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ABSTRACT - The aim of this study was to evaluate the morphological changes and late season maize yield in two
plant densities intercropped with five populations of Urochloa (syn. Brachiaria) brizantha cv. ‘Marandu’ in reduced
row spacing for pasture formation. The experiment was established on March 1, 2012 in an Oxisol in Dourados, Mato
Grosso do Sul State, Brazil. A randomized block experimental design was used with split-plots in four replications.
The main plot consisted of two maize plant densities (5.2 and 5.7 plants m?) and the subplots of five plant densities of
the Urochloa (0, 5, 10, 20 and 40 plants m?). The greatest plant density of maize showed a greater leaf area index and
greater yield of late season maize, but did not affect the chlorophyll content of maize and the dry matter of Urochloa.
Urochloa plant densities did not affect maize yield; however, densities greater than 20 plants m™ reduced tillering and
led to increased dry matter in Urochloa. The late season maize at higher plant densities intercropped with 20 plants m>
of U. brizantha cv. ‘Marandu’ leads to total forage dry matter production and increased maize grain yield and forage
for pasture formation.

Key words: Zea mays; Brachiaria; intercropping; crop-livestock integration.

MORFOFISIOLOGIA E PRODUTIVIDADE DE MILHO SAFRINHA
CONSORCIADO COM Urochloa EM ESPACAMENTO REDUZIDO

RESUMO - Objetivou-se, avaliar as alteragdes morfofisiologicas e a produtividade de milho safrinha em duas
populacdes de plantas, consorciado com cinco populagdes de Urochloa (sin. Brachiaria) brizantha cv. Marandu,
em espagamento reduzido para a formagdo de pastagem. O experimento foi implantado em 01 de margo de 2012,
em Latossolo Vermelho distroférrico, em Dourados, MS. O delineamento experimental foi em blocos casualizados,
com parcelas sub-divididas em quatro repeti¢des. A parcela principal foi constituida pelas duas populagdes de milho
(5,2 e 5,7 plantas m?) e as subpacelas pelas cinco populagdes da forrageira (0, 5, 10, 20 e 40 plantas m). A maior
populagdo de milho proporcionou maior indice de area foliar ¢ maior produtividade do milho safrinha, mas nao
interferiu no indice de clorofila do milho e na massa seca da braquiaria. As populagdes de braquidria ndo interferiram
na produtividade do milho, porém, populagdes maiores que 20 plantas m? promovem reducéo do perfilhamento e
aumento de massa seca de braquiaria. O milho safrinha em maior populag@o de plantas, consorciado com 20 plantas
m? de U. brizantha cv. Marandu proporciona maior produgdo de massa de matéria seca total, produtividade de graos
de milho e massa de matéria seca da forrageira para formagao de pasto.

Palavras-chave: Zea mays; Brachiaria; consorcio; Integragdo Lavoura-Pecuaria.
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The growing demand for food and bioenergy
with greenhouse gases mitigation requires solutions
to encourage socioeconomic development without
the

This has stimulated the search for

compromising sustainability of natural
resources.
sustainable production systems, with intensification
of land use without harming the environment,
creating benefits for society. Crop-livestock
integration has been indicated as an alternative
for conciliating food production and environment
conservation (Vilela et al., 2011).

Maize stands out for intercropping
possibilities due to its greater plant height and
rapid initial growth, as it is competitive with
the intercropped species. Among the crops that
can be intercropped beans and perennial forage
(Brachiaria and Panicum genus) are highlighted
(Portes et al., 2000). Maize is one of the most
studied annual crops and the most adapted to
cropping in integrated systems (Kluthcouski, et
al., 2000; Broghi & Crusciol, 2007; Chioderoli et
al., 2010), with high quality of the forage, weed
control, increase in soil organic matter, temporary
immobilization of nutrients and soil protection
(Borghi & Crusciol, 2007).

Maize has been grown in the fall-winter
period of late season in the Midwestern region of
Brazil, soon after soybean as an important species
for soil protection, especially in intercropping
with a perennial forage crop such as Brachiaria
or Panicum. This may contribute for a greater
quantity of plant dry matter and higher percentage
of covered soil, resulting in greater yields in
successive crops (Ceccon et al., 2013).

