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RESUMO

OLIVEIRA, Nariane Coelho de. Silagem de sorgo sacarino com forrageiras tropicais.
2021. 40p Dissertagdo (Programa de P6s-Graduagdo em Zootecnia). Instituto Federal de
Educacéo, Ciéncia e Tecnologia Goiano — Campus Rio Verde, Rio Verde, GO, 2021.

A cultura do sorgo sacarino ensilado com forrageiras tropicais, vem se mostrando
alternativa promissora de alimentacdo para a producdo de ruminantes, por proporcionar
melhorias na qualidade da silagem. Neste contexto, objetivou-se avaliar as caracteristicas
fermentativa e valor nutritivo da silagem de sorgo sacarino com niveis de capins Paiaguas
e Ipypora. O experimento foi conduzido no delineamento experimental inteiramente
casualizado, com quatro repeticdes, em esquema fatorial 2 x 6, sendo duas forrageiras
(Paiagués e Ipypord) adicionados ao sorgo em seis niveis (0; 20; 40; 60, 80 e 100%),
totalizando 48 silos experimentais. Apds 50 dias de fermentacdo, os silos foram abertos
para realizacdo das andlises do perfil fermentativo e composicdo bromatolégica. Os
resultados mostraram que a adi¢do dos capins Paiaguas e Ipypora na ensilagem de sorgo
aumentou o pH, capacidade tampédo e N-NH3 e, reduziu os teores de matéria seca, mas
ndo comprometeu as caracteristicas fermentativas das silagens, ficando dentro do padrao
adequado. A adicdo de niveis crescente de capins Paiaguas e Ipypora na ensilagem de
sorgo aumentou os teores de proteina bruta e digestibilidade in vitro da matéria seca
(DIVMS) e diminuiu as fragOes fibrosas (fibra em detergente neutro, fibra em detergente
acido e lignina) e extrato etéreo, sendo recomendando niveis cima de 40%. Entre as
forrageiras, a adicdo de capim-paiaguds na ensilagem de sorgo apresentou maior teor de
proteina bruta e DIVMS. Silagens mistas podem ser uma alternativa eficaz para melhorar

a qualidade da silagem exclusiva de sorgo sacarino.

Palavras-chave: Brachiaria. Capacidade tampdo. Fragdes fibrosas. Nitrogénio

amoniacal. Sorghum bicolor Moench
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ABSTRACT

OLIVEIRA, Nariane Coelho de. Sweet sorghum silage with tropical forages. 2021. 40p
Dissertation (Animal Science Postgraduate Program). Goiano Federal Institute of

Education, Science and Technology - Rio Verde Campus, Rio Verde, GO, 2021.

Ensiling sorghum with tropical forages has been shown to be a promising alternative for
ruminant feed production, as this approach improves the quality of the sorghum silage. In
this context, the goal of this study was to evaluate the fermentation characteristics and
nutritive value of sweet sorghum silage made with different levels of Paiaguas
palisadegrass and Ipypora grass. The experiment was conducted in a completely
randomized 2 x 6 factorial design with four replications. Two forages (Paiaguas
palisadegrass and Ipypora grass) were added to sorghum at six levels (0, 20, 40, 60, 80
and 100%), for a total of 48 experimental silos. After 50 days of fermentation, the silos
were opened, and the fermentation profile and chemical composition of the silage were
analysed. The results showed that the addition of Paiaguas palisadegrass and Ipypora
grass to the sorghum silage increased the pH, buffering capacity and NH3-NT of the
silage and reduced itsdry matter content but did not affect its fermentation characteristics,
which remained within an appropriate range. The addition of increasing levels of Paiaguas
palisadegrass and Ipypora grass to the sorghum silage increased the crude protein and in
vitro dry matter digestibility (IVDMD) of the silage and decreased the fibre fraction
(neutral detergent fibre, acid detergent fibre and lignin) and ether extract contents. Adding
tropical forages to sorghum silage material at levels above 40% is recommended. Among
forage crops, addition of Paiaguas palisadegrass to sorghum silage resulted in higher
content of crude protein and IVDMD. Mixed silages can be an effective alternative to

improve the quality of forage sorghum silage.

Keywords: Brachiaria. Buffering capacity. Fibre fractions. Ammonia nitrogen.
Sorghum bicolor Moench.
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INTRODUCAO GERAL

A pecuaria brasileira vem passando por um processo de intensa modernizacao,
mas grande parte dos sistemas de producdo ainda se baseiam na pecuaria extensiva,
utilizando pastagens em monocultivo (COSTA et al., 2016a). A utilizagao de sistemas em
monocultivo tornam-se desafiadores, principalmente devido a sazonalidade das forragens
(LINHARES et al., 2020) e pelo fato de que grande parte das areas destinadas a pecuaria
estdo atualmente em algum estadio de degradacio (GLERIA et al., 2017).

