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Abstract

This work was carried out during the 2008/2009 crop season, in an Oxisol. It was used a split-plot arrangement design, with
each plot corresponding to a different soil preparation system and each split-plot corresponding to a different sowing time
of the forage Brachiaria brizantha Stapf. The soil preparation systems were: heavy harrowing (HH), disk plough (DP), chisel
plough (CP) and no-till (NT), and the forage sowing times were: 0, 8, 16 and 25 days after sowing (DAS) of corn, arranged in
16 treatments with 3 replicates. The productive and vegetative characteristics of the corn were evaluated. Soil preparations
have influenced plant height and the first ear height, with the highest value found for the heavy harrow treatment. Forage
sowing time had no influence on vegetative characteristics of the corn and productive characteristics were not influenced by
the soil preparations. The forage sowing time had influence on corn productivity, causing decrease in competition with corn
forage from 5 DAS. The productivity was highly correlated with the number of grains per ear.

Key words: Zea mays L., Brachiaria brizantha Stapf. cv Piata, intercropping, ploughing.

Preparos de solo e épocas de semeadura de forragem para integracao lavoura-
pecuaria na cultura do milho

Resumo

Este trabalho foi desenvolvido, na safra 2008/2009, em Latossolo Vermelho-Amarelo, distréfico. Foi utilizado delineamento
em parcelas subdivididas, em que cada parcela correspondeu a diferentes sistemas de preparo do solo e as subparcelas
corresponderam a diferentes épocas de semeadura da forrageira Brachiaria brizantha Stapf. Os sistemas de preparo do solo
foram os seguintes: grade aradora (GA), arado de discos (AD), cultivo minimo (CM) e semeadura direta (SD); as épocas de
semeadura da forrageira foram feitas a 0, 8, 16 e 25 dias apds a semeadura do milho (DAS), totalizando 16 tratamentos, com
trés repeticdes. Avaliaram-se as caracteristicas vegetativas e produtivas da cultura do milho. Os preparos de solo influencia-
ram a altura de plantas e de insercdo da primeira espiga, sendo os maiores valores observados no tratamento com grade
aradora; a época de semeadura da forrageira ndo teve influéncia sobre as caracteristicas vegetativas; os diferentes preparos
do solo ndo influenciaram as caracteristicas produtivas. A época de semeadura da forrageira teve influéncia somente sobre
a produtividade do milho, provocando diminuicao da competicdo entre a forrageira e o milho a partir de cinco DAS. A produ-
tividade foi altamente correlacionada com o nimero de graos por espiga.

Palavras-chave: Zea mays L., Brachiaria brizantha Stapf. cv. Piatd, consoércio, aragao.

1. INTRODUCTION

In northern Mato Grosso State, there has been a defor-
estation process causing by the agriculture and livestock
use of the land in the last 30 years, with areas largely
degraded or in some stage of degradation (CARVALHO
etal,, 2011). The inadequate management and the lack
of nutrients reposition are important factors that have

accelerated the degradation process (Macepo, 2009).
This situation is worsened by lack of infrastructure, soil
and technical limitations and the need of financial in-
vestment to increase zootechnical levels and profitabil-
ity (BrocH et al., 2008).

In agricultural areas, monoculture and inadequate
cultural practices, such as the soil preparation with suc-
cessive harrowing, have caused productivity decrease
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and degradation of soil and natural resources (Macepo,
2009). In those cases, crop-livestock integration system
become an option to pasture and agricultural areas reform,
aiming to rationally maximize land use, infrastructure, la-
bor and diversity, increasing the production, minimizing
costs, decreasing risks and adding values to agricultural
products through the resources and benefits that one ac-
tivity provides to another (ZANINE et al., 2000).

Every tillage alters the physical properties of the soil,
but such alterations are more evident in conventional sys-
tems compared to conservationist systems of soil prepa-
ration, and these has influence on plants development
(BerTOL et al., 2004) and nutrients availability in the soil.
Therefore, the planted area with no-till system in Brazil
has increased in the last few years, taken as the most sus-
tainable system related to soil conservation and nutrients
cycling by crop cultures (Pavinaro et al., 2009).

The use of intercropping annual cultures with forage
has also been a good sustainable alternative (ZANINE et al.,
2006), and among the annual cultures, corn has been
highlighted in this system, presenting advantage in com-
petition with other plants, such as Brachiaria spp. as veri-
fied by Sirva et al. (2004), evaluating development rates
in the early periods of plant development.