Among the maize cropping modalities,
reduced row

spacing has been adopted by

farmers, with an increase of the area and grain

yield (Ceccon, 2007). Nevertheless, there are few
studies for evaluation of Urochloa plant densities
intercropped with maize in reduced row spacing.

The arrangement and density of plants
are essential for refining appropriate use of the
environment (Afférri et al. 2008), and due to the need
for increasing the efficiency of light interception,
hybrids were selected in plant arrangements with
high densities, leading to increase in crop yield
(Sangoi et al., 2002). This shows the importance of
identifying Urochloa plantdensities for intercropping
with maize so that the two species produce in the
same environment, even though maize has greater
competitive capacity and suppression ability than
the forage crop (Ikeda, 2010).

This

morphophysiological changes and evaluate the

study was proposed to identify
yield of late season maize grown at two plant
densities intercropped with five Urochloa plant
densities in reduced row spacing aiming to pasture

formation.

Material and Methods

The experiment was carried out in an
experimental area in Dourados, Mato Grosso do
Sul State, Brazil (22° 13’ S and 54° 48° W, at 400 m
altitude) in a very clayey texture Oxisol (Embrapa,
1999). The climate, according to the Koppen
classification, is the Cwa type with hot summers
and dry winters and high temperatures observed in
December and January and low temperatures from
May to August, similarly excessive rain in spring-
summer and water deficit in fall-winter (Fietz &
Fisch, 2008).

A randomized block experimental design

was used in split-plots, with the main plot consisting
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of two plant densities of late season maize (5.2
and 5.7 plants m, 52,000 and 57,000 plants ha’!,
respectively) and the subplots of five initial plant
densities of U. brizantha cv. ‘Marandu’ (0, 5, 10,
20 and 40 plants m?), with four replications. The
experimental units consisted of 5 rows of maize at
0.45 m spacing between rows, of 2.25 m width by
12.0 m length, totalizing 28 m? in each subplot.

Sowing was performed on 1% March, 2012
in a no-till system after soybeans, using a precision
pneumatic planter for maize sowing, regulated
for 220 kg ha' in the 08-20-20 NPK formula.
The maize seeds (BRS 1010) were treated with
thiodicarb insecticide at a rate of 0.6 kg a.i. 100
kg of seed. Urochloa was sown mechanically on
the same day and in the same rows as the maize
using a pneumatic plot planter, Wintersteiger, at an
average depth of 0.06 m. The forage seeds were
coated and treated with fipronil insecticide, and
seeds quantity in each plot (1, 2, 4 and 8 g m?) was
calculated based on the germination rate (Brasil,
2009). The sowing operation was performed
separately for each species.

Ten days after emergence of the species, the
maize was thinned to adjust the two plant densities;
plots of one meter row were demarcated in order
to evaluate the yield components and dry matter
yield, only at the harvest time.

Weed control was performed by applying
atrazine at a dose of 1.5 1 ha! in post-emergence
of the maize, forage (the emergence occurred five
days after sowing for both species) and weeds.
Pests were controlled by applying deltamethrin
insecticide after maize emergence at a dose of
0.005 1 ha! according to occurrence.

In the beginning of flowering, over a seven-

week period, the total chlorophyll and chlorophyll

A index were evaluated in the middle of the leaf
using the chlorophyll measuring device - Clorofilog
(Falker, 2012), on a weekly basis. The dry matter
of the two species was also evaluated, collecting
five whole maize plants, randomized each subplot
(in these plants were also measured maize leaf area
with an automatic meter), and cutting the Urochloa
plants within a 0.45 m? (0.45 x 1.0 m) area. The
samples of 0.5 kg subsamples were collected and
dried in a forced circulation chamber at 60 °C until
constant moisture was reached to determine DM
yield of the species. Maize harvest was carried out
on 27" July, 2012 at physiological maturity (R6),
cutting five plants at soil level for evaluating dry
matter and grain yield was estimated from the
grains harvested in 4.5 m? in each subplot.