Assim, as forrageiras tropicais ndo sdo capazes de fornecer qualidade e
quantidades satisfatorias de nutrientes para atender as exigéncias dos animais nos
periodos de escassez hidrica (BOSS et al., 2021). Sdo necessarias alternativas que
atendam a demanda crescente de volumosos ao longo do ano. Sendo assim, a producgéo
de silagem apresenta como alternativa de alimentacdo para suprir o déficit de forragem
no periodo seco do ano (QUINTINO et al., 2016). A conservacao de forragem como
silagem tornou-se método importante e popular de armazenamento de alimentos porque
pode minimizar a perda de nutrientes apos a colheita durante o armazenamento
(RODRIGUES et al., 2020).

O cultivo do sorgo para a producéo de silagem vem ganhando papel de destaque,
principalmente em regides com menor precipitacdo, onde essa cultura se destaca por sua
maior robustez, se revelando como alternativa potencial para alimentacdo de ruminantes
(PERAZZO et al., 2017).

A cultura do sorgo de forma geral apresenta alto rendimento de massa seca por
hectare (BEHLING NETO et al., 2017), menor sensibilidade ao fotoperiodo e a
deficiéncia de agua, além da possibilidade de rebrota e caracteristicas agronémicas
satisfatorias para o plantio durante a safrinha (GOLUBINOVA et al., 2017). Apresenta
também baixa capacidade tampéo, teores de carboidratos sollveis adequados, que sao
caracteristicas ideais de uma boa silagem para favorecer a fermentacdo, destacando-se
como alimento energético importante na alimentagdo de ruminantes (RIBEIRO et al.,
2017).

O sorgo sacarino em particular, é caracterizado pelo alto teor de carboidratos ndo
estruturais que permanecem no caule e nas folhas em forma de agUcares soluveis,
apresentando potencial superior ao de outras cultivares de sorgo (BEHLING NETO et al.,
2017). De acordo com Cavali et al. (2010) o uso do sorgo sacarino na producao de silagem

pode favorecer a producao de etanol dentro do silo, pois o alto teor de carboidratos ndo



13

estruturais proporciona ambiente ideal para a atividade de leveduras, que convertem
carboidratos solGveis em etanol em ambiente anaerobio.

Para Ribeiro et al. (2017), outra op¢do amplamente utilizada como volumoso € a
silagem produzida a partir de forrageiras tropicais, que destacam pela maior
produtividade em condi¢bes adversas, alem de ja ser plantada em diversas propriedades,
reduzindo o custo quando comparada a silagem de forrageiras anuais, como milho e
sorgo. Os principais pontos que justificam este tipo de silagem sédo: alta produtividade
anual por area, perenidade, baixo risco de perda e maior flexibilidade de colheita e maior
teor de proteina bruta quando comparada ao milho e sorgo (PALUDO et a., 2020), que
sdo as culturas mais utilizadas para producdo de silagem, que apresentam em média 60 e
80 g kg! MS de PB, respectivamente (QUINTINO et al., 2016). Nesse sentido, o
potencial produtivo das gramineas tropicais € um fator favoravel que tem se destacado
para a producdo de silagem (EPIFANIO et al., 2014).

Em contrapartida, as forrageiras tropicais apresentam alguns aspectos
desfavoraveis, como baixo teor de carboidratos sollveis, necessarios para uma
fermentacdo adequada, baixo teor de matéria seca no momento do corte, alto poder
tamp&o e menor teor energético (COSTA et al., 2018). Diante dessas dificuldades, a
silagem de forrageiras tropicais exige cuidados para proporcionar boas condi¢des de
fermentacdo (BOLSON et al., 2017).

Contudo, existem crescentes pesquisas relacionadas a producdo de silagem de
forrageiras tropicais, desenvolvendo técnicas para melhoria do padrdo fermentativo e
proporcionando melhor qualidade do produto final (PALUDO et al., 2020). Nesse
contexto, tem-se utilizado a silagem mista, oriunda da combinacdo de cultura anual com
forrageira tropicail, com o intuito de auxiliar na qualidade da silagem, com aumento no
valor protéico e adequando aos padrbes fermentativos da mesma (CRUVINEL et al.,
2017; OLIVEIRA et al., 2020).

Dentre as plantas forrageiras, uma alternativa disponibilizada pela Embrapa Gado
de Corte € a Brachiaria Brizantha cv. BRS Paiaguas, que se desenvolve em solos de
média fertilidade e se adapta bem a sistemas integrados (DOMINGUES, et al. 2021). De
acordo com Euclides et al. (2016), o capim-paiaguas apresenta maior acumulo de
forragem e porcentagem de folhas vivas no periodo de inverno, em relacdo a outras
gramineas do género Brachiaria, proporcionando melhor valor nutricional ao pasto.