The choosing of a forage sowing time must aim to
minimize the competition with the corn and also en-
able, after the corn crop, efficient forage recuperation
(PEQUENO et al. 2006; CHIODEROLI et al., 2010). The
height of plants has direct influence in grains loss and
cleanness in mechanized harvesting, and in other fac-
tors linked to it, especially in the first ear insertion, since
higher plants have higher ear insertion, presenting harvest
advantages (Possamar et al., 2001).

In this context of crop-livestock integration and in-
tercropping systems, many questions are raised, such as
the best soil preparation system and the correct forage
sowing time, which this work aimed to verify.

2. MATERIAL AND METHODS

This work was carried out during the 2008/2009 crop sea-
son (09°51°42”S, 56204°07”W, and altitude of 282 m), in a
tropical wet climate, with a pronounced dry season, type Awi
(KoppEN, 1948), and monthly average temperature ranging
from 23.8 t0 26.1 °C (Santos, 2000). Local annual precipi-
tation average is 2,750 mm (CARvVALHO et al., 2011), which
can exceed 2,800 mm (Siva et al., 2011). The soil was clas-
sified as Oxisol by the USDA/NRCS (Soir..., 2010).

It was used a split-plot arrangement design, with each
plot with a different soil preparation system and each split-
plot with a different sowing time of the forage, arranged in
16 treatments with 3 replicates. The plots had a dimension
of 4.5 m (6 lines) wide and 5.0 m long, using for evalua-
tions the two central lines, from 0.5 m of the borders.

'The four soil preparation were: heavy harrow (HH) —
two harrowing with a 16 disks harrow (8 smooth and 8
notched) of motor traction, depth of 10-15 c¢m, and two
harrowing with a 28 disks harrow; disk plough (DP) — one
ploughing with a 3 reversible disks plough of motor trac-
tion, depth of 2025 cm, and two harrowing with a 28
disks harrow; chisel plough (CP) — one ploughing with a
5 tine subsoiler chisel plough of motor traction, depth of
20-25 cm, and one harrowing with a 28 disks harrow; and
no-till (NT) — direct sowing with no soil preparation.

In December 11, 2008, the corn and first forage sowing
and first fertilizing was done with a manual furrower. The
forage used was Brachiaria brizantha Stapf. cv BRS Piata,
which was sowed at 0, 8, 16 and 25 days after the sowing
of corn (DAS) in the line and between the lines of corn.
The corn seed chosen was the triple hybrid 2B688 (Dow
Agrosciences) characterized by plants with 2.10 m high, and
sowed with 0.75 m between lines with 5 plants per meter.

Fertilization was done according to soil analyses and
recommendations of RiBEIRO et al. (1999). It was applied
400 kg ha! of a formulation of NPK (40:30:10) at corn
sowing and the same amount of the formulation plus
120 kg ha'! of nitrogen (urea), when the corn plants were
with five developed leaves.

For weed control before sowing it was used the her-
bicide glyphosate (480 g ha') in the no-till and chis-
el plough plots. The insect control was necessary for
Spodoptera frugiperda, which was done with the insecti-
cide diflubenzurom (100 g ha™).

In flowering stage it was verified the corn plants
height from soil surface up to flag leaf insertion. After
physiological maturation (130 DAS) it was verified the
first ear insertion height from soil surface, ear diameter,
length and weight without straw, number of grains per ear
(average from 10 ears per treatment, collected randomly),
grain yield (extrapolated from weight of the ears in the
evaluated area, converted to kg ha'at 13% of humidity),
and the weight of 100 grains (average from 4 sample of
100 grains weight per treatment corrected for 13% hu-
midity). For these quantifications and evaluations there
were used a caliper rule, measuring tape, scales and an
incubator.

The data were subjected to variance analysis and aver-
age comparison by the Tukey test at 5% of probability,
and for the polynomial regression study of quantitative
factors it was used the Sisvar software (FERREIRA, 2000).

3. RESULTS AND DISCUSSION

Regarding the corn vegetative characteristics evaluated,
it was verified that the time of sowing of forage influ-
enced only the length of ears (Table 1), and there were
no interaction between the factors soil preparation and
forage sowing time for those characteristics. However, soil
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preparation had influence on plant height and first ear
insertion height.

The highest value of plant height was found in the
treatment with heavy harrow, not differing from the treat-
ments with disk plough and chisel plough. The highest
values for first ear insertion were also found in the treat-
ment with heavy harrow, not differing from the chisel
plough and no-till systems (Table 1).

These results partly differ from those found by
Possamar et al. (2001), who studying winter corn crop,
observing in no-till system the highest values of plant
height and first ear insertion height, and plants develop-
ing earlier than other treatments, attributing this to the
better temperature, humidity and luminosity.

