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Intercropping of sunflower with Brachiaria brizantha cultivars
during two sowing seasons in the interim harvest

Consorcio do girassol com cultivares de Brachiaria brizantha em
duas épocas de semeadura na safrinha

Welma Santos Cruvinel'; Katia Aparecida de Pinho Costa**; Alessandro Guerra da
Silva®; Eduardo da Costa Severiano?; Matheus Gongalves Ribeiro*

Abstract

Intercropping of annual crops with tropical forages is an effective cultivation method to maximize
grain production and pasture formation. The objective of this study was to evaluate the agronomic
characteristics of sunflower and the productive and nutritional characteristics of Brachiaria brizantha
cultivars grown with intercropping during two different sowing seasons in the interim harvest of the
Center-West region of Brazil. The experiment was conducted in the municipality of Rio Verde, Goids
(GO), using a randomized block design with a 3x2+4 factorial scheme and three replicates per treatment.
The following factors were tested: three Brachiaria brizantha cultivars (Marandu palisadegrass, Piata
palisadegrass and Xaraes palisadegrass) grown with intercropping in the inter-row with the sunflower
cultivar Charrua in two different sowing seasons (February and March); four additional treatments of
sunflower; and the three tested Brachiaria brizantha cultivars grown in monoculture. Intercropping
of sunflower with the Xaraes palisadegrass cultivar negatively affected the agronomic characteristics
of sunflower, and intercropping with Marandu palisadegrass and Piata palisadegrass cultivars is
recommended. Preference should be given to the Xaraes palisadegrass cultivar for forage production
and to the Piata palisadegrass cultivar for the production of forage with higher nutritional value. Sowing
in March led to the best sunflower agronomic characteristics, without affecting the productive and
nutritional characteristics of the forages. Intercropping of sunflower with Brachiaria brizantha cultivars
is therefore a promising cultivation method for the production of achenes and forage during the inter-
harvest in the Center-West region of Brazil.
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Resumo

O consorcio de culturas anuais e forrageiras tropicais na mesma area tem-se mostrado como técnica de
cultivo eficaz para maximizar a producédo de graos e formagao de pastagens. Neste contexto, objetivou-se
avaliar as caracteristicas agronomicas do girassol, bem como as caracteristicas produtivas ¢ nutricionais
de cultivares de Brachiaria brizantha consorciado com o girassol em duas épocas de semeadura,
na safrinha na regido Centro-Oeste. O experimento foi conduzido no municipio de Rio Verde-GO
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no delineamento experimental em blocos ao acaso com trés repeticdes em esquema fatorial 3x2+4,
sendo trés cultivares de Brachiaria brizantha (Marandu; Piatd e Xaraés) consorciadas na entrelinha
com o cultivar de girassol Charrua em duas épocas de semeadura (fevereiro e marco), além de quatro
tratamentos adicionais referentes aos monocultivos do girassol e dos trés cultivares de Brachiaria
brizantha. Os resultados permitiram constatar que o consércio do girassol com o capim-xaraés afeta
negativamente as caracteristicas agrondmicas do girassol, sendo mais recomendando o consércio com
os capins marandu e piatd. Quando se objetiva a producdo de forragem, deve-se dar preferéncia para
o uso do capim-xaraés, e para obtencao de forragem de melhor valor nutricional, deve-se empregar o
capim-piata. A semeadura em margo proporciona melhores resultados para caracteristicas agronomicas
do girassol, sem interferéncia nas caracteristicas produtivas e nutricionais das forrageiras. Sendo assim,
o consorcio de girassol com os cultivares de Brachiaria brizantha na safrinha mostrou-se como técnica
de cultivo promissora para producdo de aquénios e de forragem na entressafra na regido Centro-Oeste.
Palavras-chave: Helianthus annuus L. integragdo lavoura-pecuaria.

Introduction

Sunflower (Helianthus annuus L.) is one of
the most widely grown oilseeds worldwide, both
in terms of the cultivation area and production.
Currently, it is classified as the second greatest
source of raw material for edible oil production
worldwide because of the excellent nutritional
quality of its vegetable oil.

The sunflowercrop has gained interestoverthe last
few years because it is an alternative for production
of raw materials for biofuels production (SANTOS
et al.,, 2012). Similar to what occurs worldwide,
sunflower production has been expanding in Brazil,
with a cultivated area of 145.7 thousand hectares and
production of 232.7 thousand tons in the 2013/2014
harvests (CONAB, 2014). The Center-West region
of Brazil, where large companies are strategically
located in the sunflower producing areas, represents
91% of national production.

The high water-use efficiency of sunflowers
under water stress conditions and its tolerance to
a wide range of temperatures, without affecting
production, stimulate sunflower cultivation during
the interim harvest, optimizing the use of farm
infrastructure in the region (CASTRO; FARIAS,
2005).

Recently, sunflower intercropping with grasses
from the genus Brachiaria has been adopted in
integrated crop-livestock systems, promising results
have been exhibited with the use of Brachiaria

brizantha cv. Marandu, Brachiaria decumbens and
Brachiaria ruziziensis (GONTIJO NETO et al.,
2009; SOUZA et al., 2015).

With the appearance of new Brachiaria
brizantha cultivars (Xaraes palisadegrass and
Piata palisadegrass), there is a need to evaluate
these materials in intercropping with sunflower.
Identifying the association of Brachiaria brizantha
cultivars with sunflower intercropping will allow
for maximization of the production of achenes and
forage in the inter-harvest (SILVA et al., 2007).

