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Intercropping systems have become an interesting alternative for grain and forage production because they are sustainable systems
that reduce carbon emissions in degraded pasture areas. However, few studies have used forage species recently introduced into the
market, and more studies that assess the performances of these species in integrated systems are needed. Therefore, the objective of
this study was to evaluate the agronomic characteristics of intercropped sorghum and Paiaguas palisadegrass (including the species
name) in a crop-livestock integration system for pasture recovery. The field experiment was conducted in the municipality of Rio Verde,
Goids, Brazil, using a randomized block design with four replications. The treatments consisted of the following forage systems:
monocropping of sorghum, monocropping of Paiaguas palisadegrass, row intercropping of sorghum with Paiaguas palisadegrass,
interrow intercropping of sorghum with Paiaguas palisadegrass and intercropping of sorghum with oversown Paiaguas palisadegrass. To
obtain a desired population of 240,000 plants ha®, 12 seeds of sorghum and 5 kg of viable pure seeds of the forage species were
planted per meter and hectare, respectively. The growth of Paiaguas palisadegrass in the same row as sorghum reduced the sorghum
grain yield. The intercropping of sorghum with oversown Paiaguas palisadegrass hindered the initial development of Paiaguas
palisadegrass in terms of plant height and number of tillers due to shading, and this effect was reflected in the dry mass production.
Row and interrow intercropping provided higher dry mass production without affecting the forage quality. Therefore, the interrow
intercropping of sorghum with Paiaguas palisadegrass was found to be a promising agricultural technique for grain and forage
production that could be used for the establishment of new pastures or pasture recovery.

Keywords: Brachiaria brizantha; Grain yield; Integrated systems; Sorghum bicolor; Tropical forage.

The agricultural sector has been attempting to meet the production system. The problem becomes apparent in some
world’s growing demands for grains, meat, milk, wood, fiber situations, such as when the stocking rate is less than 1.0
and bioenergy. In addition, there is a need to increase animal units per hectare. However, these livestock production
productivity without the establishment of new areas or areas show enormous potential for tripling the country’s crop
deforestation to expand agricultural frontiers (Cordeiro et al., and livestock production yields and for meeting the demand
2015). In this context, diversifying the land uses in agricultural for food in a more sustainable manner (Balbinot Junior et al.,
areas and increasing the efficiency and resilience of production 2009). Therefore, the crop-livestock integration system has
systems can contribute to the harmonization of these emerged as an alternative for promoting pasture recovery,
interests. The crop-livestock integration system has emerged diversifying areas currently planted with only one type of
as a technology for strengthening agribusiness in a path Brachiaria (Pacheco et al., 2008) and producing forage/straw
toward sustainability (Vilela et al., 2011). Integrated no-till in the off-season in succession with soybean for maintenance
crop and livestock production systems might help rejuvenate of the no-tillage system (Horvathy Neto et al., 2014; Silva et al.,
degraded pastures, increase the land use efficiency (LUE), and 2014; Borges et al., 2016). This technique also stands out as a
increase an enterprise’s revenue (Crusciol et al., 2014). In sustainable and competitive technology that can help
addition, this technique was adopted by Brazil to reduce the strengthen the Brazilian agribusiness (Almeida et al., 2012).
emission of greenhouse gases based on the National Policy on The seeding of annual crops intercropped with tropical forages
Climate Change (NPCC) (Silva et al., 2018). The degradation of is an efficient and economically feasible technique that can
pastures is one of the biggest problems in Brazilian livestock alter the carbon stocks and the emission of greenhouse gases
production and directly affects the sustainability of a from the soil to the atmosphere and thereby lead to a
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decrease in global warming and sustainable agricultural and
livestock production (Carvalho et al., 2010). Among the annual
crops used in integrated systems, sorghum is an excellent
choice for the production of grains (Silva et al., 2015a; Silva et
al., 2015b), forage (Ribeiro et al., 2015) and silage (Ribeiro et
al., 2017), particularly in areas where water deficits and low
soil fertility pose greater risks for the cultivation of other crops.
In addition to sorghum, Brachiaria species exhibit excellent
adaptation to Cerrado (Brazilian savanna) soils, are easily
established and contribute to water infiltration and soil
aggregation and aeration due to their large root systems
(Stumpf et al., 2016). Brachiaria brizantha cv. BRS Paiaguas is
one such species, and this grass presents satisfactory results in
terms of yield (Costa et al., 2016a; Guarnieri et al., 2019) and
greater regrowth during periods of forage shortage.
Consequently, this grass leads to greater weight gains per
animal and area (Euclides et al., 2016).

