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ABTRACT: The grain sorghum intercropped with Brachiaria
provides the production of grains and dry mass in the off-season;
however, there is a lack of information related to the implantation
of these species. The objective of this study was to identify the best
association of sorghum and Brachiaria in the production of grain
and dry matter in the Brazilian Cerrado region. The experiment
was conducted in Rio Verde, State of Goids, in the experimental
design of randomized blocks, in a 2x3x4+5 factorial scheme, with
four replications. Two sorghum hybrids (BRS 330 and DKB 551)
associated to three Brachiaria species (Brachiaria brizantha cultivar
Marandu, Brachiaria decumbens and Brachiaria ruziziensis) were
evaluated in four systems of Brachiaria implantation (row, interrow,
row + interrow of sorghum and spread). Additional treatments
referred to the two sorghum monocrops and the three Brachiaria
species. The sorghum and Brachiaria consortium resulted in a
reduction in grain yield, but the Brachiaria implantation systems in
the row, interrow and spread were the most promising. The sorghum
hybrid DKB 551 was the most sensitive to the competition with
Brachiaria, although there were no grain yield differences in the
intercropping. The Brachiaria intercropped in the interrow and
in the row + interrow, mainly with B. ruziziensis, were the most
promising for the production of dry mass and total crude protein.
The cultivation of Brachiaria intercropped with sorghum provided
a greater contribution of dry mass in the off-season, an important
fact for the no-tillage system in the agricultural production systems
of the Brazilian Cerrado.
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RESUMO: O consércio de sorgo granifero com braquidria
proporciona a produgdo de grios e massa seca na entressafra;
contudo, h4 caréncia de informagées relacionadas & implantagao
dessas espécies. Sendo assim, este trabalho teve por objetivo
identificar a melhor associacdo de sorgo granifero e braquidria na
segunda safra para producio de graos e massa seca na regiio do
Cerrado. O experimento foi conduzido em Rio Verde, Goids, no
delineamento experimental de blocos randomizados, em esquema
fatorial 2x3x4+5, com quatro repeti¢des. Foram avaliados dois
hibridos de sorgo granifero (BRS 330 ¢ DKB 551) associados a
trés espécies de Brachiaria (Brachiaria brizantha cultivar Marandu,
Brachiaria decumbens e Brachiaria ruziziensis) em quatro sistemas
de implantagao da braquidria (linha, entrelinha, linha + entrelinha
do sorgo e a lanco). Os tratamentos adicionais referiam-se aos dois
monocultivos de sorgo e as trés espécies de braquidria. O consércio
de sorgo com braquidria ocasionou redugio no rendimento de
grios, porém os sistemas de implantacdo da braquidria na linha,
entrelinha e a lango foram os mais promissores. O hibrido de sorgo
DKB 551 foi o mais sensivel & competi¢io com a braquidria, sem,
contudo, haver diferencas de rendimento de graos em consércio.
Os consércios das braquidrias na entrelinha e na linha + entrelinha,
principalmente com a B. ruziziensis, foram os mais promissores
para producio de massa seca e proteina bruta total. O cultivo de
braquidria com o sorgo proporcionou maior aporte de massa seca
na entressafra, fato importante para o sistema de plantio direto nos
sistemas de producio agricola dos Cerrados.

PALAVRAS-CHAVE: Brachiaria spp.; massa seca; rendimento

de graos; Sorghum bicolor.
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INTRODUCTION

With the growing need to increase the production of raw
materials for animal feed in agro-industries, the cultivation
of sorghum represents an excellent option in succession to
soybeans, since the crop has the greater tolerance to drought
(low and erratic rainfall), typical in the Brazilian Cerrado, as
its main advantage in relation to corn (SILVA et al., 2015).

The use of intercropping annual crops with forage species
has become an advantageous alternative for the sustain-
ability of tropical agricultural systems (BORGHI et al.,
2013). This increase is a result of the diversity of crops in the
production system, essential for no-till. The straw from the
diversification of species in the system should preferably contain
a high C/N ratio and, consequently, a lower decomposition
rate. This is fundamental, mainly in the Cerrado, since the
region is characterized by presenting climatic conditions in
the spring-summer that cause a rapid decomposition of the
straw present on the soil surface ANDREOTTT et al., 2008).