However, intercropping of sunflower with
Brachiaria species has been studied very little,
conditions.

especially under interim harvest

Therefore, there is a need for improved
recommendations for planting and production in
the agricultural systems of the Center-West region
of Brazil, mainly in intercropping with forage
grass (COSTA et al, 2016). Furthermore, the
sunflower sowing season during the interim harvest
influences achene production (SANTOS et al.,
2012) due to the irregular distribution of rainfall
and the occurrence of diseases following flowering
(CASTRO; FARIAS, 2005). The objective of this
study was to evaluate the agronomic characteristics
of sunflower and the production and nutritional
characteristics of Brachiaria brizantha cultivars
grown with intercropping in two different sowing
seasons during the interim harvest in the Center-

West region of Brazil.
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Material and Methods

The experiment was conducted in the field
(17°48° S; 50°55° W; and 748 m altitude) in the
Rio Verde municipality, Goias (GO), during the
2013 interim harvest. The soil was a dystroferric
Red Latosol. A soil sample was collected from the
experimental area, from the 0-20 cm soil layer, and
was used for soil physicochemical characterization.
The soil characteristics were as follows: 510 g kg™

clay; 160 g kg' silt, and 330 g kg™ sand; 5.10 pH in
CaCl,; 2.88 cmol _dm™Ca; 1.27 cmol dm~Mg; 0.01
cmol  dm? Al; 4.00 cmol  dm® Al+H; 0.39 cmol,
dm” K; 8.54 cmol_  dm™ cation exchange capacity
(CEC); 8.72 g dm™P; 3.4 gdm™ Cu; 1.5 g dm™ Zn;
43.0 g dm” Fe and 26.76 g dm? OM. Rainfall and
mean air temperature were monitored daily during
the experiment (Figure 1).

Figure 1. Rainfall and air temperature recorded between January and November 2013 in Rio Verde, GO.
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A randomized block design was used, with
a 3x2+4 factorial scheme and three replicates
per The
three Brachiaria brizantha cultivars (Marandu
palisadegrass,
palisadegrass) grown with intercropping in inter-

treatment. tested factors included

Piata palisadegrass and Xaraes

row with the sunflower cultivar Charrua (triple
hybrid, semi-precocious, with black achenes and
high oil content), grown during two sowing seasons
(February and March) and with four additional
treatments of sunflower and three Brachiaria
brizantha cultivars in monoculture.

Each plot consisted of eight 3.0-m-long rows
spaced 0.50 m apart. During intercropping, the
Brachiaria brizantha cultivars were sown into

the sunflower inter-rows. The experimental area
excluded one row on each side of each plot and 0.5
m at each row end.

Theexperimentalareawaspreparedbyperforming
weed desiccation, through the application of 150 L
ha'glyphosate (720 g ae ha!). Thirty days following
desiccation, harrowing was performed using a disk
plow for the elimination of weeds not controlled by
the herbicide, followed by leveled harrowing due
to intense infestation by guinea grass. One week
before setting up the experiment, a second treatment
of leveled harrowing was performed, and sowing
furrows were opened with 0.50 m of inter-row space
using a seeder. Furrows for sowing of Brachiaria
brizantha cultivars in the sunflower inter-rows were
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opened manually, using hoes.

Sowings were performed on February 18" and
March 20" using 80 kg ha" P O, and 20 kg ha™' FTE
BR 12 fertilizer, with 1.5 kg boron. During both
the intercropping and monoculture experiment,
sunflowers were sown at a 3 cm depth, and
Brachiaria brizantha cultivars were sown at a 2 cm
depth. Sunflower sowing was performed using six
seeds per meter, and forage species were sown with
5 kg of pure viable seeds per hectare (SANTOS et
al., 2016).

Sunflower plants were thinned 20 days after
seedling emergence (DAE) in both the intercropping
and monoculture treatments, leaving the equivalent
0f 60,000 plants ha'. At 40 DAE, 50 kg ha! nitrogen
as urea, 40 kg ha'' K O as potassium chloride, and
1.5 kg boron in the form of boric acid were applied
by broadcasting (SOUSA; LOBATO, 2012).

Following emergence, weed control was
performed through weekly manual weeding until
45 DAE in both sowing seasons. Pest control was
performed manually, at 70 DAE. Teflubenzurom
at 1 L ha' was applied to control the bordered
patch (Chlosyne lacinia saundersii), and 1 L ha’
spinosad was applied to control the soybean looper
(Pseudoplusia includens), with a spray liquid

volume equivalent to 300 L ha™’.

For sunflowers, the plant height (measured
from the stem base to the capitulum insertion in
ten plants selected randomly), stem diameter, and
number of leaves per plant were quantified at 30 and
60 DAE, both in the intercropping and monoculture
treatments. Plants were harvested manually at 125
DAE for the first sowing season and at 117 DAE for
the second sowing season, when they had reached
physiological maturity.

At harvest, the following parameters were evaluated
in plants from the useful plot area: the plant height
(measured from the stem base to the capitulum
insertion), number of capitula, capitulum diameter
(measured in ten plants selected randomly), dry

weight (stems and leaves of all plants in the plot
were collected and dry in an oven at 55°C to
constant weight, following which the dry weight
was determined and converted to kg ha'), the weight
of 1000 achenes (1000 achenes were weighed in
grams corrected to 13% moisture) and the achene
yield (the capitulum were threshed and the achenes
were weighed; the moisture was corrected to 13%,
and the values were converted to kg ha') (SANTOS
etal., 2016).

The achene oil content was determined through
a chemical method, using hexane as an extractor.
The oil yield was calculated by multiplying the
achene oil content, in %, by the achene yield, in kg
ha! (UCHOA et al., 2011).