Outra alternativa é o hibrido interespecifico de Brachiaria BRS RB331 Ipypord,

que foi desenvolvido pela Embrapa, por meio do cruzamento entre um gendtipo de
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Brachiaria ruziziensis e um acesso de Brachiaria brizantha, em que se buscou introduzir
principalmente a resisténcia a praga das cigarrinhas-das-pastagens na nova cultivar, além
de manter as boas produc6es de forragem e valor nutritivo presentes em seus genitores
(ECHEVERRIA, et al., 2016). A BRS Ipypord € bastante semelhante a cultivar Marandu
quanto ao manejo, formando um relvado mais prostrado e denso, com alta porcentagem
de folhas. O capim-ipyporé se destaca pela sua produtividade, vigor, alta qualidade e boa
adaptacdo aos solos do Cerrado (VALLE et al., 2017).

Segundo Costa et al. (2016b), o sorgo e gramineas tropicais podem ser usados em
sistemas de producdo de silagem mista para aumentar o rendimento de massa seca por
area, fornecer pasto apos a colheita do sorgo (em sistemas de integracdo) e melhorar a
eficiéncia do uso da terra (OLIVEIRA et al., 2020). Logo, entende-se a importancia da
producdo de alimentos alternativos, como no caso de silagens mistas, oriundas ou ndo de
sistemas integrados, que em pesquisas apresentaram resultados satisfatérios e
promissores (CRUVINEL et al., 2017; RIBEIRO et al., 2017; COSTA, et al., 2018;
PALUDO et al., 2020), reforcando a importancia e necessidade de pesquisas por sistemas
de producao eficientes e com flexibilidade para se adequar as exigéncias e garantir a
competividade aos produtores e a sustentabilidade socioambiental. Sendo assim, a
producdo de silagem mista pode viabilizar a substituicdo das silagens padrdes, podendo

reduzir o custo de producéo da ensilagem e fornecer alimento de melhor qualidade.
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OBJETIVOS

« Avaliar o perfil fermentativo da silagem de sorgo sacarino com forrageiras tropicais;

« Determinar o valor nutritivo, através da composicdo bromatoldgica e digestibilidade in

vitro da matéria seca da silagem de sorgo sacarino com forrageiras tropicais.
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INTRODUCTION

In the seasonal cycles of pastures, tropical forage plants do not provide enough
nutrients to meet the requirements of pastured animals during the dry season (Daniel,
Bernardes, Jobim, Schmidt, & Nussio 2019). Therefore, the demand for alternative
roughage, such as silages, has grown (Quintino et al., 2016).

Sorghum is one of the fastest growing crops in Brazil and has strategic importance
with regard to grain and forage supplies. Cereals contribute directly to the balance of
regulatory stocks of energy grains, forage production, sustained livestock growth, and
food supplies, thus contributing to cost reductions and allowing greater competitiveness
in the grain production sector (Costa et al., 2016b).

Sorghum is a good choice for production because it is a hardy plant that tolerates
hot climates and is resistant to soil and climate variations and tolerant to abiotic stresses
such as water deficiency, salinity and waterlogging; moreover, it has low soil fertility
demands (Teetor et al., 2011). Another positive characteristic of sorghum is of its
potential for regrowth, with production that can reach up to 60% of its potential in the
first cut when subjected to proper management (Cruz et al., 2020). Therefore, sorghum
has many advantages for use as a source of animal food to produce grains and nutritious
forage.

Regarding silage production, sweet sorghum stands out in relation to other crops
due to its potential to produce a large amount of forage with characteristics that favour
the silo fermentation process and without the need for large amounts of inoculants or
additives; sorghum produces silage with good acceptability (Cruz et al., 2020). However,
as it is a tall crop, it has a high fibre fraction in the stem (Cruz et al., 2020), which can
interfere with its consumption by animals. In addition, Chen, Dong, Li and Shao (2019)
reported that sweet sorghum alone could not fully meet the production requirements of
growing or lactating ruminants as a result of a lack of crude protein.

On the other hand, silage made from tropical forages is also becoming more
popular for livestock production. The advantages of producing tropical forage silage are
related to its high annual production per area, perennial growth cycle, and low risk of
loss; tropical forages also have greater harvest flexibility and higher crude protein content
than corn and sorghum, which are the most commonly used silage crops and have

averaged of 60 and 80 g kgt DM CP, respectively (Quintino et al., 2016). Nevertheless,
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tropical forages, have a low content of dry matter at the time of cutting which, along with
their low content of soluble carbohydrates, can affect fermentation and compromise the
final silage quality (Negréo et al., 2016).