Paiaguas palisadegrass is considered an excellent forage for
crop-livestock integration because this grass does not affect
the development of annual crops (Costa et al., 2016a; Santos
et al., 2016), is easily desiccated (Machado and Valle, 2011)
and shows a higher forage accumulation rate and good leaf
percentages and dry mass yields compared with other forages
(Euclides et al., 2016).

Identification of the optimal method for sowing sorghum
intercropped  with  Paiaguas palisadegrass will allow
exploration of the use of this species for grain production and
forage in the off-season. Therefore, the objective of this study
was to evaluate the agronomic characteristics of intercropped
sorghum and Paiaguas palisadegrass in a crop-livestock
integration system for pasture recovery.

This study was based on the hypothesis that different types of
sowing affect the sorghum grain yield and the production and
quality of Paiaguas palisadegrass. Integrated production
systems positively influence the grain vyields, and the
harvesting of the area induces pasture recovery.

Agronomic characteristics of sorghum

An analysis of variance showed that the forage systems had no
significant effect (p>0.05) on the plant height at 30, 60 and 90
days after sowing (DAS), the plant population size at 30 and 90
DAS, the final stalk diameter, the panicle length, the final
population size, the number of grains per panicle and the
1000-grain weight. However, the forage systems exerted an
effect (p<0.05) on the plant population size and stem diameter
at 60 DAS (Table 1), the final plant height (Table 2), the plant
population size and stem diameter at 60 DAS (Table 1) and the
grain yield (Table 2). The lowest values for the plant population
and stem diameter at 60 DAS were obtained with the row
intercropping of sorghum with Paiaguas palisadegrass (Table
1). In addition to this last variable, the interrow system
provided results that were similar to those obtained with
sorghum monocropping but yielded values that were higher
than those obtained with the other treatments. The evaluation
of the grain yield indicated that the lowest yield was obtained
with the row intercropping of sorghum with Paiaguas
palisadegrass (Table 2). However, no significant differences in
grain yield (p>0.05) were found among the interrow and
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oversown intercropping and the sorghum

monocropping system.

systems

Forage production and quality

The evaluation of the characteristics of Paiaguas palisadegrass
revealed significant differences (p<0.05) in the plant height at
30 and 60 DAS and the number of tillers at 30, 60 and 90 DAS
(Table 3). The row and interrow intercropping of sorghum with
Paiaguas palisadegrass yielded the highest plant heights at 30
and 60 DAS. In contrast, this trend was not obtained with the
oversown intercropping system, which yielded the lowest
values, similar to those obtained with the Paiaguas
palisadegrass monocropping system (Table 3).

The lowest number of tillers at 30 DAS was obtained with the
oversown intercropping system. The numbers of tillers 60 and
90 DAS obtained with the row and interrow intercropping
systems were similar to each other but lower than those
obtained with the oversown intercropping system and the
Paiaguas palisadegrass monocropping systems, which yielded
larger numbers of tillers (Table 3).

The analysis of the productive characteristics of Paiaguas
palisadegrass at the time of sorghum harvest (first cut) and at
the time of the second and third cuttings showed significant
differences (p>0.05) between the forage systems with respect
to various production variables, namely the dry mass, plant
height, leaf blade-to-stem ratio and number of tillers (Table 4).
The lowest dry production yield at the time of the first cutting
was obtained with the intercropping of sorghum with
oversown Paiaguas palisadegrass (Table 4). At the time of the
other cuttings, no significant differences (p>0.05) were
observed between the forage systems. The analysis of the
different cuttings revealed that significantly higher production
(p<0.05) was obtained at the time of the first cutting compared
with the times of the other cuttings. The intercropping of
sorghum with oversown Paiaguas palisadegrass resulted in the
lowest plant height. However, similar plant heights were
obtained with the row and interrow intercropping systems and
the Paiaguas palisadegrass monocropping system (p>0.05).
The comparison of the cuttings revealed that the highest plant
height was detected at the time of the first cutting, and this
finding was obtained with all tested forage systems. The
highest leaf blade-to-stem ratio was obtained with the
Paiaguas palisadegrass monocropping system, and this value
significantly differed (p<0.05) from those obtained with the
intercropping systems. The oversown intercropping system
yielded a lower value for this variable at the time of the second
cutting, whereas similar values were obtained among the
various forage systems at the time of the third cutting (p>0.05)
(Table 4). The analysis of the various cuttings showed that
similar leaf blade-to-stem ratios were obtained at the times of
the first and second cuttings with the Paiaguas palisadegrass
monocropping system and that this value was higher than that
obtained at the time of the third cutting. For the row and
interrow systems, only the first cut differed from the other
cuts. In the oversown system, no significant difference
(p>0.05) between cuts was observed. The row and oversown
intercropping systems yielded lower numbers of tillers at the
times of the first and second cuttings. The forage systems had
no effect on this variable at the time of the third cutting, as
demonstrated by the finding that similar values were obtained



for this variable with all tested forage systems (p>0.05).
Moreover, no significant differences (p>0.05) in the numbers
of tillers at the various cutting times were obtained between
the forage systems (Table 4).