The dry weight production and nutritional value
of Brachiaria brizantha cultivars were evaluated
following the sunflower harvest until the beginning
of the rainy season. The forages were evaluated in
successive cuts. Samples with 1 m? were collected
using a quadrat positioned randomly within each
plot, and the cuts were performed at a 20 cm height
(SANTOS et al., 2016).

The first cut was performed at the sunflower
harvest, on 06/20/2013 (first sowing season) and
07/13/2013 (second sowing season), the second was
performed 60 days after the first cut, on 08/20/2013
(first sowing season) and 09/12/2013 (second
sowing season), and the third was performed 30
days following the second cut, on 09/20/2013 (first
sowing season) and 10/08/2013 (second sowing
season).

All of the plants in the experimental area were
cut to the same height as the evaluated plants,
and the resulting residue was removed from the
area. A top-dressed fertilization was performed
following the second cut, with an application of 80
kg ha! nitrogen as urea and 40 kg ha! potassium as
potassium chloride (SOUSA; LOBATO, 2012).

The collected material was placed in plastic bags
and taken to the laboratory. A representative sample
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of each plot, approximately 500 g, was placed into a
forced air oven at 55°C for pre-drying. The samples
were ground using a Willey mill, with a 1-mm-
diameter sieve, and were stored in plastic bags for
subsequent analysis (SANTOS et al., 2016).

Bromatological analyses were performed to
determine the dry mater (DM), crude protein (CP),
neutral detergent fiber (NDF) and acid detergent
fiber (ADF) according to Silva and Queiroz (2002).
The in vitro dry matter digestibility (IVDMD) was
determined according to Tilley and Terry (1963)
and was adapted to an artificial rumen developed
by ANKONP®, using an Ankom Technology Daisy
incubator (in vitro true digestibility- [VTD). Rumen
fluid collection was performed using two fistulated
male steers with a 550 kg mean weight, with the
animals kept grazing on B. brizantha cv. Marandu.

All of the evaluated parameters were subjected
to analysis of variance followed by a Tukey’s
test, at p<0.05, using the software SISVAR 4.6
(FERREIRA, 2011).

Results and Discussion
Sunflower cultivation

The forage system x sowing season interaction
had no effect (p>0.05) on the plant height (Table
1), stem diameter (Table 2), or number of leaves at
30 and 60 DAE (Table 3). However, main effects
(p<0.05) from the sowing season and forage system
were observed on the stem diameter.

A higher plant height at 30 DAE was observed
during the March sowing season for all of the
tested forage systems (Table 1). The lower plant
development observed during the first sowing
season may have been due to the irregular rainfall
in February (Figure 1), with frequent droughts
occurring at the beginning of seedling emergence,
which is detrimental for plant development
(SANTOS et al., 2002). Similar effects were
observed at 60 DAE. The plant height was important
for achene production because it was positively
correlated with the production characteristics
(TOMICH et al., 2003).

Table 1. The mean plant height of sunflowers grown in monoculture and in intercropping with Brachiaria brizantha

cultivars during two different sowing seasons.

Sowing seasons

Forage systems

February March

Plant height at 30 DAE (cm)
Sunflower monoculture 30.66 Ab 37.00 Aa
Sunflower x Marandu palisadegrass 31.65 Ab 36.00 Aa
Sunflower x Piata palisadegrass 30.00 Ab 37.65 Aa
Sunflower x Xaraes palisadegrass 31.63 Ab 36.96 Aa
CV % 11.31

Plant height at 60 DAE (cm)
Sunflower monoculture 170.66 Ab 188.65 Aa
Sunflower x Marandu palisadegrass 165.65 Ab 183.66 Aa
Sunflower x Piata palisadegrass 170.66 Ab 181.00 Aa
Sunflower x Xaraes palisadegrass 171.00 Ab 182.33 Aa
CV % 6.28

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.
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Was observed difference (p<0.05) in the stem
diameter between forage systems in both sowing
seasons in the two evaluations performed (Table
2). The lowest values were observed for sunflower
from intercropping with all tested B. brizantha
cultivars, and these were lower than those observed
in monoculture (Table 2). Although significant
differences in the plant height between intercropping
and monoculture were not observed, the lower stem
diameter of sunflowers from intercropping indicated
competition between sunflower and B. brizantha in

this cultivation system.

The sowing season only had a effect (p<0.05)
on the stem diameter at 60 DAE, with higher
values observed during the second season resulting
from the higher sunflower development (Table 2).
Higher stem diameter results in higher dry weight
accumulation (GOMES et al., 2010) and decreased
stalk lodging, thereby making crop handling and
harvest easier (BISCARO et al., 2008).

Table 2. Mean stem diameter of sunflower grown in monoculture and in intercropping with Brachiaria brizantha

cultivars in two different sowing seasons.

Sowing seasons

Forage systems

February March
Stem diameter 30 at DAE (cm)
Sunflower monoculture 1.23 Aa 1.20 Aa
Sunflower x Marandu palisadegrass 1.00 Ba 1.04 Ba
Sunflower x Piata palisadegrass 1.03 Ba 1.06 Ba
Sunflower x Xaraes palisadegrass 1.07 Ba 1.03 Ba
CV % 12.23
Stem diameter at 60 DAE (cm)
Sunflower monoculture 2.30 Ab 2.70 Aa
Sunflower x Marandu palisadegrass 2.06 Bb 2.55Ba
Sunflower x Piata palisadegrass 1.99 Bb 2.53 Ba
Sunflower x Xaraes palisadegrass 1.89 Bb 2.48 Ba
CV % 9.88

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.

