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Highlights

Biomass sorghum presents potential for forage production in the semiarid region.

The best maturity at harvest of biomass sorghum BRS 716 is 160 days after planting.

Biomass sorghum showed dry mass yield of 36.61 t/ha at 160 days (90 cm row spacing).

Abstract

The objective was to evaluate the structural, yield and nutritional characteristics of biomass sorghum BRS 

716 managed in different row planting spacing and harvest age in a semiarid region of Brazil. Three row 

spacing (45, 70 and 90 cm; plots) and four maturity at harvest (70, 100, 130 and 160 days; subplots) were 

evaluated following a randomized block design in a 3 x 4 split plot arrangement, with eight blocks. The 

useful area was 3 x 15 m. Variation in soil fertility in the area was the blocking factor. There was interaction 

between row spacing and maturity at harvest (P < 0.05) on plant height (P = 0.01), dry matter yield (DMY; 

P < 0.01) and proportion of senescent material (P = 0.01). The DMY observed at the age of 160 days and 
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spacing of 90 cm was 41.40% higher than the DMY at the same age and in spacings of 45 and 70 cm (mean 

of 21.45 t/ha). As the maturity at harvest increased, there was a reduction in the crude protein content (P < 

0.01), potential degradability (P < 0.01) and effective degradability (P < 0.01) of dry matter, and the content 

of non-fiber carbohydrates (P < 0.01), total digestible nutrients (P < 0.01) and the readily soluble fraction 

(P < 0.01) of the dry matter increased. Considering the yield and nutritional characteristics of biomass 

sorghum BRS 716 managed in the semiarid region for silage production, the row spacing of 90 cm and the 

maturity at harvest of 160 days after planting are recommended.

Key words: Dry matter yield. Height. Ruminal kinetics. Sorghum bicolor.

Resumo

Objetivou-se avaliar as características estruturais, produtivas e nutricionais do sorgo biomassa BRS 716 

manejado em diferentes espaçamentos de plantio e idade de corte em região semiárida do Brasil. Foram 

avaliados três espaçamentos entre linhas de plantio (45, 70 e 90 cm; parcelas) e quatro de idades de corte 

(70, 100, 130 e 160 dias; subparcelas) seguindo o delineamento em blocos casualizados em esquema de 

parcelas subdivididas 3 x 4 com oito blocos. A área útil da parcela foi de 3 x15 m. A variação da fertilidade 

do solo da área foi o fator de blocagem. Houve interação do espaçamento de plantio e as idades de corte 

estudadas (P < 0,05) sobre a altura das plantas (P=0,01), produção de matéria seca (PMS; P < 0,01) e 

proporção de material senescente (P=0,01). A PMS verificada na idade de 160 dias e espaçamento de 90 

cm foi 41,40% superior a PMS verificada na mesma idade e nos espaçamentos de 45 e 70 cm (média de 

21,45 t/ha). A medida de que aumentou a idade de corte houve redução no teor de proteína bruta (P < 0.01), 

degradabilidade potencial (P < 0.01) e degradabilidade efetiva (P < 0.01) da matéria seca e aumentou o 

teor de carboidratos não fibrosos (P < 0.01), nutrientes digestíveis totais (P < 0.01) e a fração prontamente 

solúvel (P < 0.01) da matéria seca. Considerando-se as características produtivas e nutricionais do sorgo 

biomassa BRS 716 manejado na região semiárida para produção de silagem, recomenda-se o espaçamento 

entre linhas de plantio de 90 cm e a idade de corte de 160 dias após o plantio.

Palavras-chave: Altura. Rendimento de matéria seca. Sorghum bicolor. Cinética ruminal.

Introduction

In many regions of the world, in recent 
years, Sorghum [Sorghum bicolor (L.) Moench] 
has become an increasingly important 
forage crop (Qu, Liu, Dong, Lu, & Shen, 2014; 
Amelework, Shimelis, Tongoona, Mark Laing, & 
Mengistu, 2015; Rakshit et al., 2016; Perazzo 
et al., 2017; Mwamahonje & Maseta, 2018; 
Worede, Mamo, Assefa, Gebremariam, & 
Beze, 2020). This trend is a consequence 
of the high dry matter yield of sorghum and 
its ability to adjust to different climatic and 

soil conditions, which include hot weather, 
such as in the semiarid region (Perazzo et al., 
2017; Mwamahonje & Maseta, 2018; Borges 
et al., 2019; Ramos et al., 2021; Rigueira et al., 
2021), or relatively cold climates, like Canada, 
Korea (McCaughey, Therrien, & Mabon, 1996; 
Paradhipta et al., 2019).