Among the various tropical forage options, we highlight Paiaguas palisadegrass,
which has good yield, good vigour, a high leaf:stem ratio and good nutritional value (R.
R. G. F. Costa et al., 2018). The hybrid BRS Ipypora, introduced in 2017, is the result of
a cross between Brachiaria ruziziensis and Brachiaria brizantha and is considered an
important forage alternative for pasture-based animal production systems due to its
quality as forage. Both cultivars have an average of 110 - 130 g kg™t DM crude protein
(Echeverria et al., 2016; Euclides et al., 2018; Epifanio et al., 2019).

In this context, mixed forage-sorghum silage with Paiaguas palisadegrass and
Ipypora grass could provide benefits such as balancing the nutritional value of pure
sorghum silage by increasing the crude protein content and digestibility and allowing
greater flexibility of use due to the ease of using the ensiled mass in pastures of
established tropical forages.

In addition, since these are Brachiaria cultivars that were recently made available
on the market, it is necessary to generate more information about which forage is more
suitable for ruminants and the appropriate level of addition to sorghum silage to provide
better silage quality. This information will enable their use as an alternative to feed
ruminants more efficiently. Thus, the goal of this study was to evaluate the fermentation
characteristics and nutritive value of sweet sorghum silage with different levels of

Paiaguas palisadegrass and Ipypora grass.

MATERIAL AND METHODS

The experiment was carried out at the Federal Institute Goiano, Campus Rio
Verde, in Dystrophic Red Latosol (Santos et al., 2018). Soil samples were collected at a
0-20 cm depth before the beginning of the experiment for physicochemical analysis, with
following characteristics: 562; 94 and 344 g kg of clay, silt and sand contents,
respectively; pH in CaCl,: 5.8; Ca: 1.8 cmolc dm™; Mg: 1.1 cmolc  dm3; Al: 0.0 cmolc
dm3; Al+H: 2.9 cmolc dm3; K: 0.53 cmolc dm; CEC (cation exchange capacity): 6.33
cmolc dm™3; V1: 54.20%; P (Mehlich): 3.6 mg dm; Cu: 0,61 mg dm-3, Zn: 3,83 mg dm-
3 Fe: 32,5 mg dm-3 and OM: 24.37 g kg™,

Soil preparation started in November 2018, eliminating weeds by applying

glyphosate and 2,4-D. Thirty days after desiccation, harrowing was carried out with a
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plowing harrow, followed by a leveling harrow. A week before sowing, another leveling
harrowing operation and sowing furrows were made using a seeder.

Sorghum was planted in February 2019, with an inter-row spacing of 50 cm.
Twelve seeds were planted per meter, sown at 2 cm depth. The hybrid used was BRS 506,
atall (around 2.5 meters) variety of high mass productivity. Plots were composed of eight
rows, three meters long.

Upon sowing, 180 kg ha® P,0s and 20 kg ha! FTE BR 12 were applied in the
planting furrow (9% Zn; 1.8% B; 0.8% Cu; 2% Mn; 3.5 % Fe and 0.1% Mo), as single
superphosphate and fritted trace elements (FTE’s), respectively. When sorghum plants
were at the stage of three and six leaves, broadcast topdressing was performed with 80
and 60 kg ha® nitrogen (N) and KO as urea and potassium chloride, respectively.

The experiment was conducted in a 2 X 6 factorial completely randomized design,
with four replications, two forages (Paiaguas palisadegrass and Ipypora grass) added to
sorghum in six levels (0; 20; 40; 60, 80 and 100%), totaling 48 experimental silos.

Paiaguas palisadegrass and Ipypora grass were harvested in areas already
established for crop-livestock integration experiments, planted in February 2019. Thirty
days before cutting for silage making, grasses received nitrogen and potassium
fertilization at a dose of 80 and 40 kg ha™?, respectively, as urea and potassium chloride.

For silage making, sweet sorghum was harvested at 100 days of development at
the milky/soft dough stage with 332.9 g kg dry matter (DM) and grasses within the
development cycle, with an average height of 78 and 67 cm, and 239.4 and 241.3 g kg™
DM for Paiaguas palisadegrass and Ipypora grass, respectively. Both crops were
harvested at 20 cm above the soil level using a manual brush cutter. Subsequently, forages
were chopped separately to approximately 10 mm of particle length using a stationary
forage chopper.