The number of leaves in the first and second
sowing season at 30 DAE was not influenced
(p>0.05) by the forage system or sowing season
(Table 3). However, a effect (p<0.05) of the sowing
season was observed at 60 DAE, with higher values
observed during the March sowing season for all of
the forage systems. The better rainfall distribution
for this season (Figure 1), especially at the
emergence of sunflower seedlings, resulted in more
abundant leaf formation. The leaves are the main

organ responsible for the accumulation of nutrients
and organic compounds, which are translocated to
the achenes (LIMA JUNIOR et al., 2010), thereby
producing higher achene yield and oil and crude
protein contents (KARADOOAN; AKGUN, 2009).

Intercropping with the Marandu palisadegrass and
Piata palisadegrass cultivars did not affect (»>0.05)
the plant height at harvest during either sowing
seasons, as no significant differences were observed
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between these two treatments and the sunflower
monoculture (Table 4). This is consistent with the
findings of Torres et al. (2008), who recommended
B. brizantha cv. Piata for use in integrated crop-
livestock systems because its early growth is slower
than that of the Marandu palisadegrass and Xaraes
palisadegrass cultivars. However, intercropping
with B. brizantha cv. Xaraes decreased (p<0.05) the
height of sunflower plants by 17 and 32% during

the first and second sowing seasons, respectively.
This may result from greater competition between
B. brizantha cv. Xaraes and sunflower due to the
wider leaves, faster growth, and high dry weight
production of the Xaraes palisadegrass cultivar
(FLORES et al., 2008). Similar results have been
previously reported from February (SANTOS et al.,
2012) and March sowings (BACKES et al., 2008).

Table 3. Mean number of leaves in sunflowers grown in monoculture and through intercropping with Brachiaria

brizantha cultivars during two different sowing seasons.

Sowing seasons

Forage systems

February March

Number of leaves at 30 DAE
Sunflower monoculture 8.93 Aa 9.26 Aa
Sunflower x Marandu palisadegrass 8.86 Aa 8.06 Aa
Sunflower x Piata palisadegrass 8.46 Aa 8.80 Aa
Sunflower x Xaraes palisadegrass 8.50 Aa 8.40 Aa
CV % 9.33

Number of leaves at 60 DAE
Sunflower monoculture 16.83 Ab 25.03 Aa
Sunflower x Marandu palisadegrass 14.55 Ab 22.00 Aa
Sunflower x Piata palisadegrass 14.88 Ab 20.73 Aa
Sunflower x Xaraes palisadegrass 15.36 Ab 21.76 Aa
CV % 14.51

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.
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Table 4. Mean plant height, number of capitula, capitulum diameter, and dry weight production at harvest in sunflowers
grown in monoculture and grown with intercropping with Brachiaria brizantha cultivars during two different sowing

s€asons.

Sowing seasons

Forage systems

3180

February March
Plant height (m)
Sunflower monoculture 1.84 Ab 2.12 Aa
Sunflower x Marandu palisadegrass 1.86 Ab 2.11 Aa
Sunflower x Piata palisadegrass 1.85 Aa 2.08 Aa
Sunflower x Xaraes palisadegrass 1.58 Ba 1.78 Ba
CV % 7.20
Number of capitula
Sunflower monoculture 3.23 Ab 5.03 Aa
Sunflower x Marandu palisadegrass 3.16 Aa 4.90 Aa
Sunflower x Piata palisadegrass 3.26 Aa 4.80 Aa
Sunflower x Xaraes palisadegrass 2.06 Ba 343 Ba
CV % 16.40
Capitulum diameter (cm)
Sunflower monoculture 16.20 Ab 19.43 Aa
Sunflower x Marandu palisadegrass 14.76 Ab 18.36 Aa
Sunflower x Piata palisadegrass 14.70 Ab 18.50 Aa
Sunflower x Xaraes palisadegrass 13.90 Bb 15.96 Ba
CV % 9.28
Dry weight production (kg ha™)

Sunflower monoculture 2.573 Ab 3.173 Aa
Sunflower x Marandu palisadegrass 2.393 Ab 3.040 Aa
Sunflower x Piata palisadegrass 2.480 Ab 3.133 Aa
Sunflower x Xaraes palisadegrass 1.753 Bb 2.206 Ba
CV % 18.13

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same
row (sowing seasons) are significantly different according to a Tukey’s test, at p<0.05.

Intercropping of sunflowers with B. brizantha
cv. Xaraes had a negative effect (p<0.05) on the
number of capitula and the capitulum diameter
during the two sowing seasons (Table 4). This
indicates that the Xaraes palisadegrass cultivar was
not indicated for intercropping with sunflowers
because it is more aggressive and taller than the
Marandu palisadegrass and Piata palisadegrass
cultivars, with a detrimental effect on sunflowers.
However, no significant difference was observed

between sunflowers grown in monoculture and
from intercropping with the Marandu palisadegrass
and Piata palisadegrass cultivars.

Larger capitulum diameters in all of the tested
forage systems and the number of capitula in
sunflowers grown in monoculture were observed
from the March sowing. This was due to the
limited water availability at the initial stage of
plant development that occurred from the February
sowing, compromising the stand and consequently
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the number of capitula at harvest (SOUZA et al.,
2014).

The sunflower water needs were met with
between 400 and 500 mm of water. However,
watering must be well distributed throughout the
crop’s life cycle (CASTRO; FARIAS, 2005). In this
study, there was more rainfall during the crop cycle.
However, the rainfall distribution was irregular,
especially during the crop’s early development,
which affected its establishment and development.
The results obtained for the March sowing were
similar to the ones reported by Tomich et al. (2003)
for interim harvest conditions and were higher than
reported by Capone et al. (2011) for sunflower
sowing on March 15" in the Cerrado in Tocantins.