According to the Food and Agriculture 
Organization of the United Nations [FAOSTAT] 
(2020), the main sorghum producing countries 
are the United States, Nigeria, Sudan, Ethiopia, 
India, Mexico, and Brazil. In Latin America, 
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Brazil, and Argentina are the largest producers 
of sorghum with 2,272,939 tons and 1,563,445 
tons, respectively. In Brazil, the area destined 
for the cultivation of sorghum in 2020 was 
745.3 thousand hectares, of which more than 
95% was destined for animal feed (Companhia 
Nacional de Abastecimento [CONAB], 2020). 
In the production of silages for ruminants, 
forage sorghum has been widely grown in 
Brazil (Ramos et al., 2021; Rigueira et al., 2021). 
However, with the uneven rainfall distribution in 
the semiarid region and other regions of Brazil 
and the world (Qu et al., 2014), the demand for 
biomass sorghum for cultivation has grown due 
to its high dry mass yield, up to 50 t/ha (Castro 
et al., 2015; May, Souza, Gravina, & Fernandes, 
2016; Almeida et al., 2019) in relation to forage 
sorghum traditionally grown as Volumax, up to 
19 t/ha (Castro et al., 2015). Among biomass 
sorghum, hybrid BRS 716, launched in 2014 by 
EMBRAPA Maize and Sorghum, has stood out 
for its high dry mass yield per unit area, good 
nutritional value, tolerance to water stress and 
pests and diseases in Central Brazil (Almeida et 
al., 2019; Castro et al., 2015; May et al., 2016). 
In the semiarid region, there are no studies on 
the harvest management, productivity and 
nutritional value of BRS 716 biomass sorghum. 

According to Monção et al. (2019; 
2020), knowing the best age or height for 
harvesting forage is essential for the balance 
between mass yield and nutritional value. As 
the physiological age advances, the plant has 
its structure, productivity and nutritional value 
modified, which may alter the digestibility of 
nutrients. Furthermore, when silage making 
is intended, processes involved with the 
fermentation of the ensiled mass and the 
nutritional value of the silage produced are 
also influenced (Bernardes et al., 2018; Grant 
& Ferraretto, 2018). 

In addition to the harvest age, 
the row planting spacing also affects the 
productivity and nutritional value of sorghum 
biomass (May et al., 2016). This is because 
the spacing between planting rows alters 
the plant ability to capture light, which can 
influence the productive, structural and 
nutritional characteristics of the forage 
(i.e., stem elongation, thick cell wall, lower 
concentration of soluble carbohydrates), in 
addition to interfering with the fermentation 
process (Borreani, Tabacco, Schmidt, Holmes, 
& Muck, 2018; Queiroz et al., 2021). There is 
no information in the literature on planting 
spacing and the best age for cutting biomass 
sorghum BRS 716 regarding this management. 
According to Monção et al. (2019), in the 
semiarid region, the intense solar radiation 
associated with high temperature can change 
the plant growth pattern, pointing to the need 
to know the best harvest management of 
sorghum for silage production. 

Based on the above, the objective 
was to evaluate the structural, productive 
and nutritional characteristics of biomass 
sorghum BRS 716 harvested at different 
ages, and planted in three row spacing in the 
semiarid region.

Material and Methods

The procedures for care and handling 
animals used in the experiment were in 
accordance with guidelines of the Brazilian 
College of Animal Experimentation (COBEA) 
and were approved by the institutional Ethics, 
Bioethics and Animal Welfare Committee 
(CEBEA) (case 173/2018).

The experiment was carried out 
at UNIMONTES Experimental Farm, in the 
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Figure 1. Climatic data during the experimental period. 
Source: Instituto Nacional de Metereologia [INMET] (2020).

municipality of Janaúba (geographical 
coordinates: 15°52’38 “S, 43°20’05” W), Minas 
Gerais, from 11/13/2018 to 4/27/2019. The 
climate of the region, according to the Köppen 
(1948) classification, is BSh, with summer 
rains and well-defined drought periods in 
winter. The average annual rainfall is 876 mm, 

with an average annual temperature of 24 °C. 
The climate is tropical mesothermal, almost 
megathermal, due to the altitude, sub-humid 
and semiarid, with irregular rains, causing 
long periods of drought (Antunes, 1994). The 
climatic data during the experimental period 
can be seen in Figure 1.