The material was homogenized according to each levels of each forage and stored
in experimental PVC tube silos measuring 10 cm in diameter and 40 cm in length.
Subsequently, the material was compacted with an iron pendulum, and silos were closed
with PVC lids and sealed with adhesive tape to prevent air exposure. The mean silage
density was approximately 583.37 kg dm. In the silos they contained sand and mesh at
the bottom to quantify the losses by effluent and were weighed before and after the
ensiling to quantify the losses by gases (Jobim, Nussio, Reis, & Schmidt 2007). The

experimental silos were stored in a covered area at room temperature.
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The fresh material (before ensiling) was analysed (Table 1) for dry matter (DM),
crude protein (CP), lignin, ether extract (EE) and ash contents according to the
methodologies described by the Association Official Analytical Chemists [AOAC]
(1990). Neutral detergent fibre (NDF) and acid detergent fibre (ADF) were estimated by
the method described by Mertens (2002). The content of total digestible nutrients (TDN)
was calculated using the equation of Cappelle, VValadares, Silva and Cecon (2001). The
in vitro dry matter digestibility (IVDMD) was analysed using the technique described by
Tilley and Terry (1963), which was adapted to the artificial rumen developed by
ANKOM® (Daisy Incubator - in vitro true digestibility). Donor animals were found in
pasture of Paiaguas palisadegrass.

Table 1. Chemical composition (g kg -1 DM) of forage sorghum, Paiaguas palisadegrass
and Ipypora grass.

Chemical Forage sorghum Paiaguas Ipypora grass
composition palisadegrass

DM 332.9 239.4 241.3
CP 78.8 155.2 147.1
Ash 461.2 488.3 470.8
NDF 676.6 651.2 649.2
ADF 409.8 350.9 358.2
Lignin 248.5 189.3 187.4
IVDMD 581.2 623.6 619.3
EE 3115 191.3 193.5
TDN 598.2 588.9 590.4

DM: dry matter; CP: crude protein; NDF: neutral detergent fibre; ADF: acid detergent fibre; EE: ether
extract; IVDMD: in vitro dry matter digestibility; and TDN: total digestible nutrients.

The silos were opened after 56 days of fermentation, discarding the silage at the
top and bottom of each silo. Samples from the middle of each silo were homogenized and
placed in plastic trays. A portion of the fresh silage was separated for analysis of
fermentative parameters, such as buffering capacity, pH and ammonia nitrogen as a
percentage of total nitrogen (N-NH3/NT), following the method described by Bolsen et
al. (1992).

The pH and buffering capacity analyzes were performed at the moment of opening

the silos, thus avoiding changes in the expected values caused by heat and humidity. For
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ammoniacal nitrogen, the silage was frozen to inactivate the activities of the anaerobic
bacteria to prevent the loss of nitrogen by volatilization, and later theanalyzes were
performed. Gas and effluent losses were determined by the methodology of Jobim et al.
(2007).

The other portion of the material (approximately 0.5 kg) was weighed and oven-
dried at 55°C for 72 hours. Then, the samples were ground in mill to pass through a 1-
mm sieve and stored in plastic bags for later analysis of the chemical composition,
according to the methodology described above.

Data were tested by analysis of variance, considering forage, levels and the
interaction between factors as sources of variation. Mean values were compared by
Tukey’s test at 5% probability. Forage levels were evaluated by regression analysis, with

standard error of the mean, using the Sigma Plot software.

RESULTS AND DISCUSSION

There was no significant effect (p> 0.05) of forage type (Table 2) or the interaction
of forage type and level on the pH, buffering capacity, dry matter, NHz-N/TN and effluent
losses (Figure 1). However, the forage addition level had a significant effect (p<0.05) on
these variables. For forage, addition level and their interaction had no effects (p>0.05) on

gas losses.

Table 2. Fermentation characteristics of sorghum silage with forage.

BC DM N-NH3/NT EL
Forage pH
(eqmgg*DM)  (gkg?) (9kg!)  (kgt*GM)

Paiaguas palisadegrass  4.04 a 11156 a 288.78 a 30.62 a 8.94
Ipypora grass 4.07 a 110.98 a 286.65 a 29.41a 9.03
Average 4.06 111.27 287.71 30.02 8.99
SEM 0.014 1.840 1.964 0.262 0.139
P value 0.184 0.825 0.452 0.643 0.381

Means followed by the same letter do not differ significantly by Tukey’s test (p> 0.05).
BC: buffering capacity; DM: dry matter; EL: effluent losses
SEM: standard error of mean.

Evaluating the pH results (Figure 1a) revealed a linear increase in the pH value as
the grass level in the ensiled mass increased. Sorghum silage had a pH of 3.7, while the
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silage with 100% grasses had a pH of 4.2, representing an increase of 15% in relation to
the pure sorghum silage. The increase in pH with the increase in forage level can be
explained by the higher buffering capacity of forages (Figure 1b). This higher buffering
capacity is due to the greater amount of buffering substances generated by proteolysis in
forages; proteolysis releases ammonia, which makes it difficult to decrease the pH (Zhang
etal., 2016). Nevertheless, it is worth mentioning that even with an increase in pH caused
by the increase in the forage addition level, the pH values were still close to the
appropriate range, which, according to McDonald, Henderson and Heron (1991), should
be between 3.8 and 4.2. These are considered acceptable values for well preserved silages
because this pH range inhibits the growth of enterobacteria and clostridia. The pH levels
found in this study are acceptable, as they guarantee good silage preservation
characteristics (Chen et al., 2019).