At maize harvest, the following evaluations
were performed: plant height, ear height, stem
diameter, leaf area, dry matter, a hundred grain
weight and plot grain weight. The leaf area index
(LAI), the crop growth rate (CGR) (with the data
from dry matter at flowering and at harvest), the
grain filling rate (GFR), the dry matter yield at
flowering and at harvest, and grain yield, adjusted
to 130 g kg (13 %) moisture, were all calculated
in the laboratory.

The

evaluated in Urochloa: number and height of stems

following  characteristics  were
and dry matter of the plot, stems density and dry
matter yield were estimated, with the evaluations
being carried out at flowering and at maize harvest
(the last evaluation was done in the row plot defined
before).

In September 2012, a new sampling of
Urochloa plants was performed in one meter length
row to determine dry matter yield to evaluate the

ability of the forage for establishing pasture.
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The data were subjected to analysis of
variance by the F test and regression test (p<0.05).
The plant density data of the maize were compared
by the SNK test (p<0.05). The mean plant densities
of U. brizantha cv. ‘Marandu’ are presented with
the best fitting significant polynomial regression

equation.

Results and Discussion

Analysis of variance showed a significant
effect of maize plant densities for leaf area index,
crop growth rate, grain filling rate, grain yield
and dry matter at flowering; and significant effect
of Urochloa plant densities on maize chlorophyll
index, Urochloa stem density and Urochloa plant
matter yield (Table 1, Figures 3, 4, 7 and 8). A
significant interaction was observed between
maize plant densities and Urochloa plant densities
for maize leaf area index, growth rate, grain filling
rate and maize plant matter yield at flowering and

at harvest; and the greatest values were observed

at the greater plant density (Figures 2, 5 and 6).
The values are relatively high for the late season
maize, but this may be explained by the greater
availability of rain in the period (Figure 1).

A significant effect of maize plant densities
was not observed, for Urochloa plant densities,
maize plant height (2.01 m), ear height (0.95 m),
stem diameter (20.7 mm), total dry matter yield at
harvest (16.28 Mg ha') and a hundred grain weight
(35.6 g).

According to Aférri et al. (2008), there is
no correlation between plant height, ear height and
a hundred grain weight versus plant density, but
there is for stem diameter; however that was not
observed in this study, as increased the Urochloa
plant density. Resende et al. (2003) affirm that such
responses vary according to the climatic conditions
and, therefore, there is no standard to be followed;
moreover, there are also different responses for
each cultivar.

The LAI was not affected by the Urochloa

plant densities at the higher maize plant density,

TABLE 1. Alterations in traits of late season maize in function of its plant density in reduced row spacing,

with crop mean values alone and intercropped with different plant densities of Urochloa brizantha ‘Marandu’

in Dourados, MS, Brazil, 2012.!

Maize plant Leaf area index? Crop growth Rain filling rate Grain yield Dry mat‘_[er at
density rate flowering
plants m? kg ha'! dia! -------—- e kg ha! ------------
5.7 7.17 A 156.73 A 78.83 A 6.228 A 14.121
52 631B 123.73 B 71.56 B 5.653 B 11.360
Mean value 6.74 140.23 75.20 5.940 12.741
CV (%) 9.24 10.63 9.49 9.47 11.40

'Mean values followed by same letters in the column do not differ among themselves by the SNK test at 5% probability.

?Leaf area index = cm? of leaf/cm? of soil.
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FIGURE 1. Rainfall, monthly maximum and minimum temperature in Dourados, MS, Brazil, mean over 33
years (1979 to 2012). Source: Embrapa Agropecuaria Oeste. (2013).
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FIGURE 2. Maize leaf area index (LAI) at two plant densities (5.2 and 5.7 plants m?) in intercropping
with five plant densities of Urochloa brizantha ‘Marandu’ (0, 5, 10, 20 and 40 plants m) in Dourados, MS,
Brazil, 2012.
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having shown a mean value of 6.31 cm? of leaf/cm?
of soil. At the lowest maize plant density, an effect
of the Urochloa plant densities was observed,
with the curve being fitted to a quadratic equation,
with greater value in the growing of maize alone,
showing a light reduction and then with an increase
in values, as increased the Urochloa plant density.
Lower plant densities of Urochloa presented more
tillering, and this may compete with maize leading
to reduce maize LAI. As forage with less developed
per plant (in its higher density) can stimulate the
maize LAI (Figure 2 and 7).