The experiment was carried out in a 
flat area (25 × 100 m) with biomass sorghum 
(Sorghum bicolor (L.) Moench) planted in a 
clayey dystrophic red-yellow latosol with 
the following chemical characteristics: pH 
in CaCl2, 6.3; P (Mehlich), 21.2 mg dm−3; K 
(Mehlich), 110 mg dm−3; Na (Mehlich), 0.3 cmolc 
dm−3; Ca 2+, 3.9 cmolc dm−3; Mg 2+, 1.1 cmolc 
dm−3; Al 3+, 0.0 cmolc dm−3; H + Al (0.5 mol L−1 
calcium acetate), 1.2 cmolc dm−3; sum of bases 
of 5.5 cmolc dm−3; cation exchange capacity 
of 6.7 cmolc dm−3; base saturation (V) of 82%. 
Soil samples were taken for analysis 70 days 
before planting.
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Figure 1. Climatic data during the experimental period.  
Source: Instituto Nacional de Metereologia [INMET] (2020). 

 

The experiment was carried out in a flat area (25 × 100 m) with biomass sorghum (Sorghum The experiment was conducted using a 
split-plot completely randomized block design 
with three row spacings (45, 70, and 90 cm; 
6.3; 9.8 and 12.6 seeds per linear meter) and 
four ages at harvest (70, 100, 130, and 160 
days) and eight blocks, resulting in a total of 96 
plots with 5.0 × 25.0 m each or a useful area 
of 3 × 15 m. Maturities at harvest were chosen 
due to the high growth of BRS 716 biomass 
sorghum, adapted from Monção et al. (2019, 
2020). Row spacing was defined according to 
the study of May et al. (2016).

Biomass sorghum was planted in 
2018 with seeds donated by Embrapa Maize 
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and Sorghum. Before planting, the soil was 
prepared by plowing and harrowing (twice). 
During planting, NPK fertilizer (4-14-08) was 
applied as recommended by the soil analysis 
for sorghum crop. Supplemental irrigation 
during the experiment was given according 
to soil moisture level. Weeds and insects 
were controlled by manual weeding and 
insecticides applied by a tractor-mounted 
sprayer, respectively. At each row spacing 
and maturity at harvest, forage was manually 
harvested (25% total area) and ground using 
a tractor-mounted harvester model JF-90 
Z10 (JF Agricultural Machinery, SP, Brazil) and 
a New Holland TL 75 tractor (New Holland 
Agriculture®, Paranavaí - PR, Brazil).

Plant height was measured at five points 
per plot using a measuring tape, graduated in 
centimeters, at the time of harvest, measuring 
from the ground to the insertion of the last leaf 
blade of the plants. After each pre-established 
cutting age, a metal frame of 1m² was used to 
manually collect forage samples, 10 cm above 
the ground, and estimate the green matter 
yield (GMY) per area. GMY was estimated 
based on the number and row planting spacing. 
Samples were pre-dried in a forced air oven at 
55 °C to constant weight. The dry matter yield 
was estimated based on the GMY multiplied by 
the dry matter (DM) content at each maturity 
at harvest.

Samples were ground in a knife mill 
with a 1 mm sieve for analysis of the chemical 
composition and another part was ground 
with 2 mm sieve for in situ incubation. Samples 
were analyzed for dry matter (INCT-CA 
G-001/1 and G-003/1), crude protein (INCT-CA 
N-001/1), ether extract (INCT-CA G-005 / 1), 
and ash (INCT-CA M-001/1), neutral detergent 
fiber (INCT-CA F-002/1) and acid detergent 

fiber (INCT-CA F-003/1), with due corrections 
for ash (INCT-CA M-002/1) and protein 
(INCT-CA N-004/1), lignin (INCT-CA F-007/1) 
and non-fiber carbohydrates, following the 
recommendations described by Detmann 
et al. (2012). The content of total digestible 
nutrients (TDN) was estimated according to 
National Research Council [NRC] (2001). 

For the evaluation of ruminal kinetics 
of ruminal DM and NDF of sorghum biomass, 
two crossbred steers, with an average weight 
of 500 ± 70 kg and cannulated in the rumen, 
were given 4.0 kg concentrate in two meals, in 
the morning and in the afternoon, in addition 
to diets based on biomass sorghum silage 
for 30 days before incubation. The in situ 
degradability technique was performed using 
bags of 7.5 x 15 cm non-woven fabric (100 g 
m−2; Pore size 60 microns) according to Valente 
et al. (2011); the number of samples was 
determined from the ratio of 20 mg DM.cm² of 
surface area of the bag (Nocek, 1988).