"The advantage of the simultaneous cultivation of Brachiaria
species with a crop of economic value, such as sorghum,
lies in the fact that these species have good adaptability,
tolerance and resistance to biotic factors and present high
dry matter production with high nutritional value, capable of
meeting the demand of animals, especially in the dry season
of the year (FLAVIO NETO et al., 2015). Therefore, the
intercrop of grasses with Brachiaria appears as an option
for the recovery of pastures, especially in regions with water
restrictions, thus reducing expenses with restoration of the
area. Moreover, the system provides increases in soybean grain
yield when grown in succession to crops in the intercropping
system (OLIVEIRA et al., 2017). Additionally, the use of
intercropping has several advantages related to the reduction
of weed infestation with the possibility of reducing the use of
herbicides in the successor crop (OLIVEIRA JUNIOR et al.,
2014), less erosion and greater soil cover, in addition to increase
water use efficiency.

Despite this, there are reports in the literature on decreased
yield of sorghum crop due to competition for resources from
the environment with the intercropped species (SILVA et al.,
2014; HORVATHY NETO et al., 2014; RIBEIRO et al.,
2015). In this sense, there is a need to optimize the conditions
of the environment in order to achieve higher productivity in
this system, in addition to the benefits for sustainability and for
the successor crop (IQBAL et al., 2019). Added to this, there
is little research on the cultivation of sorghum intercropped
with Brachiaria, which justify the need to improve techniques
for implantation of Brachiaria to identify those that provide
less competition between plants in the off-season. Thus, there
would be greater use and benefits of these systems as alternatives
for the formation of straw in the Cerrados.

In this sense, the hypothesis established in this study is
that the different forms of implantation of Brachiaria species,

as well as sorghum hybrids respond differently in terms of
grain and dry matter production. Thus, the objective of this
study was to evaluate the combination of grain sorghum with
Brachiaria species in different intercropping systems for the
production of grains and dry matter in the off-season.

MATERIAL AND METHODS

The experiment was conducted in the field, in the municipality
of Rio Verde, state of Goids, (17°47°24.5”S; 50°57°41.7"W;
and 769 m altitude) on soil classified as dystrophic red Latosol
according to the Brazilian classification (EMBRAPA, 2018),
grown in no-till system in the off-season of 2012. The results of
the soil chemical and physical properties in the 0.0-0.2 m layer
were: pH in CaCl: 5.0; Ca: 1.01; Mg: 0.77; K: 0.42; Al: 0.06;
H+Al: 4.0; cation exchange capacity: 6.2; and sum of bases:
2.08, in cmol -dm™; P: 2.08 mg-dm™; base saturation: 35.01;
Al saturation: 2.72%; organic matter: 37.09 g-dm’; clay:
560 g-kg’; silt: 110 g-kg” and sand: 330 g-kg'. Data on
temperature and rainfall during the experimental period are
in Fig. 1.

The experiment was a 2x3x4+5 factorial randomized block
design, with four repetitions. Two hybrids of grain sorghum,
with differences in yield potential, were recommended for
cultivation in the Central-West region: BRS 330 (early cycle,
red colored grains without tannin, medium production
potential) and DKB 551 (early cycle, cream colored grains
without tannin, high production potential) combined with
three species of Brachiaria (Brachiaria brizantha cultivar
Marandu, Brachiaria decumbens and Brachiaria ruziziensis)
in four Brachiaria planting systems (intercrop in the sorghum
sowing row, in the interrow, in the row and interrow, and
broadcast sowing). The additional treatments were related to
monocrops of the two sorghum hybrids and the three species
of Brachiaria. Plots consisted of four rows of 5.0 m, spaced
0.5 m apart, the two central rows considered as useful area,
disregarding 0.5 m from each end (4.0 m?).

One week before the onset of the experiment, after the
soybean harvest, weeds were desiccated, 720 g a.e.-ha™! glyphosate
with a flow volume of 150 -ha™'. Brachiaria was planted on the
same day as sorghum, both in intercrop and monocrop, taking
into account the number of viable pure seeds, considering
germination of 40, 52 and 66%, for B. decumbens, B. brizantha
and B. ruziziensis, respectively.

The day before sowing, furrowing was performed, and
fertilizer was applied in the sorghum sowing row, the equivalent
to 300 kg-ha' NPK: 02-20-18. For the sowing of Brachiaria
in the interrow, the furrows were opened manually. Both crops
were sown manually at 2 cm depth on March 8. In the broadcast
sowing system, Brachiaria seeds were scattered in the plots
before closing the sorghum sowing furrows.

Arq. Inst. Biol,, v.87, 1-11, 0482019, 2020



Seed systems of Brachiaria species in intercropping with grain sorghum in the off-season

450 - - 40
Precipitation Temperature
400 - | 35
350
- 30
E 3004 Sowing/Treatments [9)
E implatation 25 &
S 250 g
- -
E -20 ©
5 200+ o s
o Sorghum harvest Brachiaria cut L5 §
& 1504 K7
100 10
50 - >
O T T T T T T T T T T o

Jan Feb Mar Apr May Jun

Jul Aug Sep Oct Nov Dec

Figure 1. Values of average air temperature and precipitation from January to December 2012, Rio Verde-GO. Source: Climatological

Station of the Universidade de Rio Verde.