The analysis of forage quality showed no significant differences
(p>0.05) in the CP levels between the forage systems at the
three cutting times (Table 5). The comparison of the cuttings
showed that a lower CP was obtained at the time of the first
cutting and that this value differed from those obtained at the
time of the second and third cuttings, at which time similar
values were obtained.

The forage systems did not affect (p>0.05) the NDF, ADF or
DMDIV at any cutting time (Table 5). However, the comparison
of the cuttings showed that higher fiber content and
consequently a lower DMDIV were detected at the time of the
first cutting, and this finding was obtained for all tested
systems.

The forage system did not have an effect on the plant height at
30, 60 and 90 DAS or on the plant population size at 30 and 90
DAS. The faster emergence of sorghum compared with
Paiaguas palisadegrass contributed to the lack of an effect on
the height and population size of the sorghum plants in all
sowing systems (Table 1). In addition, the shading caused by
the taller sorghum plants at the initial phase of development
suppressed the growth of Paiaguas palisadegrass.

The lower values obtained for the plant population size and
stem diameter at 60 DAS with the row intercropping of
sorghum with Paiaguas palisadegrass might be due to greater
competition between the species. High growth and stem
elongation rates were obtained from the initiation of floral
differentiation of sorghum until flowering (reproductive
phase). The lack of water, light and nutrients at this stage
directly affects the development of sorghum, and this effect is
accentuated by the simultaneous cultivation of two species in
the area.

However, the difference in stem diameter at 60 DAS was not
observed at the time of sorghum harvest, which demonstrated
that the plants have the ability to recover from their
competition with other plants in the intercropped system. The
stem is a reserve storage structure, and a larger diameter
reflects a greater storage capacity for photoassimilates.
Therefore, larger diameters contribute considerably to grain
filling and thus to increases | n the grain yield (Gimenes et al.,
2008).

Through an evaluation of the row and interrow intercropping
of sorghum with various cultivars of Brachiaria brizantha
(Marandu palisadegrass, Xaraes palisadegrass and Piata
palisadegrass), Ribeiro et al. (2015) found that only the row
intercropping system with Xaraes palisadegrass decreased the
stem diameter of sorghum plants. In the same study, interrow
sowing generated less competition with the sorghum plants,
which demonstrated the viability of interrow intercropping.
The same trend was observed with the final plant height. Row
intercropping with Paiaguas palisadegrass reduced the height
of the sorghum plants (Table 2) due to greater competition for
water, light, nutrients and physical space between the
sorghum and Paiaguas palisadegrass plants. These effects
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resulted in decreases in the development of the plants, stem
diameter, population size and final plant height.

Importantly, the plant population size is an important variable
for determining the sorghum crop vyield. This measure is
especially important when using early cultivars, such as Buster,
because these variables exhibit an inverse relationship. In turn,
a higher stem diameter is related to greater tolerance to the
lodging of sorghum plants, which is an undesirable
characteristic at the time of harvest due to higher grain losses
(Silva et al., 2013).

The lower sorghum grain vyield obtained with the row
intercropping system was associated with competition
between plant species, similar to the results found for the final
plant height. This finding also demonstrates the effect of
competition between species when these are sown in the
same row. Although Paiaguas palisadegrass was sown at a
depth of 6 cm, it still affected the development of sorghum
because the sowing of Paiaguas palisadegrass was conducted
during a period that provided good water availability and
adequate temperatures for the development of both species
(Figure 1). In addition, the forage grass has a deep fasciculated
root system, which, when combined with good water and
nutrient availability in soil, favors plant development (Costa et
al.,, 2016b). For an intercropping system of sorghum with
Brachiaria ruziziensis, Borges et al. (2016) also found that
sowing the grass in the same row decreased the sorghum grain
yield.

The beneficial effects of the weather conditions provided by
early sowing can be observed in the sorghum grain vyield.
Although inter-species competition was observed, the
sorghum grain yield obtained in this study was higher than
those obtained in other studies with the same crops
performed in the Center-West region (Horvathy Neto et al.,,
2012; Silva et al., 2013; Silva et al., 2014).