Similar to the observations of capitulum height
and number of capitula, lower dry weight production
was observed for sunflower intercropped with B.
brizantha cv. Xaraes during both sowing seasons
(Table 4), which confirms the competition between
the two species. A higher dry weight may result
in higher biomass at the soil surface, resulting in
greater moisture retention in the soil. Nevertheless,
the decomposition of leaves and sunflower capitula
occurs quickly because they have low C/N ratios;
however, the opposite is true for the stem (LOBO et

al., 2012). Therefore, the March sowing exhibited
higher dry weight production, favored by better
rainfall distribution.

The yield and weight of 1000 achenes were
similar (p>0.05) between the monoculture and
intercropping with the B. brizantha cultivars
Marandu palisadegrass and Piata palisadegrass
(Table 5). During intercropping with B. brizantha
cv. Xaraes, there was a decrease (p<0.05) in the
achene yield and weight of 1000 achenes (22 and
44% and 25 and 34% for the February and March
sowings, respectively), confirming competition
between this cultivar and sunflower as previously
discussed for the other variables.

The yield and weight of 1000 achenes was
higher in the March than February sowing (Table
5). Rainfall occurred until the end of June for the
March sowing season (44.8 mm), which favored
achene production (CASTRO; FARIAS, 2005). The
achene yield in the first sowing season was similar
to that obtained by Backes et al. (2008), with 1.861
kg ha' yield during an interim harvest, and higher
than those by Capone et al. (2011), with 890.8 and
773.4 kg ha'! mean yields for sowings performed on
03/15/2009 and 03/28/2009, respectively.
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Table 5. Mean achene yield, weight of 1000 achenes, oil content, and yield of sunflowers grown in monoculture and
in intercropping with Brachiaria brizantha cultivars during two different sowing seasons.

Sowing seasons

Forage systems

February March
Achene yield (kg ha™)
Sunflower monoculture 1.971 Ab 2.802 Aa
Sunflower x Marandu palisadegrass 1.882 Ab 2.919 Aa
Sunflower x Piata palisadegrass 1.994 Ab 3.133 Aa
Sunflower x Xaraes palisadegrass 1.591 Bb 2.045 Ba
CV % 19.74
Weight of 1000 achenes (g)
Sunflower monoculture 24.35 Ab 47.56 Aa
Sunflower x Marandu palisadegrass 23.17 Ab 48.82 Aa
Sunflower x Piata palisadegrass 24.14 Ab 46.04 Aa
Sunflower x Xaraes palisadegrass 19.02 Bb 35.31 Ba
CV % 16.68
Qil content (%)
Sunflower monoculture 37.33 Aa 47.00 Ab
Sunflower x Marandu palisadegrass 36.70 ABa 46.33 Aa
Sunflower x Piata palisadegrass 35.90 ABa 47.35 Ab
Sunflower x Xaraes palisadegrass 33.65 Ba 38.62 Ba
CV % 11.30
Oil yield (t ha)

Sunflower monoculture 0.735 Ab 1.316 Aa
Sunflower x Marandu palisadegrass 0.690 Ab 1.352 Aa
Sunflower x Piata palisadegrass 0.715 Ab 1.483 Aa
Sunflower x Xaraes palisadegrass 0.535 Bb 0.789 Ba
CV % 19.5

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same
row (sowing seasons) are significantly different according to a Tukey’s test, at p<0.05.

As observed for the achene yield, intercropping
with the Xaraes palisadegrass cultivar resulted in
decreased (p<0.05) sunflower oil content and yields
during both sowing seasons. No differences were
observed for the remaining forage systems (Table 5).
However, the regular rainfall distribution during the
March sowing season resulted in a 25% increase in
the oil content compared with the February sowing
season. Results similar were reported by Lobo et al.
(2012). Higher oil yields are important for biodiesel
production (GAMA et al., 2010) in the Center-West

region of Brazil, which favors sunflower cultivation
in that region.

Brachiaria brizantha cultivars

Sunflower
brizantha cultivars resulted in a lower (p<0.05)
plant height at 30 DAE (Table 6). At 60 and 90 DAE
and at sunflower harvest, lower plant heights were
only observed for cultivars Marandu palisadegrass
and Piata palisadegrass when compared with

intercropping  with  Brachiaria
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monocultures in intercropping with sunflower
during both sowing seasons. This may be because
at 60 DAE, the sunflower plants had a larger leaf
area, causing shading and consequently higher
competition with the Marandu palisadegrass and
Piata palisadegrass cultivars.

Planting sunflowers in a reduced space (0.50
m inter-rows) may have further contributed to
the increased shading of these forage plants. For
B. brizantha cv. Xaraes, the heights were similar
under intercropping and monoculture (Table 6)

due to the species’ greater aggressiveness towards
sunflower. Similar results were reported by Gontijo
Neto et al. (2009), who observed less development
of Xaraes palisadegrass, Piata palisadegrass and
Panicum maximum cv. Massai in intercropping with
sunflower.

The tallest heights at 60 and 90 DAE and at
sunflower harvest, for all forage systems, were
observed from March sowing due to the better
rainfall distribution, which favored the growth of
the B. brizantha cultivars.

Table 6. Mean plant heights of Brachiaria brizantha cultivars grown in monoculture and in intercropping with

sunflower during the two different sowing seasons.