At 25 days after emergence (DAE) of sorghum seedlings,
100 kg N-ha™! was applied, as urea source. On this date, sorghum
was thinned to population equivalent to 180,000 plants-ha™'.

For weed control in postemergence, a manual weeding was
performed at 25 DAE. For pest management, the mechanized
application of the methomyl insecticide (0.6 I-ha’ in a flow
volume of 150 l-ha!) was carried out.

At 115 DAE, sorghum was harvested from the useful
area of the plots, and evaluated for grain yield (panicles were
harvested, and threshed, grains were weighed, with moisture
corrected to 13%, converting the data to kg-ha'); thousand
grain weight (weighing a thousand grains with moisture
corrected to 13%); plant height (measurement from the base
to the end of the panicle in five plants chosen at random);
tillering index (counting the number of tillers in five plants
chosen at random) and plant population.

Brachiaria remained in the field until 90 days after the
sorghum harvest, being evaluated, at that time, plant height
(measurement from the base to the end of the last fully expanded
leaf in five plants chosen at random) and the tillering index
(counting the number of tillers in five plants).

Upon Brachiaria harvest, the total dry matter yield was
also evaluated, collecting at two points of the plot, using an
iron square with 0.5 x 0.5 m (0.25 m?). Subsequently, samples
were taken to a forced air oven at 65 °C to constant weight,
the dry matter was determined and transformed to kg-ha™.
In the same sample, nitrogen and crude protein contents
were determined, according to the methodology described
by MALAVOLTA et al. (1997). Organic carbon was also
evaluated by burning the samples in a muflle furnace at 550 °C
(EMBRAPA, 2017). From this, the C/N ratio of each species

was determined.

The percentage of vegetation cover on the soil surface
was evaluated upon sorghum harvest. This assessment was
carried out in two places in the useful area of the plots using
2 0.5 x 0.5 m (0.25 m?) iron square containing a line marked
with ten equidistant points. The quantification of vegetation
cover was performed when these points coincided with the
presence of vegetation cover.

Data were tested by analysis of variance and when
significant, the Tukey’s test at 5% probability was applied to
compare the means within the intercropping and the monocrop.
To compare the mean values obtained between these planting
systems, the Dunnett’s test at 5% probability was used.

RESULTS AND DISCUSSION

Sorghum crop

The results of the analysis of variance for sorghum grain yield
indicate significance for the sources of variation planting system,
Brachiaria, intercropping x monocrop, and monocrop (Table 1).

The Brachiaria planting systems in the row, interrow
and broadcast sowing provided the highest sorghum grain
yield, being superior to the row + interrow system (Table 2).
These results suggest that the row + interrow system resulted in
better distribution of Brachiaria plants in the area. This caused
the Brachiaria plants to occupy the cultivation area more
rapidly than in the other systems, favoring greater competition
with sorghum plants and lower grain yield, as also reported

by BORGHI; CRUSCIOL (2007).
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Table 1. Results of the analysis of variance of the variables yield (Y), thousand grain mass (M1000G), sorghum height (SH) , plant
population (POP) and C/N ratio (C/N) of the sorghum crop, height of plants (BH), tillering index (TI) and C/N ratio (C/N) of Brachiaria,
dry mass yield (DMY), total crude protein (TCP) and soil cover (CS) of sorghum + Brachiaria in different implantation systems in the
grain sorghum intercropped with B. brizantha (Bb), B. decumbens (Bd) and B. ruziziensis (Br) in the off-season in Rio Verde/GO, 201 2.

_ Sorghum Brachiaria Sorghum + Brachiaria
Variation sources
DF Y M1000G SH POP C/N DF BH TI C/N DF DMY TCP CS
Blocks 3 3 3
Hybrids 1 ns > ns ns > 1 ns ns ns 1 ns ns ns
Implantation
p I 3 * % * % * * % nS 3 ns * nS 3 * % * % nS
systems
Brachiaria spp. * * ns ns ns * *x *x * *x ns
Hybrids x systems ns ns ns ns ns ns ns ns ns ns ns
Hybrids x
Y . 2 ns ns ns ns ns 2 ns ns ns 2 ns ns ns
Brachiaria spp.
Systems x
¥ o 6 ns ns ns ns ns 6 * ns ns 6 ** *x ns
Brachiaria spp.
Hybrids x Syst.
yor! ¥ 6 ns ns ns ns ns 6 ns ns ns 6 ns ns ns
x Brac.
Int i
n ercropplnq 1 * % * % * % * % ns 1 * % * % * %k ] * % * % * %
X monocrop
Monocrop 1 * * % ns nS * % 2 * % * * % 4 * % * % * %
CV (%) 19.5 8.9 6.3 18.0 184 50 16.7 10.7 9.8 122 8.1

"Not significant; **,*Significant at 1 and 5% probability, by the F-test, respectively.