The lack of significant differences in the grain yield between
the sorghum monocropping system and the interrow and
oversown intercropping systems confirm that these sowing
strategies are promising for increasing grain production (Table
2). In some cases, the consortium increases the sorghum grain
yield, as observed by Borghi et al. (2013). These results
indicate that the association of the Buster hybrid with Paiaguas
palisadegrass is feasible for cultivation of the second crop. In
this study, the forage did not induce a reduction in the grain
yield.

The higher plant heights of Paiaguas palisadegrass at 30 and 60
DAS obtained with the row and interrow intercropping systems
were due to the effect of shading produced by the sorghum
plants, which caused etiolation of the plants. A similar effect
was reported by Horvathy Neto et al. (2012), who found that
the intercropping of sorghum with Brachiaria brizantha cv.
Marandu and Brachiaria ruziziensis provided taller plants
compared with those obtained with the corresponding
monocropping systems.

The lower number of tillers at 30 DAS obtained with the
oversown intercropping system can be explained by the
shading caused by the taller sorghum plants (Table 3). The
decrease in solar radiation caused by the sorghum plants in the
intercropping systems reduces the amount of incident
radiation on the basal third of the plants and thereby
suppresses the formation of tillers in the axillary buds of the
Brachiaria plants (Soares et al., 2009).



Table 1. Mean plant height, plant population size and stem diameter of sorghum at 30, 60 and 90 days after sowing (DAS;
corresponding to the vegetative, reproductive and maturation stages, respectively) in the monocropping system and various
intercropping systems with Paiaguas palisadegrass.

Forage systems DAS
30 60 90
Plant height (cm)
Sorghum monocropping 60.30 89.75 92.57
Sorghum x Paiaguas palisadegrass in rows 58.00 88.00 92.37
Sorghum x Paiaguas palisadegrass in inter rows 59.00 83.00 98.45
Sorghum x Paiaguas palisadegrass oversown 60.25 92.25 88.37
Mean 59.39 88.25 92.94
CV (%) 2.67 8.98 2.67
Population size (plants ha™)
Sorghum monocropping 172.00 165.00 a 160.00
Sorghum x Paiaguas palisadegrass in rows 170.00 154.00 b 150.00
Sorghum x Paiaguas palisadegrass in inter rows 175.00 170.00 a 150.00
Sorghum x Paiaguas palisadegrass oversown 180.00 165.00 a 145.00
Mean 174.25 163.50 151.25
CV (%) 11.74 7.22 11.74
Stem diameter (mm)
Sorghum monocropping 18.73 22.99a 15.72
Sorghum x Paiaguas palisadegrass in rows 17.03 19.50 b 16.30
Sorghum x Paiaguas palisadegrass in inter rows 19.11 21.20a 16.20
Sorghum x Paiaguas palisadegrass oversown 17.18 1891b 15.12
Mean 18.01 20.65 15.83
CV (%) 7.44 7.28 7.44
Means followed by different letters in the same column differ from each other, as demonstrated by Tukey’s test at 5% probability.
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Fig 1. Rainfall and mean temperatures in Rio Verde, Goias, Brazil, from January to July 2015.

Table 2. Mean final plant height (FPH), final stem diameter (FSD), panicle diameter (PD), panicle length (PL), final population size (FPS), number of grains
per panicle (NGP), 1000-grain weight (TGW) and grain yield (YIELD) of sorghum in different forage systems.

Forage systems FPH (cm) FSD (m) PD (mm)
Sorghum monocropping 91.80a 16.02 63.47
Sorghum x Paiaguas palisadegrass in rows 86.80 b 15.30 53.42
Sorghum x Paiaguas palisadegrass in inter rows 93.90a 14.65 54.47
Sorghum x Paiaguas palisadegrass oversown 88.45b 16.52 58.92
Mean 89.99 15.62 57.57
CV (%) 3.48 8.60 10.45
PL (cm) FPS NGP
(plants ha)
Sorghum monocropping 27.70 160.00 12.62
Sorghum x Paiaguas palisadegrass in rows 27.05 150.00 9.37
Sorghum x Paiaguas palisadegrass in inter rows 26.60 150.00 8.75
Sorghum x Paiaguas palisadegrass oversown 27.10 145.00 12.37
Mean 27.11 151.25 10.77
CV (%) 7.39 7.34 25.87
TGW (g) YIELD (kg ha™)
Sorghum monocropping 28.50 6,219 a
Sorghum x Paiaguas palisadegrass in rows 24,20 4,598 b
Sorghum x Paiaguas palisadegrass in inter rows 29.24 6,241 a
Sorghum x Paiaguas palisadegrass oversown 26.36 5,746 a
Mean 27.07 5,701
CV (%) 11.30 6.43

Means followed by the same lowercase letter in the same row do not differ from each other, as demonstrated by Tukey’s test at 5% probability.
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Table 3. Mean plant height and number of tillers of Paiaguas palisadegrass at 30, 60 and 90 days after sowing (DAS) in monocropping and various
intercropping systems with sorghum.