The increase in the proportion of forage in silage also resulted in higher values for
the buffering capacity (Figure 1b), showing a linear increase up to the maximum dose of
forage. This occurred because tropical forages have a higher buffering capacity than
annual crops (Souza et al., 2019). According to S. S. Oliveira et al. (2020), forage grasses
have a high buffering capacity and a low content of soluble carbohydrates; this can
influence pH values, as observed in this study.

Corroborating these results, Costa et al. (2018) evaluated millet and Paiaguas
palisadegrass silage in monocrop and mixed systems under different forage systems and
reported that millet silage in the monocrop system showed a lower buffering capacity
than Paiaguas palisadegrass, which had the highest value. Behling Neto et al. (2017)
found that the lowest values for buffer capacity may have been observed for cultivars of
sweet sorghum (BRS 506) in the first harvest due to the lower amounts of ash and crude
protein in sorghum than in the other tested silages; this result is in accordance with the
results for the pure sorghum silage in the present study. Like the pH and buffering
capacity, NHs/TN also increased with increasing forage level in the sorghum silage
(Figure 1 ¢).
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Figure 1 - Fermentation characteristics of sorghum silage with levels of forage.

Vertical bars indicate the standard deviation of the mean.

However, the mean value at the 100% dose was 40.80 g kgt NHz-TN. According
to (Kung, Shaver, Grant, & Schmidt, 2018), this value is considered to be within the ideal
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range to provide adequate lactic fermentation, reduce proteolysis and inhibit the growth
of undesirable microorganisms; silage should contain levels of NH3-NT below 100 g kg
! Thus, the levels found in this study are in line with the results obtained by R. F. Costa
etal. (2016a) and Behling Neto et al. (2017). This result shows that even with the addition
of forages, there was little activity of Clostridium bacteria; consequently, there was no
excessive deterioration of proteins, and the nutritional value of the silage was not
compromised.

Figure 1 (d) shows a decrease in DM content as the grass forage levels increased
in the sorghum silage. This was due to the low DM content of Paiaguas palisadegrass
(239.4 g kgt) and Ipypora grass (241.3 g kg™l) at the time of cutting. Typically, tropical
grass silages have high moisture levels at the ideal cutting time (Souza et al., 2019;
Oliveira et al., 2020; Paludo et al., 2020). Similar results were reported by S. S. Oliveira
et al. (2020), who evaluated the fermentation parameters of sorghum intercropped with
Paiaguas palisadegrass in different forage systems and at different maturity stages and
found that Paiaguas palisadegrass silage showed a higher pH and buffering capacity and
a lower DM content than sorghum silage. However, the combination of sorghum and
Paiaguas palisadegrass resulted in better silage fermentation parameters.

According to Chen et al. (2019), the DM content of silage tends to decrease
consistently throughout the silage process because the easily degradable constituents of
silage are broken down into silage acids, ethanol and carbon dioxide by microorganisms
during silage fermentation. The ideal DM content of forages to ensure adequate
fermentation inside the silo is 300 g kg to 350 g kg™ (McDonald et al., 1991).

The DM content is a major factor affecting fermentation during ensiling and,
consequently, the quality of the silage produced,; it is also positively correlated with intake
(McDonald et al., 1991). Therefore, it is important to produce mixed silages to balance
the DM content of the ensiled material.

Effluent losses were also influenced by the level of forage in the silage (Figure
1e). This was due to the lower DM contents of Paiaguas palisadegrass and Ipypora grass,
which resulted in higher effluent losses. In contrast, in the pure sorghum silage, effluent
losses were lower due to the higher DM content at the time of cutting (332.9 g kg™).
Gomes et al. (2019) reported that the volume of effluent produced in a silo is influenced
mainly by the DM content of the ensiled forage species and the degree of compaction.

According to L. S. O. Ribeiro et al. (2010), effluent loss implies the loss of
nutrients that are leached to the bottom of the silo, leaving the ensiled mass with a lower
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content of soluble nutrients than the fresh material. Tropical forages with DM contents
below 25% can have high effluent losses, which decreases the nutritional value of silage
because the effluents include some carbohydrates and nitrogen (Kung et al., 2018). Thus,
attention should be paid to the need for mixed silage to reduce moisture levels in tropical
forage silage and, consequently, reduce effluent losses.