The Brachiaria planting system in the row was expected to
cause a decrease in sorghum yield when compared to the interrow,
as observed by RIBEIRO et al. (2015). Probably the significant
decrease in rainfall after the implementation of the experiment
(Fig. 1) combined with the faster emergence of sorghum compared
to Brachiaria seedlings, caused the delay in forage establishment
(MAGALHAES et al., 2000). This favored the closing of the
rows and the shading of Brachiaria plants in both systems.

In the intercrop, the highest grain yields were obtained
with the use of B. brizantha and B. decumbens, which resulted
in an increase of approximately 500 kg-ha! compared to the
yield of sorghum intercropped with B. ruziziensis (Table 2).
For presenting stoloniferous growth with high emergence of
tillers and leaves, B. ruziziensis showed higher competition for
space with the sorghum crop, thus causing lower grain yield
(SILVA et al., 2014). It is worth noting that, unlike what is
done in intercropping corn and Brachiaria with application
of underdoses of graminicides, specifically nicosulfuron, for
the suppression of Brachiaria, in the present study, herbicide
was not applied in postemergence, since sorghum also has no
selectivity to graminicides (HENNIGH et al., 2010).

The grain yields of the two sorghum hybrids in the
intercropping system did not differ from each other (Table 1),
being lower than the respective monocrops (Table 2). This can
be ascribed to the competition between the two species in the
intercropping system, as found in other studies (SILVA et al.,
2014; HORVATHY NETO etal., 2014; RIBEIRO et al., 2015).

Even with a reduction in grain yield, the importance of the
intercropping system should be emphasized for the production
of grains and dry matter for soil cover in the off-season, favoring
the diversification of crops on the property, in addition to the
benefits provided for the subsequent crop.

In monocrop, DKB 551 had the best performance
(Table 2), highlighting the excellent productive potential of
both hybrids, above the national average for the cultivation
of sorghum in the Central-West Region (CONAB, 2012).
On the other hand, the absence of differences in grain yield for
sorghum hybrids in the intercropping system proves the higher
sensitivity to competition between DKB 551 and Brachiaria
plants. This meant that there was a reduction in grain yield of
the hybrid in question, consequently resembling that of BRS
330, with lower production potential.

For the mass of thousand-grain, there was significance for
the same sources of variation of the variable previously analyzed,
in addition to the effect of sorghum hybrids (p < 0.01) (Table 1).
Both in the intercropping system and in monocrop, DKB 551
showed the highest value, which may justify the higher yield,
as well as the interrow sowing system (Table 2). In this case,
there was less competition with sorghum, especially at the early
stages of development, thus favoring the higher weight of grains.

Intercropping with B. decumbens, independent of the
sorghum hybrid, provided the highest mass of thousand
grain, in contrast to the values obtained for B. brizantha and
B. ruziziensis (Table 2). It is noteworthy that B. brizantha
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Table 2. Means values of grain yield and mass of thousand grains, height, plant population and C/N ratio of the sorghum culture in
different implantation systems in the grain sorghum intercropped with B. brizantha (Bb), B. decumbens (Bd) and B. ruziziensis (Br) in
the off-season in Rio Verde/GO, 201 2.

Grain yield (kg-ha')