The lack of difference in the lowest maize
plant density may be attributed to less competition
among plants for environmental resources in the
same space at the greater plant density, where
a considerable number of senescent leaves was
observed soon after flowering of the maize in the
intercropped treatments, indicating high demand for
photoassimilates in the grain filling period (Argenta
et al., 2001a). Grain yield is a function of canopy
photosynthesis and transpiration which, for its part,
is dependent on solar radiation interception and on
the quality of incident radiation (Floss, 2011).

The total chlorophyll and chlorophyll
A content have greater reduction from 14 to 28
days after the beginning of flowering, which may
be due to grain filling, and the ear being a strong
photoassimilate drain (Figure 3). The Urochloa
plant density expressed a quadratic equation to
represent the chlorophyll index in the maize leaves
(Figure 4). Chlorophyll A and total chlorophyll
are extremely important because the chlorophyll
content in the leaf may be used to determine the
nutritional level of nitrogen in the plant since the
quantity of this pigment is correlated in a positive

way with nitrogen content (Rambo et al., 2011).

When grain filling intensifies, there is
displacement of plant reserves to the ear, reducing
the chlorophyll which
stabilizes upon completing grain filling, leading

index in the leaves,
to leaf senescence, with translocation of organic
matter (Loomis et al., 1971; Argenta et al., 2001b).
In relation to plant density of the forage crop, in
the lowest plant densities, a greater decrease of the
total chlorophyll index occurred than a decrease
of chlorophyl A; nevertheless, at the greatest
plant densities, the reduction was lower in both,
indicating that above 20 plants m™, interspecific
competition is reduced (Sereia et al., 2011).

The CGR at lower maize plant density
decreases as a function of the Urochloa plant
densities, stabilizing at a density of 10 plants m=.
This may be due to the compensation capacity of
forage for dry matter production, even in stress
periods, as in the case of high competition (Argenta
et al., 2001a; Sangoi et al., 2002; Argenta et al.,
2003; Afférri et al., 2008). Thus, high maize plant
densities have greater performance in intercropping
due to greater shading and greater competition with
the forage crop (Figure 5).

The GFR of the maize was not affected
by the Urochloa plant densities at its lowest plant
density, having shown a mean value of 71.55 kg day
ha2. At the greatest plant density, the GFR was best
represented by a quadratic equation, with reduction
up to 20 plants m™ and an increase at the greatest
plant density (Figure 5). Interspecific competition
may be reducing the competition with maize, or
stimulating it to greater production; but on the
other hand, at the density of 20 plants m?, there
may have been greater growth of the forage crop at
the beginning and then it causes greater competition
with the maize. The GFR shows the speed at which
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FIGURE 3. Chlorophyll index in the maize leaves (means of two densities) as a function of the time in
Dourados, MS, Brazil, 2012.
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FIGURE 4. Chlorophyll index in maize leaves (means of two densities) as a function of the forage crop
plant density in Dourados, MS, Brazil, 2012.
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FIGURE 5. Crop growth rate (CGR) and Grain filling rate (GFR) (kg day ha?) of maize at two plant
densities (5.2 and 5.7 plants m?) alone and intercropped with different plant densities of Urochloa brizantha
‘Marandu’ in Dourados, MS, Brazil, 2012.
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FIGURE 6. Dry matter yield of maize at flowering and at harvest at two plant densities of maize (plants

m2) with five plant densities of Urochloa brizantha ‘Marandu’ (0, 5, 10, 20 and 40 plants m) in Dourados,
MS, Brazil, 2012.
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FIGURE 7. Tillering per plant of Urochloa brizantha cv. ‘Marandu’ (means of two densities) as a function
of its plant density (0, 5, 10, 20 and 40 plants m) at maize flowering and harvest, intercropped with maize
in Dourados. MS. Brazil. 2012.
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FIGURE 8. Dry matter yield of Urochloa brizantha ‘Marandu’ at maize flowering and harvest, and at

desiccation. Mean value of the two maize plant densities (5.2 and 5.7 plants m*) in Dourados, MS, Brazil,
2012.