In the present study the results can be explained by
the low quality and quantity of the mulching, the short
time of no-till system implementation in the used area,
and the higher compaction of soil, disfavoring plants in
no-till system in these conditions. Custopio et al. (2003)
report that the deeper soil preparation provides some ben-
efits such as strength reduction of growth of roots, the
depth increase of roots, the reducing of the oxygen stress
in case of excess water, the increase production of corn
and soybeans and the reducing of water stress effect.

Soil compaction is one of the great obstacles to yield
increase, and the soil penetration resistance is greater in
no-till system (RaviscH et al., 2008). ALBUQUERQUE et al.
(2001) studying soil physical modifications with con-
ventional soil preparation and no-till systems, observed

Table 1. Corn vegetative characteristics' according to soil
preparation system and Brachiaria brizantha Stapf. sowing time in
intercropping system for crop-livestock integration

PH FEIH EL ED

(ecm) (em) (cm) (cm)
Soil Preparation
Heavy Harrow 1.99a® 1.01a 1485 5.18
Disk Plough 191ab 085b 14.07 498
Chisel Plough 191ab 090ab 14.65 5.16
No-Till 1.85b 0.94ab 1374 5.07
Value of F 9.16* 3.14* 210ns 1.51ns
DMS (Tukey 5%) 0.09 0.13 117 0.21

Sowing Time

0 DAS 1.91 0.91 14.06 5.07
8 DAS 1.93 0.97 13.73 5.01
16 DAS 1.93 0.90 14.69 516
25 DAS 1.91 0.92 14.83 5.14
Value of F 0.19ns 0.76ns 3.01* 1.43 ns
Linear regression 001 ns 006ns 6.01*"* 2.14ns
Quadratic regression 058ns 048ns 0.61ns 0.10ns
Interaction (Value of F) 204ns 0.78ns 0.72ns 0.85ns
Variation Coefficient (%) 4.34 13.71 7.24 3.98

PH: plant height; FEIH: first ear insertion height; EL: ear length; ED: ear diameter. DAS:
days after corn sowing. (') Values followed by the same letter have no difference from each
other at 5% of probability by Tukey test; ns: non significant by F test;* significant at 5%
of probability by F test.

negative effect of no-till system on corn yield and correla-
tion between growth and compaction.

Spike length was increased with the delay in for-
age sowing time, and this behavior fit the linear model
y=13.51 + 0.328x, r*=0.693 (Figure 1).

It was verified that the soil preparation had no influ-
ence in any of the corn productive characteristics evaluat-
ed (Table 2). Also, there were no interaction between the
factors soil preparation and forage sowing time for those
characteristics. However, the corn yield was influenced by
the forage sowing time.

There is great variation in the literature regarding the
productive characteristics of corn on different soil tillage.
These variations of results are related to the features pres-
ent in each study area, such as time of use of no-tillage
system, soil physical characteristics, presence and amount
of mulch, water deficit along the culture, among others.

The soil preparation results agree with those found
by BerroLInI et al. (2006), who have observed no dif-
ference in productivity among no-till and chisel plough,
actributing this to the fact that the no-till system had
been used for only three years in their area. However,
SiLveIra and STONE (2003), evaluating three systems of
soil preparations (moldboard plough, heavy harrow and
no-till), observed that the systems had no effect on soy-
bean yield, but it had influenced corn and swath cultures,
with greater yield in the moldboards plough treatments.
Possamat et al. (2001) found highest values in no-till sys-
tem, attributing this to the good mulching, which pro-
vided lower water loss and soil temperature fluctuation,
enabling better development of plants despite the no-till
system had been implemented only two years before.

Considering other factors such as the occurrence
of unexpected warm dry days periods, CarvaLHO et al.
(2004) verified that the conventional system provided
higher productivity of corn compared to no-till system,
attributing this fact to the improvement that the soil till-
age provide to the root system and development of corn,
once the lower soil density allow a better plants resistance
to drought periods, which usually occur after flowering.

150

y=0.0328x+13.51 S
1=0.693*

0 5 10 15 20 25
Forage sowing time (days after sowing of corn)
Figure 1. Corn ear length (mm) as a function of forage sowing time
(days after sowing of corn). * significant at 5% of probability by F test
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It was verified no influence of the forage sowing time
on the ear weight, number of grains per spike and weight
of 100 grain, however, it was observed an increasing ten-
dency for these characteristics with the delay in forage
sowing time. There was also no influence of forage sowing
time on the number of grains per ear, however, it was ob-
served a high positive correlation between the number of
grains per ear and yield, with r=0.9307 (p<0,01), indicat-
ing a possible dependence between these characteristics.

