favor the use
of the same row spacing for maize and soybean speeds up
sowing. Narrow rows also permit better seedling distribu-
tion along the sowing row due to the low speed of the seeder
(Balbinot Jr. et al., 2011; Boiago et al., 2017).
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Another strategy to change maize row arrangement is by
using a cropping system with twin rows (TR). The planting
concept with TR involves the sowing of two neighboring
rows with reduced space (16-18 cm) apart from the next
two neighboring rows at a greater distance (50-60 cm).
The TR system also aims to improve plant distribution per
area to decrease intraspecific competition, increase solar
radiation interception, and provide more space for leaf and
root development (Balem, 2013).

Several factors increased the grower’s interest in reducing
maize row spacing from the traditional 0.7-0.9 m to 0.4-0.5
m. Among these factors are the development of hybrids
more tolerant to crowding, the offer of a great number of
selective herbicides to control weeds after plant emergence,
and the high agility of the industry to design agricultural
equipment adapted for its use in narrow row maize crops
(Sangoi & Silva, 2016).

The use of narrow rows does not always enhance maize
yield. It also increases the production costs due to the need
for adjusting the machine to harvest the crop. Furthermore,
it hampers post emergence management practices and
increases mechanical damages to the plants during these
operations (Jeschke, 2014).

The benefits of reducing row spacing or using twin rows
depend on several factors such as the kind of hybrid, the
sowing date, plant density, and grain yield expectation.
The advantages are more pronounced when the growers
use hybrids with erect leaves, sown at the end of the winter
with plant densities higher than 70,000 plants ha" and a
yield perspective greater than 10,000 kg ha (Strieder et al.,
2008; Sangoi et al., 2010).

This work was carried out based on the hypothesis that
the reduction of row distance and the use of twin rows are
effective strategies for manipulating plant arrangements
that enhance maize yield. The experiment had the objective
of evaluating the effects of narrow and twin rows on the
index leaf nitrogen content, the crop leaf area index, and
the maize grain yield at different plant densities.

Materials and methods

This study was conducted in the municipality of Lages,
state of Santa Catarina, in the highlands of southern Brazil,
during the 2016-2017 and 2017-2018 growing seasons. The
experimental site is located at 27°50°35” S, 50°02'45” W,
and 849 m a.s.l. The climate of the region is Cfb according
to the Koppen classification system (Kottek et. al., 2006)

with mild summers. The average temperature of the hot-
test month is below 22°C. The winters are cold, and there
is adequate rainfall throughout the year. The soil at the
experimental site was a Rhodic Kandiudox (United States
Department of Agriculture, 2010).

A soil analysis performed in August, 2016 showed the
following values: 470 g kg of clay, water pH 5.2, 13.5 mg
dm” of P, 232 mg dm™ of K, 42 g kg™ of organic matter, 6.1
cmol. dm™ of Ca, 2.6 cmol. dm™ of Mg, and 0.1 cmol, dm™
of AL The experimental area was in rotation with soybean
(Glycine max L.) during the summer with the presence of
black oat (Avena strigosa Schreb) preceding maize during
the winter.

A randomized block design was used with treatments ar-
ranged in split plots. Two plant densities were tested in the
main plots (7 and 9 plants m), and five row space distances
in the split plots (0.4 m, 0.6 m, 0.8 m, 1.0 m and TR). The
distance between the rows inside each TR was 0.18 m and
the distance between pairs of TR was 0.6 m. The split plots
had five replicates and consisted of four rows, with alength
of 7 m. All data were collected from the second and third
row, excluding 0.5 m at the end of each row.

The experimental area was fertilized with a mixture of
nitrogen, phosphorus and potassium on the day of sowing,
based on the results of soil analysis and in accordance with
the Sociedade Brasileira de Ciéncia do Solo - Comissio de
Quimica e Fertilidade do Solo (2004) recommendations to
achieve a grain yield of 18,000 kg ha™'. The sources used to
supply N, P, and K were urea (45% N), triple superphosphate
(46% P,0;), and potassium chloride (60% K,O), respec-
tively. The rates applied at sowing were equivalent to 30
kgha' N, 295 kgha' P,0O;, and 170 kg ha™ K,O. Fertilizers
were distributed on the soil surface close to the plant rows.
Nitrogen was side-dressed at a rate of 250 kg ha™', and split
into three different applications, when the crop was at
the V4, V8 and V12 growth stages, according to the scale
proposed by Ritchie et al. (1993).