's';‘:t':"::tw" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 2,225’ 2,548 2,100 2,597 2,785" 2,314" 2,428 a
Interrow 2,314 2,863" 1,820° 2,710 2,949° 2,305° 2,493 a
Row + interrow 2,293 2,219" 1,834" 2,258 1,795 1,343° 1,957 b
Broadcast 2,317 2,239° 2,251° 3,113° 2,559’ 1,765 2,374 a
Bb Bd Br
Brachiaria 2,478 A 2,495 A 1,966 B 2,313
BRS 330 DKB 551
Intercropping 2,252 A 2,374 A
Monocrop 4,756 B 5510A 5,133
. Mass of thousand grains (g)
's';‘:t':"::tw" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 14.72 16.36 14.03 17.95 20.93 17.86 1697 b
Interrow 16.74 18.32 14.64 18.45 21.87 18.59 18.10 a
Row+ interrow 11.33" 15.76 10.90° 15.47 20.65 15.17 14.88b
Broadcast 13.03 15.88 14.62 17.93 20.84 17.88 16.63 b
Bb Bd Br
Brachiaria 15.33B 18.83 A 15.46 B
BRS 330 DKB 551
Intercropping 14.448B 18.63 A
Monocrop 17.69B 23.66 A
X Height (m)
's';‘:t'::::m" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 1.09 1.10 1.14 1.10 1.09 1.13 1.11ab
Interrow 1.14 1.13 1.10 1.13 1.09 1.15 1.12a
Row+ interrow 1.12 1.12 1.10 1.15 1.12 1.19 1.12a
Broadcast 1.06" 1.06° 1.07° 1.08’ 1.09 1.02" 1.06 b
BRS 330 DKB 551
Monocrop 1.17A 1.18A
. Plants population (x 10.000 plants-ha')
's';':t':r'::tm" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 16.00° 14.86" 15.36" 14.84" 1437 13.88° 14.88b
Interrow 17.50 16.95 17.14 17.15 16.08° 17.22 17.00 a
Row + interrow 15.69° 14.58" 15.69" 14.30° 13.61° 13.47° 14.55b
Broadcast 15.83" 1473 14.61° 15.37" 16.04" 15.42° 15.33b
BRS 330 DKB 551
Monocrop 17.76 A 1790 A
. C/N ratio
's';':t':r':‘t:m" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 67.31 65.48 66.37 58.73 59.36 55.57
Interrow 64.17 65.64 63.21 57.37 61.77 58.02
Row+ interrow 66.74 64.04 67.63 59.52 59.58 57.49
Broadcast 63.49 67.16 64.23 57.83 61.94 60.45
BRS 330 DKB 551
Intercropping 64.45 A 59.67 B
Monocrop 65.45 A 58.96 B

*Means followed by the same letters, uppercase on the line and lowercase on the column, do not differ by the Tukey test at 5% probability.
*, "sSignificant at 5% probability and not significant, respectively, by the Dunnett’s test in relation to monocrop.
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and B. ruziziensis in the row + interrow system with the
BRS 330 hybrid were the only combinations that caused
a reduction in mass of thousand grain compared to the
sorghum monocrop. Due to the greater competition between
species for environmental resources, mainly water, whose
availability significantly decreases with sorghum development
in the off-season, less translocation of photoassimilates to fill
sorghum grains may have occurred. This fact contributed to
the formation of grains with less weight.

Broadcast sowing Brachiaria resulted in lower height of
sorghum plants compared to the interrow and row + interrow
systems (Table 2). Besides that, broadcast sowing by haul caused a
reduction in the size of sorghum compared to monocrop (except
for the combination of DKB 551 with B. decumbens). Important,
taller plants accumulate more biomass and, consequently, more
nutrients. These are translocated to grains during the filling
phase. Thus, after harvesting, these plants can contribute with
a greater amount of straw on the soil and nutrient cycling.

The final population of sorghum plants was affected by
the sowing systems and by the intercropping x monocrop
interaction (Table 1). The distribution of Brachiaria plants
in the interrow of sorghum caused less competition in the
establishment of the crop, as reported for corn (BORGHI;
CRUSCIOL, 2007) and sorghum (HORVATHY NETO etal.,
2014). Additionally, this Brachiaria sowing system was the only
one that provided similar results to the respective sorghum
monocrops, except for DKB 551 intercropped with B. decumbens
(Table 2). According to CRISPIM; BRANCO (2002), this
species develops well in less fertile soils, such as the one in the
present study. This led to greater competition with DKB 551,
with higher production potential compared to BRS 330, and
consequently more sensitive to competition; Brachiaria was
sown on the same date as the sorghum, which favored the
suppression of the development of sorghum seedlings.

The C/N ratio showed, in general, higher value for the
hybrid BRS 330 compared to DKB 551, both in the intercrop-
ping system and in monocrop (Table 2). In the Cerrado, the
decomposition of straw on the soil surface is greater, due to
the higher average temperature in the off-season, in relation
to regions of temperate climate, this being attributed to the
favorable conditions for decomposition (SILVA et al., 2015).
Therefore, straw production in the Cerrados to maintain the
no-till system becomes a challenge. Sorghum hybrids with a
higher C/N ratio, due to the higher proportion of lignified
material (stems), provide greater persistence of straw on the
soil surface, providing beneficial effects for soil conservation.