In general, the characteristics of sorghum favour an effective fermentation
process, such as its adequate DM content (300 to 350 g kg™), soluble carbohydrate level
greater than 150 g kg and buffering power of less than 200 eq.mg HCI/100 g DM
(Quintino et al., 2016). These characteristics contribute to minimizing the problems
related to the fermentation of pure grass silages.

The interaction of forage type and addition level had a significant effect (p<0.05)
on the crude protein and digestibility of silages (Figure 2). However, only the forage
addition level (Figure 3), not the forage type (p>0.05), had a significant effect (p<0.05)
on the contents of NDF, ADF, lignin and ether extract (Table 3). The values of ash and

TDN were not influenced by the different addition levels and forage or their interaction.
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Figure 2. Crude protein content (a) and digestibility (b) of sorghum silage with levels of

forage.

Vertical bars indicate the standard deviation of the mean.

There was a linear increase in the crude protein level of the silage with the
increasing level of forage addition in the ensiled material (Figure 2 a). This is relevant to
increasing the crude protein of sweet sorghum silage and resulted in better nutritional
quality in the mixed silage. One of the main advantages of producing mixed silages is the

increase in crude protein content and digestibility. Sweet sorghum silage is considered an
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energy food; however, its protein content is low (70.64 g kg? DM), which is a
disadvantage of sorghum silage compared to tropical forage silages. Evaluating bagasse
silages from sweet sorghum cultivars, Gomes-Rocha et al. (2018) observed crude protein
contents from 60.5 to 70.1 g kg™ DM, which are close to those found in the present study
in the pure sorghum silage.

Between the two forage silages, the 100% Paiaguas palisadegrass silage had a 12%
higher crude protein than the 100% Ipypora grass silage. This was due to the
morphological structure of Paiaguas palisadegrass, which has a high leaf:stem ratio than
Ipypora grass and thus generates better-quality forage (Epifanio et al., 2019; Souza et al.,
2019).

Table 3. NDF, ADF, lignin and ether extract contents of sorghum silage with forages.

NDF ADF Lignin EE
Forage
(gkg*DM)  (gkg'DM)  (gkg'DM)  (gkg'DM)

Paiaguas palisadegrass 695.72 a 371.71a 21.28 a 25.34 a
Ipypora grass 700.74 a 375.67 a 21.57 a 2493 a
Average 698.23 373.69 21.43 25.13
SEM 1.530 1.870 0.141 0.343

P value 0.340 0.148 0.175 0.442

Means followed by the same letter do not differ significantly by Tukey’s test (p> 0.05).
SEM: standard error of mean
NDF: neutral detergent fibre; ADF: acid detergent fibre; EE: ether extract.

The addition of increasing levels of Paiaguas palisadegrass and Ipypora grass
resulted in a linear increase in the IVDMD of the sorghum silage (Figure 2 b) despite the
fact that sorghum contains a higher content of non-structural carbohydrates (starch, pectin
and sugars) than of structural carbohydrates, which are normally less digestible (Van
Soest, 1994). This can be explained by the higher crude protein content and lower fibre
fractions of the forages, which contributed to the better digestibility of the silage. The
IVDMD values obtained here are consistent with the values found in other studies
(Skonieski et al., 2010; Cruvinel et al., 2017; S. S. Oliveira et al., 2020; Taveira et al.,
2020).

Of the two forage crops, Paiaguas palisadegrass provided higher values of
IVDMD at all levels of addition. However, the difference was small, e.g., only 1.8%
higher than that of Ipypora grass at the 100% level. This was due to the similarities
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between these two species of Brachiaria, which have a high proportion of leaves and high
forage quality (Euclides et al., 2018; Epifanio et al., 2019).

Paiaguas palisadegrass and Ipypora grass are very productive forages that have
excellent nutritional value (Table 1). In the present study, the forages were harvested
during their development cycle, which contributed to maintaining their nutritional value.
Echeverria et al. (2016) reported that the Ipypora grass hybrid is an important forage
alternative for animal production systems due to its forage quality, specifically its vigour
and the high number of leaves on each stem. In addition, this hybrid grows in small
clumps with high basal tillering rates; low stolon emergence; and thin, short stems and is
a forage with high nutritional value (Euclides et al., 2018).

There was a linear reduction in the contents of NDF, ADF and lignin with the
increasing level of forage in the silage (Figure 3 a, b, ¢), i.e., a dilution of the fibre content.
In comparison to the pure sorghum silage, the silage made of 100% forages had 8.6, 23.6
and 35.4% lower NDF, ADF and lignin contents, respectively. Sweet sorghum is tall,
produces more stem biomass and less grain biomass than certain forages, and accumulates
many of the fibre fractions in its stems (Taveira et al., 2020). This explains the higher
values in the sorghum silage than in the forage silage in the present study. The non-
significant differences (p> 0.05) between the fibre contents of the forages may be due to
the similar levels of the different fibre fractions in Paiaguas palisadegrass and Ipypora

grass (Table 1) at the time of cutting.
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Figure 3. NDF (a), ADF (b), lignin (c), and ether extract (d) contents of sorghum silage

with different levels of forage. Vertical bars indicate the standard deviation of the mean.