The experiment was hand-sown in a no-tillage system
over a dead coverage of black oat on October 20, 2016 and
October 21, 2017. The single-cross hybrid P30R50YH was
used in both growing seasons. This is a very productive
early hybrid recommended for the highlands of Southern
Brazil. Three seeds per hill were used. The distance between
neighboring hills per line varied according to the plant den-
sity and row spacing. Strings previously marked with the
proper distance between hills were used to assure the right
seed distribution on each treatment. According to Richie
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et al. (1993), the experiment was thinned when plants were
at the V2 stage to adjust plant density to the desired value.
Seeds were treated with thiamethoxam (140 g) + fipronil
(12 g) and fludioxonil (25 g) + metalaxyl (10 g) per 100 kg
of seeds to prevent damages caused by insects and diseases
during the crop emergence and early growth stages.

Weeds were controlled with two herbicide applications.
The first, immediately after sowing and prior to plant
emergence, with a combination of atrazine (1,250 gha™) and
metolachlor (1,250 gha™). The second, after corn emergence
when the plants were at V4, with tembotrione (100 g ha™).
Two applications of the fungicides azoxystrobin (60 gha™)
+ cyproconazole, (25 g ha') were performed when maize
was at V10 and V18 growth stages to prevent leaf diseases.

Soil moisture was monitored with tensiometers. The
experiment was irrigated when soil water tension was
below -0.4 MPa, to maintain soil moisture close to field
capacity. In the first growing season, pluvial precipitation
during the crop cycle was 680 mm, and three irrigations
were applied. In the second growing season, total rainfall
reached 710 mm and the experiment was irrigated twice.
Nearly 30 mm of water was provided by a sprinkler system
at each irrigation.

Five plants were tagged on each split plot when the crop
reached the R1 growth stage (silking), according to Ritchie
et al. (1993). These plants were used to determine the ni-
trogen content of the index leaf (leaf attached to the stem
node of the ear), according to procedures described by
Vargas et al. (2012).

The same five plants were used to estimate leaf area (LA)
and leaf area index (LAI) at the growth stages of R1 (silk-
ing) and 30 d after silking, when kernels were at R3 (milk
stage). Both measurements followed the procedures used
by Leolato et al. (2017). LA was estimated measuring the
length (L) and largest width (W) of each photosynthetic
active leaf (leaf with >50% green area). Leaf area per plant
was calculated adding all the leaf measures and using the
following equation:

LA=LxWx0.75 (1)

where 0.75 is a correction coefficient used because leaves
do not have a rectangular area. LAI was determined di-
viding the leaf area per plant by the soil area occupied by
each plant, according to the combination of plant density
and row spacing.
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The number of ears per plant was counted at harvest. The
experiment was manually harvested on 04/20/2017 and
04/20/2018, when all leaves were senescent and kernel
moisture ranged from 18% to 22%. The ears were shelled,
and their grains were oven-dried using a drying oven with
circulation/air exchange (MA035/1152, Marconi, Piraci-
caba, SP, Brazil) at 65°C until the ears were at a constant
weight. The number of kernels per ear, 1,000 grain weight
and grain yield ha" were calculated and expressed at 13%
grain moisture.

The data were statistically analyzed by analysis of variance
using the SAS statistical software (SAS, 2016). The F test was
performed in two ways: individually per growing season
and collectively with data from both years. When F values
for the main effects and interactions were significant at the
5% significance level (P<0.05), the means were compared
by the Tukey’s test (P<0.05).

Results and discussion

Significant statistical differences (P<0.05) were observed
between the two growing seasons for the number of kernels
per area, number of grains per ear, weight of 1,000 grains,
and grain yield ha™. Data from these variables are presented
separately for each experimental year. The data related to
other variables are described collectively, considering the
means of both growing seasons.