Forage systems 30 DAS 60 DAS 90 DAS
Plant height (cm)
Paiaguas palisadegrass monocropping 24.25 ab 86.25 b 88.62
Sorghum x Paiaguas palisadegrass in rows 29.00 a 92.50 a 109.82
Sorghum x Paiaguas palisadegrass in inter rows 28.50 a 96.50 a 111.52
Sorghum x Paiaguas palisadegrass oversown 18.25b 42.00c 99.77
CV (%) 13.60 7.38 14.32
Number of tillers (m)
Paiaguas palisadegrass monocropping 54.25 a 80.25a 108.25 a
Sorghum x Paiaguas palisadegrass in rows 48.00 a 54.75 b 84.00 b
Sorghum x Paiaguas palisadegrass in inter rows 47.75a 54.25b 83.25b
Sorghum x Paiaguas palisadegrass oversown 30.00 b 40.75 ¢ 54.25c
CV (%) 16.38 25.74 19.31

Means followed by the same lowercase letter in the same row do not differ from each other, as demonstrated by Tukey’s test at 5% probability.

Table 4. Dry mass production, plant height, leaf blade-to-stem ratio and number of tillers of Paiaguas palisadegrass in the different forage systems and
various cutting times.

Forage systems 1% cut 2" cut 3" cut
Dry mass production (kg ha®)
Paiaguas palisadegrass monocropping 5000 Aa 3970 Ab 3130 Ab
Sorghum x Paiaguas palisadegrass in rows 5340 Aa 3800 Ab 2930 Ab
Sorghum x Paiaguas palisadegrass in inter rows 5040 Aa 4320 Aab 3480 Ab
Sorghum x Paiaguas palisadegrass oversown 3390 Ba 4320 Aa 2750 Aa
CV (%) 20.06
Plant height (cm)
Paiaguas palisadegrass monocropping 89.85 Aa 66.70 Ab 50.5 Ac
Sorghum x Paiaguas palisadegrass in rows 86.55 Aa 67.05 Ab 53.20 Ac
Sorghum x Paiaguas palisadegrass in inter rows 80.85 Aa 68.05 Ab 51.15 Ac
Sorghum x Paiaguas palisadegrass oversown 69.60 Ba 50.76 Bb 38.35 Bc
CV (%) 11.22
Leaf blade-to-stem ratio
Paiaguas palisadegrass monocropping 2.07 Aa 2.20 Aa 1.19 Ab
Sorghum x Paiaguas palisadegrass in rows 1.82Ba 1.26 Bb 1.10 Ab
Sorghum x Paiaguas palisadegrass in inter rows 1.90 Ba 1.50 Bab 1.21 Ab
Sorghum x Paiaguas palisadegrass oversown 1.15Ba 0.93Ca 0.99 Aa
CV (%) 20.16
Number of tillers (m)
Paiaguas palisadegrass monocropping 207.25 Aa 231.00 Aa 189.50 Aa
Sorghum x Paiaguas palisadegrass in rows 161.00 Ba 169.50 Ba 180.25 Aa
Sorghum x Paiaguas palisadegrass in inter rows 185.50 Aba 215.50 Aa 186.50 Aa
Sorghum x Paiaguas palisadegrass oversown 157.25 Ba 147.00 Ba 173.75 Aa
CV (%) 16.81

Means followed by different uppercase letters in the same column (forage systems) and by lowercase letters in the same row (cuts) differ from each other, as demonstrated by Tukey’s test at 5% probability.

Table 5. Crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF) and in vitro dry matter digestibility (DMDIV) of Paiaguas
palisadegrass in the different monocropping and intercropping forage systems and various cutting times.