Brachiaria crop

Intercropping with sorghum influenced the development (plant
height) of Brachiaria, with significance detected for the system x
Brachiaria interaction and for the intercrop x monocrop interac-
tion (Table 1). All sowing systems, independent of the sorghum

hybrid, promoted the suppression of B. brizantha, the same
being observed for B. decumbens when sown in the row and in
the interrow of sorghum (Table 3). For B. ruziziensis, there were
no significant differences in plant height between intercrop and
monocrop. This can be justified by the prostrate growth habit
of the forage species in question (SILVA et al., 2014).

Due to the morphological differences of the forage species, a
higher height of B. brizantha was found, whose value was similar
to that of B. ruziziensis in the row and interrow intercropping
systems (Table 3). The larger size of B. brizantha, both in
intercrop and monocrop, is justified by the habit of growing
erect or semierect (ALVIM et al., 2002). For this species, the
sowing systems did not influence the size of the plants, whereas
for B. decumbens, the highest value was observed in the broadcast
sowing, and for B. ruziziensis, in the other planting systems.

Another variable affected by the intercropping sow-
ing systems was the Brachiaria tillering index (Table 1).
This characteristic is directly related to dry matter production
(SANTOS et al., 2009). The lowest tillering values registered in
the intercrop (Table 3) is attributed to the effect of shading and
competition of sorghum plants with Brachiaria, regardless of
the planting system and forage species. During the development
of sorghum crop, shading suppresses the emergence of tillers
in axillary buds (TAIZ et al., 2017) as occurred in Brachiaria.

The highest tillering value was found in the row + interrow
intercropping system (Table 3). This is attributed to the better
distribution of plants in the area, which favors the incidence of
radiation on the basal buds, thus inducing tillering. The number
of seeds was the same for all systems and in the broadcast sowing,
only Brachiaria seeds that were in the sorghum sowing furrow
were covered with soil, which did not occur with the others.
Once exposed to radiation, seeds are easier to lose water to
the atmosphere, which negatively affects the establishment of
seedlings. Still, B. ruziziensis had the highest tillering capacity,
both in intercrop and monocrop, similar to that observed in other
studies (HORVATHY NETO etal., 2012; SILVA et al., 2014).

The C/N ratio of Brachiaria was lower in the intercrop-
ping systems, except for sowing in the row + interrow for
B. ruziziensis intercropped with DKB 551 (Table 3), the same
pattern observed by other authors (GIACOMINI et al., 2003;
DONEDA etal., 2012). Despite the decrease in the C/N ratio
in intercropping systems, the benefits related to the addition of
dry matter with the cultivation of Brachiaria in the intercrop
have advantages in soil conservation (FLAVIO NETO et al.,
2015) and weed control (OLIVEIRA JUNIOR et al., 2014).

Sorghum and Brachiaria crops

In the analysis of the dry matter yield of sorghum and Brachiaria,
the interaction of sowing systems and Brachiaria was significant
(p < 0.01) (Table 1). In sowing systems, on average, intercrop
with B. decumbens resulted in the lowest dry matter value
(Table 4). When sowing systems are involved, B. ruziziensis
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Table 3. Means values of plant height and tillering index of the Brachiaria culture in different implantation systems in the intercropping

Seed systems of Brachiaria species in intercropping with grain sorghum in the off-season

of grain sorghum with B. brizantha (Bb), B. decumbens (Bd) and B. ruziziensis (Br) in the off-season Rio Verde/GO, 2012.
Plant height (m)

's';':t'::'::m" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 1.09° 0.59° 1.04 1.06° 0.57" 1.08
Interrow 1.08 0.59° 1.04 1.09° 0.60° 1.06
Row + interrow 1.12° 0.66 1.12 1.09° 0.69 1.05
Broadcast 1.09 0.63 1.03 1.1 0.62 1.04
Bb Bd Br
Brachiaria 1.09 A 0.61C 1.05B
Bb Bd Br
Row 1.07 Aa 0.57 Bb 1.06 Aa
Interrow 1.08 Aa 0.60 Bb 1.05 Aa
Row + interrow 1.10 Aa 0.67 Bb 1.08 Ba
Broadcast 1.09 Aa 1.00 Ba 0.62 Cb
Monoculture 1.33A 0.68C 1.08 B
Tillering index
's';':t':r'::m" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 14.8 17.3° 24.0 15.3" 18.3° 23.8 18.8b
Interrow 145 19.0° 23.3° 15.3" 20.0° 25.3° 19.6 b
Row + interrow 17.1 23.5 25.5" 18.0 24.0 26.5" 224 a
Broadcast 14.3" 18.8° 23.5° 14.8° 19.3° 24.5° 19.2b
Bb Bd Br
Intercropping 155C 20.0B 24.6 A
Monoculture 203C 25.5B 315A
C/N -atio
's';':t':r'::m" BRS 330 DKB 551 Mean
Bb Bd Br Bb Bd Br
Row 35.48° 28.09° 29.82° 33.37 30.02° 26.49°
Interrow 37.04° 31.15° 25.20° 34.56° 2691° 2292
Row + interrow 34.12° 28.72° 29.07° 36.72° 28.04° 35.59
Broadcast 36.45° 30.89° 27.72 35.63° 26.15° 25.98°
Bb Bd Br
Intercropping 3354 A 28.74B 27.84B
Monoculture 45.58 A 36.49B 37.49B