Sowing seasons

Forage systems

February March

Plant height 30 DAE (cm)
Marandu palisadegrass in monoculture 31.53 Aa 37.66 Aa
Piata palisadegrass in monoculture 32.33 Aa 39.00 Aa
Xaraes palisadegrass in monoculture 31.00 Aa 39.80 Aa
Sunflower x Marandu palisadegrass 27.73 Ba 32.00 Ba
Sunflower x Piata palisadegrass 28.00 Ba 30.33 Ba
Sunflower x Xaraes palisadegrass 26.53 Ba 33.66 Ba
CV % 10.84

Plant height 60 DAE (cm)
Marandu palisadegrass in monoculture 59.50 Ab 96.63 Aa
Piata palisadegrass in monoculture 67.90 Ab 98.16 Aa
Xaraes palisadegrass in monoculture 70.96 Ab 108.33 Aa
Sunflower x Marandu palisadegrass 38.10 Bb 45.36 Ba
Sunflower x Piata palisadegrass 37.83 Bb 44.06 Ba
Sunflower x Xaraes palisadegrass 59.83 ABb 79.80 Aba
CV % 14.75

Plant height 90 DAE (cm)
Marandu palisadegrass in monoculture 75.50 Ab 106.62 Aa
Piata palisadegrass in monoculture 87.90 Ab 110.10 Aa
Xaraes palisadegrass in monoculture 90.96 Ab 128.50 Aa
Sunflower x Marandu palisadegrass 58.50 Bb 75.35 Ba
Sunflower x Piata palisadegrass 53.30 Bb 74.40 Ba
Sunflower x Xaraes palisadegrass 71.83 ABb 99.50 Aba
CV % 16.50

Continue...
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Continuation...

Marandu palisadegrass in monoculture
Piata palisadegrass in monoculture
Xaraes palisadegrass in monoculture
Sunflower x Marandu palisadegrass
Sunflower x Piata palisadegrass
Sunflower x Xaraes palisadegrass
CV%

Plant height harvest DAE (cm)

80.63 Aa 109.50 Ab
90.16 Aa 112.90 Ab
100.33 Aa 135.96 Ab
61.36 Ba 78.10 Bb
59.06 Ba 76.83 Bb
85.80 Aa 101.50 ABb

15.10

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.

Dry weight production was not different
(p>0.05) between the B. brizantha cultivars grown
in monoculture and the Xaraes palisadegrass
cultivar grown with intercropping during either
sowing season (Table 7). This was attributed
to the morphology of the Xaraes palisadegrass
cultivar, which has wide leaves, fast growth and
high dry weight production (FLORES et al., 2008),
causing suppression of sunflower development
and similar dry weights under intercropping and
monoculture. However, the Marandu palisadegrass
and Piata palisadegrass cultivars had lower dry
weight production with intercropping, due to
suppression by sunflower plants. This indicates
that these Brachiaria brizantha cultivars do not
tolerate shading from sunflower plants, resulting
in low forage production. This is in accordance
with Gontijo Neto et al. (2009), who observed that
sunflowers caused a decrease in forage production
by B. brizantha cv. Xaraes of approximately 66%
and of 50% by B. brizantha cv. Piata and Panicum
maximum cv. Massai.

Even following the sunflower harvest, the
production dry weight (second and third cut) of

the Marandu palisadegrass and Piata palisadegrass
cultivars was not reestablished due to the low water
availability at inter-harvest, which is common
in the Center-West region of Brazil. In integrated
crop-livestock  systems, following sunflower
harvest, the area may be used for grazing. The ideal
forage plant for intercropping with sunflower has
good establishment and growth in intercropping
conditions. According to these results, if the main
goal is forage production during the inter-harvest,
preference should be given to B. brizantha cv.
Xaraes, because it has higher weight production

than the other cultivars.

As previously observed, the sowing season did
not influence (p>0.05) the dry weight production of
forage systems from the three cuts (Table 7). The
second cut exhibited the lowest production, due to
the difficulty of resprouting in the absence of rainfall
(Figure 1). However, with the beginning of the rainy
season in September, there was an improvement in
the development of Brachiaria plants, which was
reflected in the higher dry weight production.
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Table 7. Mean dry weight production of Brachiaria brizantha cultivars grown in monoculture and in intercropping

with sunflower during two different sowing seasons.

Sowing seasons

Forage systems

February March

DM production 1% cut - harvest (kg ha™)
Marandu palisadegrass in monoculture 2.750 Aa 2.900 Aa
Piata palisadegrass in monoculture 2.605 Aa 3.105 Aa
Xaraes palisadegrass in monoculture 3.187 Aa 3.637 Aa
Sunflower x Marandu palisadegrass 1.350 Ba 1.585 Ba
Sunflower x Piata palisadegrass 1.265 Ba 1.515Ba
Sunflower x Xaraes palisadegrass 3.102 Aa 3212 Aa
CV % 19.64

DM production 2™ cut (kg ha™)
Marandu palisadegrass in monoculture 1.148 Aa 1.368 Aa
Piata palisadegrass in monoculture 1.298 Aa 1.450 Aa
Xaraes palisadegrass in monoculture 1.602 Aa 1.650 Aa
Sunflower x Marandu palisadegrass 0.705 Ba 0.755 Ba
Sunflower x Piata palisadegrass 0.855 Ba 0.885 Ba
Sunflower x Xaraes palisadegrass 1.230 Aa 1.515 Aa
CV % 17.51
DM production 3™ cut (kg ha™)

Marandu palisadegrass in monoculture 2.550 Aa 2.650 Aa
Piata palisadegrass in monoculture 2.355Aa 2.750 Aa
Xaraes palisadegrass in monoculture 3.055 Aa 3.400 Aa
Sunflower x Marandu palisadegrass 1.975 Ba 1.950 Ba
Sunflower x Piata palisadegrass 1.860 Ba 1.950 Ba
Sunflower x Xaraes palisadegrass 2.253 Aa 2.900 Aa
CV % 18.70

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.