Samples were placed in the ventral sac 
region of the rumen for 0, 3, 6, 12, 24, 48, 72, 
96, 120, and 144 hours, with the end of the 
nylon thread tied to the cannula. The zero time 
bags were not incubated in the rumen, but 
were washed in running water, similar to the 
incubated bags. All samples were removed 
and washed in cold water, aiming to stop rumen 
fermentation. Subsequently, samples were 
placed in forced air oven at 55 ºC for 72 hours 
and then cooled in a desiccator and weighed. 
The remaining residues in the non-woven 
bags collected in the rumen were analyzed 
for the contents of DM and NDF according 
to the aforementioned methodology. The 
percentage of degradation was calculated by 
the proportion of feed remaining in the bags 
after ruminal incubation. 
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Data obtained were fit to a non-linear 
regression by the Gauss-Newton method, 
using the SAS 9.0 software (Statistical 
Analysis System Institute [SAS Institute], 
2008), according to the equation proposed by 
Ørskov & McDonald (1979): Y = a + b (1-e-ct), 
where: Y = accumulated degradation of the 
analyzed nutritional component, after time t; 
a = intercept of the degradation curve when 
t = 0, which corresponds to the water-soluble 
fraction of the analyzed nutritional component; 
b = potential for degradation of the water-
insoluble fraction of the analyzed nutritional 
component; a + b = potential degradation of 
the nutritional component analyzed when time 
is not a limiting factor; c = rate of degradation 
by fermentation of b; t = incubation time. After 
calculated, the coefficients a, b and c were 
applied to the equation proposed by Ørskov 
and Mcdonald (1979): ED = a + (b x c / c + k), 
where: ED = effective ruminal degradation of 
the analyzed nutritional component; k = rate 
of passage of the food. The estimated rate of 
particle passage in the rumen was estimated 
at 5% h-1, as suggested by the Agricultural and 
Food Research Council [AFRC] (1993). Detail 
on the fermentation profile and nutritional 
value of the produced silage can be found in 
Queiroz et al. (2021).

NDF degradability was estimated using 
the model proposed by Mertens and Loften 
(1980): Rt = B x e-ct + I, where R = fraction 
degraded at time t; B = potentially digestible 
insoluble fraction and I = indigestible fraction. 
After adjusting the NDF degradability equation, 
fractions were standardized as proposed 
by Waldo, Smith and Cox (1972), using the 
equations: Bp = B / (B + I) × 100; IP = I / (B + 
I) × 100, where: Bp = standardized potentially 
digestible fraction (%); Ip = standardized 
indigestible fraction (%); B = potentially 

digestible insoluble fraction and I = indigestible 
fraction. The effective NDF degradability 
was calculated according to the model: ED = 
Bp x c / (c + k), where Bp is the standardized 
potentially digestible fraction (%).

Data were subjected to analysis of 
variance using the REG procedures. The 
UNIVARIATE procedure was used to detect 
outliers or influential values and to examine 
the normality of the residuals. The following 
statistical model was used: 

Y ijk = μ + Ei + B j + eij + ICk + Ei x ICj + e ijk

Where: Yijk = observation regarding 
row planting spacing in sub-plot “k” of the 
maturity at harvest in plot “i” in block “j”; μ = 
constant associated with all observations; Ei 
= Effect of row spacing “i”, with i = 1, 2 and 3; 
Bj = Effect of block “j”, with j = 1, 2, 3, 4, 5, 6, 7 
and 8; eij = experimental error associated with 
the plots that hypothetically have a normal 
distribution with a mean zero and variance δ2. 
ICk = Effect of maturity at harvest “k”, with “k” 
= 1, 2, 3 and 4; Ei x ICj = Effect of the interaction 
of level “i” of row planting spacing with level “k” 
of the maturity at harvest; eijk = experimental 
error associated with all observations (Y 
ijk), independent, which by hypothesis has 
a normal distribution with zero mean and δ2 
variance. 

When significant by F test, the means 
of row planting spacing and interactions 
were compared using Tukey’s test. The 
comparisons between the harvest ages 
were performed by decomposing the sum 
of squares into orthogonal linear contrasts 
and quadratic effects, with subsequent 
adjustments to regression equations. For all 
statistical procedures, α = 0.05 was used as 
the maximum tolerable limit for type I error. 
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The ruminal degradability of DM and 
NDF was conducted in a randomized block 
design in subdivided plots, with 12 treatments 
(plots) and 10 incubation times (subplots) and 
two blocks. The test was conducted twice. 
Variation in body weight of each animal was 
the blocking factor. The following statistical 
model was used: 

Y ijk = μ + Ti +Bj+eij+Pk+Ti x Pik+ eijk

Where: Yijk = observation regarding 
the time (P) in the sub-parcel k of treatment 
(T) i in block j; μ = constant associated with 
all observations; Ti = Effect of treatment “i”, 
with i = 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12; 
Bj = Effect of block j, with j = 1 and 2; eij = 
experimental error associated with the plots 
that, by hypothesis, have a normal distribution 
with zero mean and δ2 variance; P = Effect of 
incubation time k, with k = 1, 2, 3, 4, 5, 6, 7, 8, 9 
and 10; TPik = Effect of the interaction of level 
i of treatment with level k of incubation time; 
eijk = experimental error associated with all 
observations that, by hypothesis, have normal 
distribution with zero mean and δ2 variance. 