*Means followed by the same letters, uppercase on the line and lowercase on the column, do not differ by the Tukey’s test at 5% probability.
*, "sSignificant at 5% probability and not significant, respectively, by the Dunnett’s test in relation to monocrop.

provided higher dry matter yields, similar to the values obtained population (row + interrow system) may have caused a decrease

with B. brizantha sown in the row and by broadcast. in plant competition, favoring at first the growth of sorghum and
Brachiaria sowed in the interrow and row + interrow provided

higher dry matter values (Table 4). The fact that there are no Brachiaria

plants in the sorghum row (interrow intercrop), or with a reduced

later the growth of Brachiaria, after harvesting the cereal.
The advantage of adopting the intercrop of grain sorghum with

Brachiaria in the off-season can be seen with the values obtained
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Table 4. Mean values of dry mass yield, total crude protein and soil cover in different implantation systems intercropped of grain
sorghum with Brachiaria brizantha (Bb), B. decumbens (Bd) and B. ruziziensis (Br) in the off-season in Rio Verde-GO, 2012.

Row 5,836""2 4,258"2 6,499"""2 5,989"""2 4,563 6,923 5,678b
Interrow 6,604"2 5,908"""2 7,302°"2 6,969""2 6,037°""2 7771772 6,765 a
Row + interrow 6,8617"2 5711772 7,854"2 7,031°"2 6,057"2 8,017"2 6,921 a
Broadcast 4,746 4,218 5,385"""2 4,898'"2 4,131 5,552"""2 4,821c
Bb Bd Br
Row 5,913 Aab 4,411 Bb 6,711 Aab
Interrow 6,787 Ba 5,972 Ca 7,536 Aa
Row + interrow 6,946 Ba 5,884 Ca 7,935 Aa
Broadcast 4,822 ABb 4,174Bb 5,468 Ab
Means 6,166 B 5,110C 7,031 A
Bb Bd Br BRS 330 DKB 551
Monoculture 13,101 A 9,745B 13,826 A 1,057 C 1,114C

Row 2012 1562 2122 196°"2 1592 213" 189b
Interrow 2882 25072 3892 27412 24272 3932 304 a
Row + interrow 27472 24212 39072 2752 24472 391712 303a
Broadcast 1452 132712 172712 14412 130" 17172 149 c
Bb Bd Br
Row 198Ab 158Ab 213 Ab
Interrow 281 Ba 246 391 Aa
Row + interrow 275Ba 243 Ba 390 Aa
Broadcast 144 Ac 131 Ac 171 Ac
Means 222 B 193 B 291 A
Bb Bd Br BRS 330 DKB 551
Monoculture 633 B 517C 787 A 49D 53D

Row 90" 95" 95" 92" 90" 95"
Interrow 92" 92" 92" 92" 97" 95"
Row + interrow 97" 95" 97" 92" 92" 92"
Broadcast 92" 92" 95" 90" 95" 90!

Bb Bd Br BRS 330 DKB 551
Monoculture 100 A 100 A 100 A 40B 50B

*Means followed by the same letters, uppercase on the line and lowercase on the column, do not differ by the Tukey’s test at 5% probability.
“1,"2Means differ significantly by Dunnett’s test at 5% probability in relation to sorghum and Brachiaria monocrops, respectively.
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in monocrop, since the dry matter yields in all combinations
were higher than the respective sorghum monocrops (Table 4).
This proves the importance of the contribution of biomass from
Brachiaria in intercropping systems (REZENDE et al., 2016).
The presence of higher dry matter values in the off-season
provides advantages such as better conservation and physical
quality of the soil and maintenance of soil moisture for a longer
time (FLAVIO NETO et al., 2015). These advantages become
essential for the Cerrado region, a time when rainfall is limited
to a certain time of the year. In addition, it is important to
consider that the presence of a greater amount of dry matter on
the soil surface contributes to greater suppression of emergence
of weeds in the successor crop, that is, planted in the summer
growing season (OLIVEIRA JUNIOR et al., 2014).