Fibre fractions are important for characterizing the nutritional value of forages.

The NDF content is directly related to animal intake, and the ADF indicates digestibility

(Van Soest, 1994). Thus, high contents of NDF and ADF are negatively correlated with

the intake and digestibility of dry matter, and the higher contents of these fractions in the

sorghum stem directly influence the silage composition, as observed by R. F. Costa et al.
(2016a).
For the ether extract (Figure 3 d), there was a quadratic reduction in values with

the increasing level of grass in the silage. This can be explained by the lower fat content

of tropical forages (Table 1) than of sorghum. According to Bueno, Lazzari, Jobim and

Daniel (2020), lipids are not typical fuels for fermentation; thus, well-preserved silages

have levels of ether extract that are similar to those in fresh material. This finding is in

line with the results of the present study.
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The content of ether extract in silage is important for ruminant nutrition, as it is
necessary to coordinate protein and energy levels for good ruminal function and nutrient
use (L. B. D. Oliveira et al., 2010). The ether extract refers to the amount of oil present
in the food, and an adequate amount of oil (up to 100 g kg™ DM) is desirable because the
energy provided by oil is greater than that provided by protein (Marafon et al., 2015).
According to Ferreira et al. (2016), silages with lipid contents provide a feeling of satiety
and greater energy gain than silages with low lipid contents. These findings emphasize
the importance of mixed silage production to balance silage nutrient levels.

The TDN content of the silages was not influenced by the addition level, forage
type or their interaction, and its average value was 600.18 g kg™ DM. These values were
above those found by S. S. Oliveira et al. (2020) for Paiaguas palisadegrass silage (531.5
g kg! DM) and below those found for grain sorghum silage (663.5 g kgt DM). The
difference in the contents above is due to the sorghum hybrid; sweet sorghum has a lower
number of grains in the panicle than grain sorghum and provides less energy as a result
(Taveira et al., 2020). TDN is an important parameter for animal feed since energy and
protein are often the most limiting factors for ruminants (L. B. D. Oliveira et al., 2010).

It is worth mentioning that the nutritional quality of the silage remained practically
unchanged throughout the fermentation process (Figures 1, 2 and 3); the final results were
similar to those observed in the fresh material before ensiling (Table 1). This shows that
the materials were adequately ensiled and that the harvesting time and material chopping,
storage, compaction and sealing processes were satisfactory and maintained the levels of
available nutrients in the silage.

At all addition levels, the silages showed good nutritional quality. Similar results
were obtained by several authors studying the silage of sorghum with tropical forages (R.
F. Costaetal., 2016a; M. G. Ribeiro et al., 2017; S. S. Oliveira et al., 2020). These results
show the importance of producing mixed silages to balance the nutritional value of
silages, which can be an effective alternative to improve the quality of the pure sorghum

silage.
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CONCLUSION

The inclusion of Paiaguas palisadegrass and Ipypora grass in sorghum silage
raised the pH, buffering capacity and NHsz-N content of the silages and reduced their dry
matter content but did not negatively affect their fermentation characteristics, which
remained within appropriate limits.

Increasing the level of Paiaguas palisadegrass or Ipypora grass in the silage
increased the crude protein content, IVDMD and mineral matter content of the silage and
decreased the fibre fraction (NDF, ADF, lignin) and ether extract contents. Adding
tropical forages to sorghum silage material at levels above 40% is recommended.

Among forage crops, the addition of Paiaguas palisadegrass to sorghum silage
resulted in higher content of crude protein and IVDMD.

Mixed silages can be an effective alternative to improve the quality of exclusive

sweet sorghum silage.
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CONCLUSAO GERAL

A adicédo dos capins Paiaguas e Ipypord na ensilagem de sorgo aumentou o pH,
capacidade tampéo e N-NHs e, reduziu os teores de matéria seca, mas ndo comprometeu
as caracteristicas fermentativas das silagens, ficando dentro do padrédo adequado.

Adic&o de niveis crescente dos capins Paiagués e Ipypora na ensilagem aumentou
os teores de proteina bruta, DIVMS e matéria mineral e diminuiu as fragdes fibrosas
(FDN, FDA, lignina) e extrato etéreo, sendo recomendados niveis cima de 40%.

Entre as forrageiras, a adi¢do de capim-paiagués na ensilagem de sorgo apresentou
maior teores de proteina bruta e DIVMS.

Silagens mistas podem ser uma alternativa eficaz para melhorar a qualidade da

silagem exclusiva de sorgo forrageiro.