The nitrogen content of the index leaf ranged from 3.46%
to 4.22%, depending on the plant arrangement (Tab. 1). The
mean value for this variable in the experiment was 3.93%.
The nitrogen content of the index leaf was affected by the
plant density but not by row distance. The density of 7
plants m” showed a higher nitrogen percentage at the index
leaf than the density of 9 plants m™. The lower N values
observed at the higher density indicate that the competi-
tion for nitrogen was more intense in the crowded stand
of maize. The same behavior was reported by Fontoura
and Bayer (2009), who suggested an increase of 10 kg ha™
in the nitrogen rate for each 5,000 plants added to plant
populations above 65,000 plants ha™. Plants with adequate
nitrogen supply will show a leaf nitrogen content ranging
from 3.7% to 4.2% during maize flowering (Cantarella &
Marcelino, 2008). Therefore, the results of the experiment
show that the amount of nitrogen available in the soil was
sufficient to fulfill the needs of the maize regardless of the
plant arrangement.
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TABLE 1. Nitrogen content of the index leaf of maize plants at silking in five row spaces and two plant densities. Mean values of two growing seasons

(2016/2017 and 2017/2018).

Row distance (m)

Plant density

(plants m?) 0.4 0.6 0.8 1.0 TR Mean
---------- Index leaf nitrogen content (%) -------
7 3.74 414 4.20 4.22 3.96 4.05A
9 3.80 3.46 3.99 3.98 3.84 3818
Mean 377TA 3.80A 410A 410A 3.90A 3.93

Means in the column followed by different uppercase letters are significantly different, and means in the row followed by the same letters are not significantly different according to the Tukey test
(P<0.05). The distance between rows inside each twin row (TR) was 0.18 m and the distance between pairs of TR was 0.6 m. Coefficient of variance = 7.63% and 3.21% for plant density (main

plot) and row space (split plot), respectively.

Leaf area index at silking and 30 d after silking and the
senescent leaf area at maize flowering were significantly
affected by plant density but not by row distance (Tab. 2).
All row distances showed higher values at 9 plants m™ than
at 7 plants m™. In all treatments, LAI values measured at
silking and 30 d after (kernels at milk stage) were greater
than 5.0, considered by Andrade et al. (2002) and Robles
et al. (2012) as the critical LAI required for the crop to
intercept 95% of the incident solar radiation. The high
LAI values, associated with the low senescent leaf area at
flowering (less than 600 cm®) indicate that maize plants
had a favorable photosynthetic surface area for reaching
high grain yield in the experiment.

Even the plant arrangement that combined high plant
density (9 plants m?) and wide row space (1.0 m) did
not speed up leaf senescence. The capacity to keep leaves

photosynthetically active for a longer time during grain
filling is an important feature in modern maize hybrids.
It allows them a superior adaptation to environments with
high intraspecific competition (Hammer et al., 2009; San-
goi et al., 2013).

The average grain yields were 15,440 and 16,570 kg ha™ for
the growing seasons of 2016-2017 and 2017-2018, respec-
tively. During the first year grain yield ranged from 14,610
to 16,440 kg ha", showing an amplitude of 1,830 kg ha™
among the different plant arrangements (Tab. 3).

In the second year, grain yield varied from 15,650 to 17,570
kg ha', having a range of 1,920 kg ha"' among the different
arrangements (Tab. 4). At both growing seasons, the best
treatment (twin rows with a plant density of 9 plants m?)
showed a 12% yield increase when compared to the worst

TABLE 2. Leaf area index (LAI) at silking, LAl 30 days after silking and senescent leaf area at silking of maize plants at five row distances and two
plant densities. Mean values of two growing seasons (2016/17 and 2017/18).