No differences (p>0.05) in the CP contents were
observed between the different forage systems
and sowing seasons for the first cut (Table 8).
However, for the second and third cut, the Piata
palisadegrass cultivar had higher CP contents than
the remaining cultivars tested, both in monoculture
and in intercropping with sunflower. This resulted
from the higher leafistem ratio of this cultivar
(NANTES et al., 2013), indicating that it is a good

forage plant for use during the inter-harvest. The CP
content observed in the second and third cuts were
similar to the ones reported by Maia et al. (2014),
who evaluated the bromatological composition of
forage plants of the genus Brachiaria at the inter-
harvest, following corn harvesting, in integrated
crop-livestock systems; they observed a mean of 9.0
and 13.4% CP content for September and October,
respectively.
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Table 8. Mean crude protein (CP) contents of Brachiaria brizantha cultivars grown in monoculture and in intercropping

with sunflower during two different sowing seasons.

Sowing seasons

Forage systems

February March
CP contents - 1* cut - harvest (%)
Marandu palisadegrass in monoculture 7.25 Aa 7.90 Aa
Piata palisadegrass in monoculture 8.95 Aa 9.15 Aa
Xaraes palisadegrass in monoculture 7.30 Aa 7.25 Aa
Sunflower x Marandu palisadegrass 7.50 Aa 8.50 Aa
Sunflower x Piata palisadegrass 6.75 Aa 8.75 Aa
Sunflower x Xaraes palisadegrass 7.25 Aa 8.50 Aa
CV % 7.98
CP contents 2" cut (%)
Marandu palisadegrass in monoculture 8.50 Ba 9.05 Ba
Piata palisadegrass in monoculture 11.50 Aa 12.25 Aa
Xaraes palisadegrass in monoculture 9.10 Ba 9.75 Ba
Sunflower x Marandu palisadegrass 9.25Ba 9.50 Ba
Sunflower x Piata palisadegrass 11.25 Aa 12.95 Aa
Sunflower x Xaraes palisadegrass 9.25Ba 9.85Ba
CV % 10.79
CP contents 3™ cut (%)

Marandu palisadegrass in monoculture 11.25 Ba 12.25 Ba
Piata palisadegrass in monoculture 14.10 Aa 14.75 Aa
Xaraes palisadegrass in monoculture 11.35 Ba 12.50 Ba
Sunflower x Marandu palisadegrass 11.50 Ba 11.75 Ba
Sunflower x Piata palisadegrass 13.65 Aa 13.90 Aa
Sunflower x Xaraes palisadegrass 11.75 Ba 11.25 Aa
CV % 9.75

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.

The NDF contents of the first cut were influenced
(p<0.05) by the forage system (Table 9). The
lowest NDF contents were observed in the Piata
palisadegrass cultivar, both under monoculture and
intercropping with sunflower from the February
sowing treatment. For the second and third cut,
the lowest NDF contents were observed for the
Piata palisadegrass cultivar under monoculture,
independent of the sowing season. These results
are related to the higher proportion of leaves,
which contributed to decreased fiber content. The

NDEF is essential for the improvement of the forage
nutritional value because pastures with higher fiber
content occupy the area for longer periods of time
and limit the intake rates of animals (LIMA et al.,
2002). The observed NDF wvalues were similar
to previously reported values for the Marandu
palisadegrass cultivar in intercropping with corn
(BORGHI et al., 2006; PARIZ et al., 2011).

Lower forage NDFs were observed for the second
and third cut compared with the first cut (Table 9).
This was due to the high resprouting rate (CHIARI
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et al., 2008) favored by the beginning of the rainy
season. This confirms that sunflower intercropping
with Brachiaria is an excellent alternative for

integrated crop-livestock systems at the interim
harvest with the goal of producing quality feed at
the inter-harvest.

Table 9. Mean neutral detergent fiber (NDF) contents of Brachiaria brizantha cultivars grown in monoculture and in
intercropping with sunflowers in two different sowing seasons.

Sowing seasons

Forage systems

February March
NDF contents 1* cut - harvest (%)
Marandu palisadegrass in monoculture 72.00 Aa 72.25 Aa
Piata palisadegrass in monoculture 67.75 Ba 67.05 Ba
Xaraes palisadegrass in monoculture 73.25 Aa 72.75 Aa
Sunflower x Marandu palisadegrass 72.55 Aa 72.50 Aa
Sunflower x Piata palisadegrass 67.15 Ba 67.00 Aa
Sunflower x Xaraes palisadegrass 73.25 Aa 73.05 Aa
CV % 4.52
NDF contents 2™ cut (%)
Marandu palisadegrass in monoculture 68.00 Aa 69.50 Aa
Piata palisadegrass in monoculture 64.25 Ba 63.50 Ba
Xaraes palisadegrass in monoculture 69.75 Aa 70.00 Aa
Sunflower x Marandu palisadegrass 70.50 Aa 69.75 Aa
Sunflower x Piata palisadegrass 68.50 Aa 67.80 Aa
Sunflower x Xaraes palisadegrass 70.50 Aa 70.00 Aa
CV % 4.81
NDF contents 3™ cut (%)

Marandu palisadegrass in monoculture 68.50 Aa 67.00 Aa
Piata palisadegrass in monoculture 62.70 Ba 62.25 Ba
Xaraes palisadegrass in monoculture 68.25 Aa 69.15 Aa
Sunflower x Marandu palisadegrass 68.50 Aa 67.25 Aa
Sunflower x Piata palisadegrass 67.50 Aa 66.50 Aa
Sunflower x Xaraes palisadegrass 69.25 Aa 69.50 Aa
CV % 522

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.

No differences (p>0.05) in ADF contents were
observed for the first cut for all forage systems and
sowing seasons (Table 10). However, for the second
and third cut, lower ADF contents were observed
for the Piata palisadegrass cultivar, both under
monoculture and with intercropping.