Forage systems 1% cut 2" cut 3" cut

CP (g kg™ DM)
Paiaguas palisadegrass monocropping 98.1b 109.7 a 104.5a
Sorghum x Paiaguas palisadegrass in rows 97.8b 1159a 106.6 a
Sorghum x Paiaguas palisadegrass in inter rows 96.3 b 1104 a 104.4 a
Sorghum x Paiaguas palisadegrass oversown 92.1b 1143 a 107.5a
CV (%) 9.26

NDF (g kg™ DM)
Paiaguas palisadegrass monocropping 727.2a 659.7 b 675.4b
Sorghum x Paiaguas palisadegrass in rows 722.2a 665.8 b 694.5 b
Sorghum x Paiaguas palisadegrass in inter rows 705.2 a 667.6 b 694.6 b
Sorghum x Paiaguas palisadegrass oversown 708.8 a 676.4b 697.7b
CV (%) 2.48

ADF (g kg™ DM)
Paiaguas palisadegrass monocropping 451.1a 401.7b 408.4b
Sorghum x Paiaguas palisadegrass in rows 457.2 a 389.8b 407.1b
Sorghum x Paiaguas palisadegrass in inter rows 4446 a 390.1b 407.1b
Sorghum x Paiaguas palisadegrass oversown 466.5 a 388.7b 404.8 b
CV (%) 3.75

DMDIV (g kg DM)

Paiaguas palisadegrass monocropping 469.7 b 543.3a 510.1a
Sorghum x Paiaguas palisadegrass in rows 480.8 b 563.5a 529.9a
Sorghum x Paiaguas palisadegrass in inter rows 4775b 552.6a 517.3a
Sorghum x Paiaguas palisadegrass oversown 461.2 b 538.0a 522.8a
CV (%) 4.93

Means followed by different lowercase letters in the same row (cuts) differ from each other, as demonstrated by Tukey's test at 5% probability.
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Conversely, the higher number of tillers at 60 and 90 DAS
observed with the Paiaguas palisadegrass monocropping
system was due to the higher light incidence on the basal
portion of the plants compared with that observed with the
intercropping systems. This increase favors the sprouting of
new lateral buds, which resulted in the generation of new
tillers.

The lower dry matter production at the time of the first cutting
obtained with the intercropping of sorghum with oversown
Paiaguas palisadegrass (Table 4) was due to the 15-day delay in
the sowing of this forage system. This result proves that only
this sowing strategy does not contribute to the good
development of the forage. In contrast, the row and interrow
intercropping of sorghum with Paiaguas palisadegrass was
advantageous because these systems did not affect the dry
mass production of Paiaguas palisadegrass.

The production of forage in the off-season obtained by cutting
the forage is of0 paramount importance for animal feed. At
the time of the first cutting (May 5), forages commonly exhibit
decreased growth in Central Brazil due to the lower availability
of water in the region. This decrease leads to a low availability
of forage, which affects animal performance. Hence,
intercropping is important because it provides forage in
addition to grains.

The higher dry mass production at the time of the first cutting
obtained with the Paiaguas palisadegrass monocropping
system is attributed to the free growth of the plants until the
first cut is made. In crop-livestock integration systems, the
area is used for forage production after the grain harvesting, as
highlighted by Vilela et al. (2011). Paiaguas palisadegrass
presented satisfactory dry mass production (4.146 and 3.053
kg ha™ at the time of the second and third cuttings,
respectively) even during periods of low rainfall (Figure 1) after
the sorghum harvest, which are common in the Central-West
region. This result indicates that the simultaneous growth of
annual and forage crops in the same area can be viable for
forage production in addition to reducing the cost of pasture
establishment.

The highest leaf blade-to-stem ratio was obtained with the
Paiaguas palisadegrass monocropping system, and this finding
was due to the free growth of the plants in this cultivation
system, which allowed greater elongation of the leaf blades
(Table 4). The higher ratio obtained with the Paiaguas
palisadegrass monocropping system at the time of the first and
second cuttings was associated with the greater development
of forage during these periods, which allowed the plants to
develop a leaves with a greater area relative to the stem size.
The absence of significant differences in the bromatological
variables (CP, NDF, ADF and DMDIV) between the different
forage systems shows that Paiaguas palisadegrass can be
intercropped with sorghum in different sowing systems
without hindering forage development and demonstrates the
viability of using this grass in intercropping systems.

The lower crude protein levels detected at the time of the first
cutting are associated with the faster growth of Paiaguas
palisadegrass from sowing to sorghum harvest, and this
growth results in a greater leaf blade-to-stem ratio. During this
period, the forage was allowed to grow freely, which increased
the number of stems and thus the dry mass. These increases
negatively influenced the forage quality due to a decrease in
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the crude protein content, which would result in a decrease in
the dry matter intake by animals.