Row distance (m)

P(',?.';'n‘t’f.",f'z‘)” 0.4 0.6 0.8 1.0 R Mean
------- LAl at silking ------
7 6.6 6.2 6.0 6.1 6.7 6.3B
9 75 74 74 7.0 7.7 74A
Mean 70A 6.8A 6.7 A 6.6 A 72A 6.8
---- LAI 30 days after silking ----
7 6.4 6.0 5.8 5.9 6.4 6.1B
9 71 71 7.0 6.5 7.3 70A
Mean 6.7 A 6.6 A 6.4 A 6.2A 6.9A 6.5
--- Senescent leaf area at silking (cm?per plant) ---

7 265 261 283 336 310 291B

9 426 321 367 590 485 438 A
Mean 346 A 291 A 325A 463 A 397 A 364

Means in the column followed by different uppercase letters are significantly different, and means in the row followed by the same uppercase letters are not significantly different according to
the Tukey test (P<0.05). The distance between rows inside each twin row (TR) was 0.18 m and the distance between pairs of TR was 0.6 m. Coefficient of variance = 8.23%, 9.01% and 6.20%
for plant densities (main plot) and 5.34%, 5.89% and 4.80% for row spaces (split plots) of the variables LAl at silking, LAl 30 days after silking, and senescent leaf area at silking, respectively.
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treatment (row distance 0.4 m with a plant density of 7
plants m?). This low percentage difference indicates that
there was a small effect of plant arrangement on maize
yield. The environment interferes with the grain yield re-
sponse of maize on the variations of plant density and row
space. They can be pronounced according to the soil fer-
tility, climate conditions, and management practices used
during the crop growth and development (Schmitt, 2014).

TABLE 3. Grain yield (kg ha™) of maize plants at five row distances and
two plant densities. 2016-2017.

Row distance Plant density (plants m?) Mean
(m) 7 9
0.4 14,610 15,630 15,120 A
0.6 15,620 15,780 15,700 A
0.8 15,050 15,400 15,220 A
1.0 14,810 15,730 15,270 A
TR 15,340 16,440 15,890 A
Mean 15,090 A 15,800 B 15,440

Means in the row followed by different uppercase letters are significantly different, and means
in the column followed by the same uppercase letters are not significantly different according
to the Tukey test (P<0.05). The distance between rows inside each twin row (TR) was 0.18 m,
and the distance between pairs of TR was 0.6 m. Coefficient of variance = 6.40% and 4.86%
for plant density (main plot) and row space (split plot), respectively.

TABLE 4. Grain yield (kg ha™) of maize plants at five row distances and
two plant densities. 2017-2018.

Row distance Plant density (plants m?) Mean
(m) 7 9
0.4 16,130 17,670 16,850 A
0.6 16,000 17,400 16,700 A
0.8 15,820 16,640 16,230 A
1.0 15,650 16,410 16,030 A
TR 16,730 17,330 17,030 A
Mean 16,060 A 17,070 B 16,570

Means in the row followed by different uppercase letters are significantly different, and means
in the column followed by the same uppercase letters are not significantly different according
to the Tukey test (P<0.05). The distance between rows inside each twin row (TR) was 0.18 m
and the distance between pairs of TR was 0.6 m. Coefficient of variance = 5.90% and 5.12%
for plant density (main plot) and row space (split plot), respectively.

At both growing seasons, grain yield was affected by the
main effect of plant density. The increase of plant popula-
tion from 7 to 9 plants m™ produced a yield increment of
4.7% and 6.3% in 2016-2017 and 2017-2018, respectively,
on the mean of five row distances (Tabs. 3-4). The greater
yield observed at the higher density was probably due to the
favorable soil and climate conditions. The experiment was
irrigated whenever necessary to keep soil moisture close
to field capacity, and the soil fertility was high. The good
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management practices used during the crop growth and
the high yield potential of hybrid P30R50YH also favored
the response to crowding. Whenever the environmental
conditions are suitable to high kernel yield, maize requires
more plants per area to maximize grain yield (Jeschke,
2014; Sangoi et al., 2019).

Row distance did not affect maize grain yield at both grow-
ing seasons, regardless of the plant density. This result
shows that the reduction of row distance from 1.0 m to 0.4
m or the use of twin rows did not enhance maize yield.
Therefore, the more even plant distribution promoted by
narrow rows and TR was not an effective management
strategy to increase kernel yield. Serpa et al. (2008), Nova-
cek et al. (2013) and Robles et al. (2012) reported similar
results in experiments carried out in Brazil and the United
States of America, respectively.