Starting with the second and third cut, the ADF

contents were lower than 40%. This indicates that
intercropping B. brizantha cultivars with sunflower
is a good option for supplying quality feed during the
inter-harvest, because after the sunflower harvest,
the new tillers emerge, resulting in the production of
forage with good digestibility, even during periods
when rainfall is not stable.
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Table 10. Mean acid detergent fiber (ADF) contents of Brachiaria brizantha cultivars grown in monoculture and
intercropping with sunflower, in two different sowing seasons.

Sowing seasons

Forage systems

Sowing seasons

Sowing seasons

ADF contents 1* cut - harvest (%)

Marandu palisadegrass in monoculture 43.75 Aa 42.75 Aa
Piata palisadegrass in monoculture 42.75 Aa 40.25 Aa
Xaraes palisadegrass in monoculture 43.50 Aa 41.75 Aa
Sunflower x Marandu palisadegrass 43.25 Aa 41.50 Aa
Sunflower x Piata palisadegrass 42.25 Aa 40.50 Aa
Sunflower x Xaraes palisadegrass 42.50 Aa 42.50 Aa
CV % 4.60
ADF contents 2" cut (%)
Marandu palisadegrass in monoculture 40.25 Aa 40.75 Aa
Piata palisadegrass in monoculture 37.00 Ba 36.10 Ba
Xaraes palisadegrass in monoculture 40.75 Aa 41.00 Aa
Sunflower x Marandu palisadegrass 40.50 Aa 40.75 Aa
Sunflower x Piata palisadegrass 37.75 Ba 36.50 Ba
Sunflower x Xaraes palisadegrass 40.50 Aa 40.25 Aa
CV % 3.24
ADF contents 3 cut (%)

Marandu palisadegrass in monoculture 39.00 Aa 38.25 Aa
Piata palisadegrass in monoculture 35.50 Ba 34.00 Ba
Xaraes palisadegrass in monoculture 40.50 Aa 39.50 Aa
Sunflower x Marandu palisadegrass 39.25 Aa 38.25 Aa
Sunflower x Piata palisadegrass 35.00 Ba 33.75 Ba
Sunflower x Xaraes palisadegrass 39.25 Aa 39.75 Aa
CV % 6.56

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing
seasons) are significantly different according to a Tukey’s test, at p<0.05.

The Piata cultivar had significantly higher
IVDMD than the other forage systems, for all cuts,
both under monoculture and with intercropping
with sunflower (Table 11). This result was most
likely due to the higher CP contents and lower
fiber fractions observed for this cultivar. No
other significant differences in the IVDMD were

observed. Increased digestibility is associated
with changes in chemical composition, such as
decreased NDF, ADF and hemicellulose contents,
which would make readily digestible carbohydrates
available to rumen microorganisms (FERNANDES

etal., 2002).
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Table 11. Mean in vitro dry mater digestibility (IVDMD) of Brachiaria brizantha cultivars grown in monoculture and
in intercropping with sunflowers, in two different sowing seasons.

Sowing seasons

Forage systems

Sowing seasons Sowing seasons
IVDMD 1% cut - harvest (%)
Marandu palisadegrass in monoculture 51.75 Ba 52.25 Ba
Piata palisadegrass in monoculture 58.25 Aa 59.50 Aa
Xaraes palisadegrass in monoculture 52.25 Ba 51.00 Ba
Sunflower x Marandu palisadegrass 51.25 Ba 51.75 Ba
Sunflower x Piata palisadegrass 57.25 Aa 58.00 Aa
Sunflower x Xaraes palisadegrass 51.00 Ba 51.75 Ba
CV % 3.83
IVDMD 2" cut (%)
Marandu palisadegrass in monoculture 59.00 Ba 61.75 Ba
Piata palisadegrass in monoculture 66.75 Aa 68.25 Aa
Xaraes palisadegrass in monoculture 59.50 Ba 61.75 Ba
Sunflower x Marandu palisadegrass 60.50 Ba 60.25 Ba
Sunflower x Piata palisadegrass 66.00 Aa 68.00 Aa
Sunflower x Xaraes palisadegrass 61.25 Ba 62.25 Ba
CV % 4.22
IVDMD 3" cut (%)

Marandu palisadegrass in monoculture 62.50 Ba 63.00 Ba
Piata palisadegrass in monoculture 69.50 Aa 69.00 Aa
Xaraes palisadegrass in monoculture 63.75 Ba 63.50 Ba
Sunflower x Marandu palisadegrass 62.00 Ba 62.50 Ba
Sunflower x Piata palisadegrass 70.25 Aa 68.75 Aa
Sunflower x Xaraes palisadegrass 62.75 Ba 60.75 Ba
CV % 6.56

Means followed by different upper case letters in the same column (forage systems) and lower case letters in the same row (sowing

seasons) are significantly different according to a Tukey’s test, at p<0.05.

Conclusions

Intercropping of sunflower with B. brizantha
cv. Xaraes negatively affected the agronomic
characteristics of sunflower. The Marandu
palisadegrass and Piata palisadegrass cultivars are
therefore recommended for intercropping with
sunflower.

B. brizantha cv. Xaraes is most indicated for
forage production, and B. brizantha cv. Piata is most
indicated for the production of forage with a higher

nutritional value.

Sowing in March resulted in better sunflower
cultivation in the intercropping results, with
no effect on the productive and nutritional
characteristics of the forage.

The intercropping of sunflower with B.
brizantha cultivars in the interim harvest was
found to be a promising cultivation method for
achene and forage production at the inter-harvest
in the Center-West region of Brazil.
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