The crude protein content in forage is important because
ruminal cellulolytic bacteria undergo satisfactory development
if the content is equal to or greater than 70 g kg'1 (Van Soest,
1994), and the levels in Paiaguas palisadegrass obtained in all
forage systems met these nutritional requirements.

The lower fiber fraction and higher in vitro dry matter
digestibility at the time of the second and third cuttings (Table
5) relative to those at the time of the first cutting could be
explained by the shorter development time of the grass (28
days). This result is associated with changes in the chemical
composition of the fraction, which showed decreases in the
neutral and acid detergent fiber contents.

In addition, Paiaguas palisadegrass was allowed to grow freely
for more than 100 days. When Paiaguas palisadegrass was cut
after sorghum harvest, new tillers were formed. This growth
provided better forage quality, even during periods with low
rainfall, and this finding shows the potential of using Paiaguas
palisadegrass for producing forage under these conditions.

The results obtained with the three cuttings of the forage
showed that the intercropping of sorghum with Paiaguas
palisadegrass could be considered an excellent alternative
strategy for supplying food in the off-season. Additionally, we
need to emphasize the importance of intercropping systems
for pasture establishment. The pasture that is obtained after
an annual crop is harvested can be used in the off-season,
which is a period characterized by low forage availability due
to low water availability in the region.

This study demonstrates the importance of crop-livestock
integration systems for grain production and new pasture
establishment. In addition, the system provides increased land
use, a higher agricultural efficiency, greater soil carbon fixation
and reduced greenhouse gas emissions from soil to the
atmosphere (Carvalho et al., 2010). These findings support the
need to adopt sustainable agricultural systems for food
production (Vilela et al., 2011). Other studies have shown the
viability of crop-livestock integration systems as a promising
agricultural technique for the production of grains and forage
with good nutritive values in the Central-West region of Brazil
(Silva et al., 2014; Borges et al., 2016; Costa et al., 2016; Santos
et al., 2016; Silva et al., 2017; Guarnieri et al., 2019).

Site description

The experiment was conducted in the livestock production
sector of the Goiano Federal Institute, Rio Verde Campus
(altitude of 748 m, 17°48'S and 050°55'W). The study area was
planted with Brachiaria brizantha cv. Marandu over 40 years
prior to the study and was at an advanced stage of
degradation. During the experiment, the precipitation and
mean monthly temperature data were monitored daily (Figure
1).

The soil was classified as distroferric Red Latosol (Embrapa,
2013). Soil samples were collected at a depth of 0-20 cm to
determine the physicochemical characteristics of the soil in the
experimental area prior to establishment of the forage
systems, and the following results were obtained from the
analysis of the samples: 500 g kg'1 clay, 220 g kg'l silt, 280 g kg



! sand, pH (CaCl,): 5,51; Ca: 2,20 (cmol, dm‘a); Mg: 0,91 (cmol.
dm™); Al: 0,01 (cmol. dm™); Al+H: 3,30 (cmol. dm™); K,0: 0,09
(cmol, dm'3); CTC: 6,51 (cmol. dm'3); P (mehlich): 0,34 mg dm’™;
Cu: 2,2 mg dm™; Zn: 0,4 mg dm’>; Fe: 14,4 mg dm™; 0.M. 28,70
gkg™.

The area was prepared by desiccating the previous crop
(Brachiaria) through application of the herbicide Transorb
(2.058 g a.i. ha™) at a rate of 150 L ha™ Thirty days after
desiccation, harrowing was performed in the experimental
area using a disk harrow followed by a run with a leveling
harrow.

Experimental design and treatments

The experimental design was a randomized block design with
four replications. The treatments consisted of the following
forage  systems:  sorghum monocropping, Paiaguas
palisadegrass monocropping, row intercropping of sorghum
with Paiaguas palisadegrass, interrow intercropping of
sorghum with Paiaguas palisadegrass and intercropping of
sorghum with oversown Paiaguas palisadegrass.

The sorghum hybrid Buster (super-early, small-sized red grains
without tannins) was used in this study. Each plot had an area
of 1042 m? and was divided into 20 enclosures by an electric
fence.

Crop management

Sowing of the forage systems was performed mechanically on
January 24, 2015. The soil was fertilized with 240 kg ha™ P,05
and 20 kg ha™ FTE BR 20 using single superphosphate and frits
as the sources, respectively.