Revista Brasileira de Milho e Sorgo, v.12, n.3, p. 227-239, 2013
Versdo impressa ISSN 1676-689X / Versao on line ISSN 1980-6477 - http://www.abms.org.br



http://dx.doi.org/10.18512/1980-6477/rbms.v12n3p227-239
236

Luiz Neto Neto et al.

the plants accumulate plant matter in the grains, and
the participation of each plant leads to a greater rate
at the greater plant density (Figure 5). According to
Argenta et al. (2003), the environment affects grain
accumulation, whereas good crop management may
collaborate so that plants show genetic potential.

The dry matter yield of maize at flowering
was higher at greater plant density (Table 1), and
was affected by the Urochloa plant densities (Figure
5). Nevertheless, during grain filling, there was
compensation in plant matter yield at the lower plant
density, whereas at the greater plant density there was
maintenance of the accumulated matter, maintaining
the effect of the Urochloa plant densities only in the
greater plant density.

The yield of maize dry matter was higher at
flowering in the greater plant density (Table 1), and
both densities were influenced by Urochloa plant
densities. However, during the grain filling, there
was higher accumulation of mass in leaf and stem,
no effect of Urochloa plant densities. Maize bulk
density accumulated in leaf and stem dry matter
was little, and higher in grains, resulting in a higher
productivity while maintaining Urochloa plant
densities effect (Figure 6). According to Vargas
et al. (2011), maize plants sensitivity is related to
competition with any other plant in the same living
space, which explains the reduction in dry matter
accumulation in intercropped treatments.

Tillering represents the quantity of tillers in
relation to the number of plants and indicates the
ability of the plant to put forth tillers. There was not
observed any difference among the maize densities
at flowering and at harvest (Figure 7). This may be
due to the fact of maize having more rapid initial
growth than the forage crop (Sereia et al., 2012).

Between maize flowering and harvest there are no

differences once there is low light. Therefore, when
there is maize harvest and there is a light in, the
greater Urochloa plant densities provide greater
capacity for plant mass yield for establishment of
pasture, and integrate with livestock raising through
having a greater quantity of plants in relation to the
spaces, as reported by Portes et al. (2000).

Tillering of forage grasses is regulated by
light incidence and temperature, which regulate the
ratio of the auxin of the above ground part and the
cytokinin of the roots. However, when there is not a
greater light in, there is competition for space and, in
this case, lower plant densities may exhibit greater
tillering (Lamaire & Chapman, 1996). The greater
the quantity of light and temperature the plants
receive, the greater the tillering. Consequently there
is lower plant development reasoned to low light in,
as already said Vieira (1985) in the case of maize
and beans intercropping.

The increase in the maize plant density did
not affect the quantity of plant matter produced by
U. brizantha cv. ‘Marandu’ (Figure 8), butaccording
to Lamaire & Chapman (1996), shading reduces dry
matter through less tillering. This growth may have
been made uniform by the period of greater light
in after senescence of the leaves, allowing greater
growth of the forage crop, even at lower plant
densities. In the evaluation made in September
2012, greater plant matter yield was observed at the
greater plant density of Urochloa (Figure 8), even
though it was a period of low water availability.
Upon maize harvest, there was light stimulation
for putting forth new tillers and an increase in dry
matter (Sereia et al., 2012) since forage growth is
more affected by environmental conditions, such
as water availability and temperature, than thermal
time (Sbrissia, 2004).
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Conclusions

The increase in the maize plant density
increases the leaf area index and the yield of
late season maize, but does not affect the maize
chlorophyll index and dry matter yield of U.
brizantha cv. ‘Marandu’.

The plant densities of intercropped U.
brizantha cv. ‘Marandu’ do not significantly reduce
maize yield, with the lowest plant densities being
recommended for straw production.

Plant densities of 20 plants m? or more of
U. brizantha cv. ‘Marandu’ lead to a satisfactory
density of stems and increase dry matter
accumulation of the forage crop. Thus, they may be
recommended for pasture formation for integration

with livestock raising.
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