The number of grains produced per area increased when
plant density was raised from 7 to 9 plants m?, at both
growing seasons (Tabs. 5-6). This yield component was not
affected by row distance. On the other hand, the increase
of plant density reduced the number of kernels per ear and
the 1,000 grain weight, on the average of five row spaces.
The number of ears per plant was close to 1 and did not
change significantly with plant density and row distance.
The yield component behavior proved the observations of
Sangoi and Silva (2016) and Boiago et al. (2017), showing
that the number of kernels per ear is the variable that has
the largest impact on maize yield.

This study was carried out based on the hypothesis that
the reduction of row distance and the use of twin rows are
effective strategies to manipulate plant arrangement to
enhance maize yield. This hypothesis is based on the prem-
ise that both management practices increase the distance
between neighboring plants within the sowing row. The
improvement in plant distribution may provide a better use
of water, solar radiation, and nutrients (Boiago et al., 2017).

The variables measured in the experiment did not confirm
the theoretical expectation. The shrinkage of row distances
from 1.0 m to 0.4 m or the row arrangement in TR did not
significantly change the nitrogen content of the index leaf
(Tab. 1) nor the crop LAI at silking and kernel at milk stage
(Tab. 2). The absence of significant effects of a more even
plant distribution derived from narrow and twin rows on
these two physiological parameters was confirmed by the
behavior of maize yield that was not affected by the five
row distances tested in the trial (Tabs. 3-4).

Agron. Colomb. 38(3) 2020



TABLE 5. Yield components of maize plants at five row distances and two plant densities in 2016-17.

Row distance (m)

Plant density 0.4 0.6 0.8 10 H Mean

(plants m?)
--------------------- Number of grains m2 ----=----=-----

3946 (NS)

3947

3869 3932 3940B
9 4398 4359 4173 4356 4416 4341 A
Mean 472 A 4181 A 4060 A 4113 A 4175 A 4140
------------ Weight of 1,000 grains (g) ------------
7 370 390 381 383 390 383A
9 356 362 369 361 373 3648
Mean 363A 376 A 375A 372 A 382A 374
----------- Number of grains per ear ----------
7 574 566 581 544 549 563 A
9 488 515 488 516 492 500 B
Mean 531A 541 A 535A 531A 521 A 532
---------- Number of ears per plant----------
7 0.96 1.01 0.99 1.01 0.96 0.99A
9 0.99 0.98 0.99 0.96 0.96 0.98 A
Mean 0.98 A 0.99A 0.99A 0.99A 0.96 A 0.98

Means in the column followed by different uppercase letters are significantly different, and means in the row followed by the same uppercase letters are not significantly different according to the
Tukey test (P<0.05). The distance between rows inside each twin row (TR) was 0.18 m and the distance between pairs of TR was 0.6 m. Coefficient of variance = 9.85%, 3.01%, 8.20% and 6.78
for plant density (main plot) and 8.34%, 2.89%, 7.87% and 5.85% for row space (split plot), for the variables number of grains m, weight of 1,000 grains, number of grains per ear, and number

of ears per plant, respectively.

TABLE 6. Yield components of maize plants at five row distances and two plant densities; Lages, SC, Brazil, 2017-2018.

Plant density

Row distance (m)

Mean
(plants m) 0.4 0.6 0.8 1.0 TR
---------------------- Number of grains m2------------
7 3734 3803 3734 3716 4090 38158
9 4414 4241 4153 4145 4405 4272 A
Mean 4074 A 4022 A 3943 A 3931 A 4248 A 4043
------------- Weight of 1,000 grains (g) -------------
7 432 41 424 422 410 422 A
9 398 41 401 396 394 4008
Mean 415A 416 A 412 A 409 A 402 A 41
------------- Number of grains per ear -------------
7 517 524 532 514 507 519 (A)
9 482 477 472 469 464 473 (B)
Mean 500 A 500 A 502 A 491 A 485A 496
----------- Number of ears per plant------------
7 0.98 0.99 1.03 1.03 1.05 1.02 (NS)
9 0.99 1.00 0.99 1.00 0.98 0.99
Mean 0.99 1.00A 1.01A 1.01A 1.02A 1.00