In the monocropping and intercropping systems, sorghum was
sown at a depth of 3 cm, and in the monocropping system,
Paiaguas palisadegrass was sown at the same depth. In the
row intercropping system, the Paiaguas palisadegrass was
sown at a depth of 6 cm, and in the interrow intercropping
system, the grass was sown 0.25 m from the sorghum row and
at a depth of 6 cm. In the oversown intercropping system, the
grass was sown 15 days after the sorghum was sown, at a
distance of 0.25 m between the rows and at a depth of 3 cm.
To obtain a desired population of 240,000 plants ha'l, 12 seeds
of sorghum and 5 kg of viable pure seeds of the forage species
were planted per meter and hectare, respectively. At 15 DAS,
80 kg ha™ nitrogen and 40 kg ha™ K,0 were applied by
broadcasting using urea and potassium chloride as the sources,
respectively.

For weed control during the postemergence period, manual
weeding was performed weekly until 50 DAS. The fall
armyworm (Spodoptera frugiperda) was controlled through
two applications of the insecticides chlorpyrifos (1.0 L ha; 480
g a.i. ha'l) and teflubenzuron (0.050 L hal; 7.5 g a.i. ha'l) at 17
(02/10/2015) and 30 DAS (03/12/2015). Fungi were controlled
via the application of the fungicides azoxystrobin +
cyproconazole (0.50 L ha™; 100 + 40 ga.i. ha™, respectively).

Evaluation of agronomic characteristics of sorghum
The following agronomic characteristics of the sorghum crops

were measured at 30, 60 and 90 DAS during its development
(these time points were used to characterize the vegetative,
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reproductive and maturation stages of the crop, respectively):
plant height (measured from the ground to the end of the
panicle in 10 randomly selected plants), plant population size
(count of the total number of plants per meter transformed
into ha'l) and stem diameter (measurement of the stem
diameter of 10 plants using a digital caliper).

Sorghum was harvested on May 5, 2015. Subsequently, top-
dressing fertilization was performed in all forage systems
through the application of 80 kg ha™ nitrogen and 30 kg ha™
K,O using urea and potassium chloride as the sources,
respectively.

At the time of sorghum harvest, the following productive
characteristics were evaluated: panicle length (measurement
of the length of 10 panicles), panicle diameter (measurement
of the median diameter of the panicle in 10 plants), number of
grains per panicle (threshing of the grains and subsequent
counting), 100-grain weight (weight of a 1000 grains randomly
selected from the yield sample with 13% moisture correction)
and grain yield (weight and threshing of the grains with 13%
moisture correction and conversion to kg ha’l).

Evaluation of forage production and quality

The plant height (measured from the base of the plants to the
receptacle in ten randomly chosen plants) and number of
tillers (count of the number of tillers per mz) of Paiaguas
palisadegrass was evaluated at 30, 60 and 90 DAS
(02/24/2015, 03/24/2015 and 04/23/2015, respectively).

The dry mass production and forage quality of Paiaguas
palisadegrass were evaluated after the first cutting of the grass
on 05/05/2015 (time of sorghum harvest) at the times of the
second and third cuttings (06/03/2015 and 06/31/2015,
respectively).

A chemical analysis was performed to determine the following
variables: dry matter (DM); crude protein (CP), which was
obtained through determination of total N using the micro-
Kjeldahl technique and the fixed conversion factor (6.25);
neutral detergent fiber (NDF), which was determined
according to Mertens (2002); acid detergent fiber (ADF)
(AOAC, 1990); and mineral matter (MM). For assessment of
the in vitro dry matter digestibility (IVDMD), we used the
technique described by Tilley and Terry (1963), which was
adapted for artificial rumen by ANKON® using the Daisy
incubator manufactured by Ankom Technology.

After evaluation of the cuttings, Paiaguas palisadegrass was
allowed to regrow and desiccate for the formation of biomass
for soybean planting during the next crop season.

Statistical analysis

The variables were subjected to analysis of variance using the
R program version R-3.1.1 (2014) with the ExpDes package
(Ferreira et al., 2011). The means were compared by Tukey’s
test at 5% probability. To evaluate the forage at different
seasons during the year, analyses were conducted using a
model of repeated measures over time.

The cultivation of Paiaguas palisadegrass in the same sowing
row as sorghum reduced the sorghum grain vyield. The
intercropping of sorghum with oversown Paiaguas
palisadegrass suppressed the initial development of Paiaguas



palisadegrass in terms of plant height and number of tillers as
a result of shading and consequently affected the production
of dry mass.

The row and interrow intercropping with Paiaguas
palisadegrass provided greater dry mass production without
affecting the forage quality.

Therefore, the interrow intercropping of sorghum with
Paiaguas palisadegrass was found to be a promising
agricultural technique for grain and forage production that
could be used for the establishment of new pastures or
pasture recovery.
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