In figure 2 it is presented the behavior of yield as a
function of forage sowing time, that presented a qua-
dratic model y=7878.4—43.725x+4.3809x* (r’=0.9134).
Analyzing the behavior of the trend line between pro-
ductivity and forage sowing time (Figure 2), it appears
that the minimum point of the curve was at 5 DAS,
where productivity would be 8,205 kg ha, indicating
that for the conditions of this study, first five days were
those where competition between the forage and corn
were the most intense and the situation tends to be re-
duced after this period.

The greatest yields observed in the treatments after
5 DAS can be explained by the lower level of competi-
tion with the forage, not having its initial development
influenced by the shading, once the main crop was al-
ready established in the area. Moreover, the treatment
with corn and forage planted simultaneously had the
lowest productivity, possibly because the high competi-
tion for light, water and nutrients.

Sitva et al. (2004) observed that the forage has a
slower initial growth rate and is unfavorable influenced
by the competition with corn, which has advantage in
competition with smaller plants due to its higher rates
of biomass production in the initial development phase,

hence its higher capacity for interception of photosyn-
thetical radiation along its canopy and causing shading
on forage species.

The results found for sowing time were similar to
those found by RicHART et al. (2010), studying sowing
time for Brachiaria ruziziensis intercropping with win-
ter corn (0, 15 e 30 DAS), verifying influence in weight
of 1,000 grains and competitive advantage at 15 and 30
DAS. However, different results were found by PEQuENO
et al. (20006) in a study conducted in Gurupi, Tocantins
State. They verified that the forage sowing at sowing of
corn or at 16, 32 or 48 DAS of corn had no effect on corn
grain or green matter production.

An option to minimize the problem of corn produc-
tivity with simultaneous sowing is showed by Macepo
(2009), who suggested after the corn sowing with
Brachiaria spp., in the early growth stages of Brachiaria,
an application of an herbicide selective for corn, in sub

10000
9500

_ y=4.3809x:-43.725x+7878.4

T 2000 2=0.9134*

0 5 10 15 20 25
Forage sowing time (days after sowing of corn)
Figure 2. Corn yield (kg ha') as a function of forage sowing time
(days after sowing of corn). * significant at 5% of probability by F test

Table 2. Corn productive characteristics according to soil preparation system and Brachiaria brizantha Stapf. sowing time in intercropping

system for crop-livestock integration

EW NG P100 GY
(@) (unid.) ) (kg ha")
Soil Preparation
Heavy Harrow 167.91 534.76 27.61 8.882
Disk Plough 148.75 493.39 26.30 8.042
Chisel Plough 158.16 511.94 26.76 8284
No-Till 177.66 504.39 26.01 8.305
Value of F 0.80 ns 1.08 ns 2.16 ns 1.27 ns
DMS (Tukey 5%) 53.47 64.91 1.83 1.214
Sowing Time
0 DAS 153.00 504.44 26.31 7.979
8 DAS 168.16 474.88 26.71 7.516
16 DAS 164.58 528.67 26.76 8.578
25 DAS 166.75 536.49 26.90 9.440
Value of F 0.25ns 2.74 ns 0.28 ns 6.92**
Linear regression 0.36 ns 3.97 ns 0.72 ns 14.88*
Quadratic regression 0.22 ns 1.23 ns 0.08 ns 4.40*
Interaction (Value of F) 0.58 ns 0.78 ns 1.57 ns 0.86 ns
Variation Coefficient (%) 29.52 11.44 6.19 13.05

EW: ear weight; NG: number of grains per ear; P100: weight of 100 grains; GY: Grain Yield; DAS: days after corn sowing.
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dose for partial suppression of Brachiaria, in order to
decrease its growth favoring the corn culture, improving
grain production. However, despite the Brachiaria mass
reduction, afterwards it must be able to reestablish, cover
adequately the soil, and after the corn harvesting it must
has its growing normalized.

BrocH et al. (2008) also observed that the herbicide
application decrease forage growth avoiding significant
losses on corn crop due competition. They also present an
option of forage sowing together the corn sowing at 8 to
10 cm depth, considering that there will not be a compe-
tition with the forage due the sowing depth.

4. CONCLUSION

Regarding the vegetative characteristics evaluated, the
soil preparation systems have influenced the plant height
and first ear height, with best results for the heavy harrow
treatment. The forage sowing time had influence only on
the length of ear, with an increasing linear tendency. The
corn productive characteristics evaluated were not influ-
enced by the preparation of the soils. The forage sowing
time had influence only on corn yield, with the forage
sowing from 5 DAS causing yield decrease due to the
competition with the corn. The productivity was highly
correlated with the number of grains per ear.
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