Means in the column followed by different uppercase letters are significantly different, and means in the row followed by the same uppercase letters are not significantly different according to
the Tukey test (P<0.05). The distance between rows inside each twin row (TR) was 0.18 m and the distance between pairs of TR was 0.6 m. Coefficient of variance = 10.05%, 4.11%, 9.45% and
7.05% for plant density (main plot) and 8.85%, 3.49%, 8.05% and 6.15% for the number of grains m, weight of 1,000 grains, number of grains per ear, and number of ears per plant, respectively.
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According to Strieder et al. (2008) and Sangoi et al. (2010),
the superior plant distribution derived from using narrow
or twin rows has a higher probability of improving the
maize grain yield when the crop is grown under conditions
that favor high yields. For this reason, the experiments
were conducted without water and nutrient restriction. The
irrigation and the high soil fertility level provided condi-
tions to attain grain productivity values that were nearly
three times greater than the average Brazilian grain yield,
which was 5,300 kg ha™ at the growing season 0f 2019-2020
(CONAB, n.d.). However, even with yield ceilings above
15,000 kg ha, no significant yield advantage of sowing
in narrow or twin rows was found, regardless of the plant
density (Tabs. 3-4).

The results shown in this research confirmed the observa-
tions by Andrade et al. (2002), Lee and Tollenaar (2007),
and Jeschke (2014). These authors emphasized that narrow
and twin rows have a greater potential for increasing maize
grain yield under soil and climatic conditions that prevent
the crop from reaching its critical LAT at flowering than
when wide row distances are used. Under the environmen-
tal conditions of this experiment, the LAI at silking and
30 d after silking was closed to 6.0, even in the wider row
spaces of 0.8 and 1.0 m. This shows that solar radiation
interception was not compromised, because maize critical
LAI ranges from 4.0 to 5.0, according to Andrade et al.
(2002) and Robles et al. (2012).

Two other factors that probably contributed to the lack
of response to the reduction of row distance were the soil
fertility level and the leaf architecture of hybrid P30R50YH.
Narrow rows can enhance nitrogen use efficiency (NUE)
and increase maize capacity to uptake N from the soil
(Barbieri et al., 2008). The higher NUE may increase maize
yield in nitrogen deficient environments (Barbieri et al.,
2000). The index leaf nitrogen content at silking measured
in the trial (Tab. 1) was above the value considered adequate
to meet maize requirements by Cantarella and Marcelino
(2008). This indicates that there was no restriction in the
nitrogen supply for the crop growth and development. The
high N rates used in the trial, split over three top-dress
fertilizations, contributed to assure an adequate nitrogen
supply for the crop during its growth cycle.

The reduction of row distance and the sowing with twin
rows have a superior possibility of improving maize yield
when hyper-early hybrids, with erect leaves and short
plants are grown. This kind of plant architecture allows
a greater amount of solar radiation to reach different lay-
ers of the canopy. Furthermore, it also prevents the crop
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from achieving the critical LAI when low plant densities
and wide row distances are used (Lauer et al., 2012; Sangoi
& Silva, 2016). The hybrid used in the experiment has an
early cycle, produces tall plants (plant height ranging from
2.5 to 3.0 m), and has decumbent leaves. These traits al-
lowed P30R50YH to reach the required leaf area index to
intercept 95% of the incident solar radiation at all the plant
arrangements evaluated in the trial.

Conclusions

The reduction of row distances or the use of twin rows
do not change the nitrogen content of the index leaf, the
crop leaf area index at silking, and the grain yield of maize
hybrid P30R50YH, regardless of the plant density.

The increment of plant density from 7 to 9 plants m?is
more efficient than the reduction of row distances or the
sowing with twin rows to enhance grain yield of maize
hybrid P30R50YH.
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