Among the species of Brachiaria grown in intercropping
systems, a higher dry matter content is observed with the use of
B. ruziziensis followed by B. brizantha and B. decumbens (Table 4).
For the sustainability of the no-till system there is a need to
produce 6 t-ha™! residues on the soil surface (FERREIRA et al.,
2010), a result obtained with B. ruziziensis and B. brizantha.
Therefore, these species proved to be more suitable for supplying
dry matter in the off-season, after harvesting annual crops.

The dry matter yields of the intercropping system were lower
than those of the Brachiaria monocrop (Table 4). This is because in
the intercrop there was a reduction in radiation reaching Brachiaria
due to shading caused by sorghum plants. In this condition, the plant
directs the reserve carbohydrates to the apical meristem in the search
for light, decreasing the emergence of new tillers (TAIZ etal., 2017)
and the accumulation of dry matter in the aerial part. In monocrop,
Brachiaria plants were in free growth, without competition with
another species, as in the intercrop. In this system, even with the
lower dry matter yield compared to the monocrop of the respective
Brachiaria, there is the production of grains, becoming another
income option for the farmer in the off-season.

In monocrop, B. ruziziensisand B. brizantha produced larger
amounts of dry matter; higher than B. decumbens (Table 4). This spe-
cies in turn exceeded the values obtained with the sorghum hybrids
in monocrop, proving the potential for dry matter production
of the evaluated species. The higher production of dry matter by
Brachiaria compared to sorghum is related, in addition to the
genetic potential, to the longer period of plant growth (Fig. 1).
This becomes important to increase the permanence of straw on
the soil surface for planting the soybean crop at the beginning
of the rainy season, since, in this phase, most agricultural areas
of the Cerrados do not have vegetation cover on the soil surface.

The intercropping effects on total crude protein yield were
similar to those observed for total dry matter yield (Table 4).
The sowing systems of Brachiaria in the interrow and row +
interrow of sorghum provided higher values in all intercropped
species. For each system, higher values were observed with the use
of B. ruziziensis sown in the interrow and row + interrow compared
to the other species. In row and broadcast sowing systems, there
were no significant differences between forage species.

The results of total crude protein obtained in the intercrop-
ping system again prove the advantage of intercropping sorghum
with Brachiaria, since the values were higher in all treatments of
intercrop in relation to the respective monocrops of sorghum
hybrids, however, inferior to monocrops of Brachiaria (Table
4). In this case, the superior performance of B. ruziziensis stands
out, followed by B. brizantha and B. decumbens thus overcoming
sorghum hybrids, as observed by SILVA et al. (2014).

Another advantage of intercropping systems is related to
vegetation cover on the soil surface. At the time of sorghum
harvest, all treatments in the intercrop showed values above
90%, being higher than in sorghum monocrops (Table 4).
These results prove the benefits of the supply of dry macter
in intercrop by Brachiaria plants. At the time of cutting the
plants, the soil surface was completely covered, which provides
benefits for soil conservation, such as protection against erosion
and the impact of raindrops (IKEDA et al., 2007).

Agricultural systems have to be improved to minimize the
environmental impacts of their agricultural practices, in addition
to providing profitability to rural producers (IQBAL et al.,
2019). The results indicate that intercropping grain sorghum
with Brachiaria, in succession to soybean cultivation, becomes
an excellent option for the production of grains and dry matter
in the off-season under Cerrado conditions. In this system, even
though there is a reduction in the yield of sorghum grains in
certain situations, as previously discussed, there is the presence of
Brachiaria in the off-season, whose biomass provides excellent soil
cover and the production of dry matter with a higher C/N ratio.

Further, dry matter produced in the off-season can be used
for grazing cattle, a time when there is a shortage of forage in
the field, or be desiccated to produce straw for the implantation
of the summer crop. These facts become important for the
study region, as the climatic conditions in this period make it
difficult to maintain the straw on the soil surface. Therefore,
the system proves to be a viable option for diversification of
crops in the Cerrados region.

CONCLUSIONS

Brachiaria implantation systems provide a reduction in the
yield of sorghum grains, with emphasis on the intercrop in
the row, in the interrow and the broadcast sowing without,
however, presenting differences between the hybrids in intercrop.

Brachiaria implantation systems in the interrow and row
+ interrow show a higher production of dry matter and total
crude protein in the off-season, with emphasis on B. ruziziensis.

The DKB 551 hybrid is more sensitive to competition
with Brachiaria plants.

Intercropping sorghum and Brachiaria is the most effective
system to increase dry matter production and soil cover in
the off-season.
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