When significant by the F test, the 
treatment means were grouped by Tukey’s 
test. The comparisons between the incubation 
times were performed by decomposing the 
sum of squares into orthogonal linear contrasts 
and quadratic effects, with subsequent 
adjustments to regression equations. For all 
statistical procedures, α = 0.05 was used as 
the maximum tolerable limit for type I error.

Results and Discussion

There was a significant interaction 
between row spacing, and maturity at harvest 
of biomass sorghum on the plant height (P 
= 0.01), dry matter yield (DMY; P <0.01) and 
proportion of senescent material (P = 0.01) 
(Table 1).

For plant height at the ages of 70 and 
160 days, there was no difference between 
the row planting spacing, means of 1.13 and 
3.8 meters, respectively. At the age of 100 
days, the highest heights were found in the 45 
and 90 cm spacings, while at the age of 130 
days, only in the 90 cm spacing. Analyzing the 
heights in the spacings of 45, 70 and 90 cm, 
there was an increase of 0.02, 0.02 and 0.03 
meters for each day that increased at the 
harvest age, respectively (Table 2).

For each daily unit increased in the 
harvest age of the BRS 716 biomass sorghum, 
there was an increase of 0.069% in the 
proportion of stem and a reduction of -0.098% 
and -0.0015% in the proportion of leaves and 
leaf: stem ratio, respectively. These variables 
were not altered by row spacing. 

The BRS 716 biomass sorghum plants 
managed in the row spacing 45 and 70 cm 
had a dry matter (DM) content 4.96% higher 
than the value presented in the spacing of 90 
cm (mean of 18.20%; Table 3). Regarding the 
maturity at harvest, there was a daily increase 
of 0.13% and 0.11% on the content of DM and 
non-fiber carbohydrates, respectively. For the 
ash and crude protein variables, there was 
a linear reduction as the maturity at harvest 
of the biomass sorghum BRS 716 increased. 
The row planting spacing affected the crude 
protein content, with the highest mean in the 
spacing of 90 cm.



Souza, I. D. A. S. et al.

3470 Semina: Ciênc. Agrár. Londrina, v. 42, n. 6, p. 3463-3484, nov./dez. 2021

Table 1
Structural and productive characteristics of the BRS 716 biomass sorghum managed in different row 
spacing, and maturity at harvest in the semiarid region

Item Spacing
Maturity at harvest (days)

SEM
P-value

70 100 130 160 IdL IdQ Spa Id x Spa

Height, 
meters

45 1.18 A 2.27 A 2.63 AB 3.83 A

70 1.15 A 1.77 B 2.40 B 3.66 A 0.08 <0.01 0.29 0.01 0.01

90 1.07 A 2.28 A 2.85 A 3.91 A

DMY, t/ha

45 9.61 A 12.12 A 14.68 B 20.88 B

70 6.6 AB 12.17 B 18.13 AB 22.03 B 1.06 <0.01 0.85 <0.01 <0.01

90 4.9 B 11.30 B 21.10 A 36.61 A

Stem, %

45 76.32 80.51 78.02 81.50

70 75.10 80.55 79.55 82.11 1.15 <0.01 <0.01 0.93 0.09

90 71.78 81.95 80.23 82.26

Leaf, %

45 21.97 18.62 16.68 13.55

70 23.44 18.24 15.72 12.86 0.38 <0.01 <0.01 0.95 0.49

90 22.64 17.23 16.32 14.02

Senescent 
Material, %

45 1.70 B 0.87 A 5.29 A 4.95 A

70 1.45 B 1.21 A 4.73 A 5.03 A 0.89 <0.01 0.09 0.90 0.01

90 5.59 A 0.82 A 3.44 A 3.71 A

Leaf:Stem 
ratio

45 0.29 0.23 0.21 0.16

70 0.31 0.22 0.19 0.15 0.01 <0.01 <0.01 0.92 0.56

90 0.32 0.21 0.20 0.17

Means followed by different letters in the column (spacing effect) differed by Tukey’s test (P<0.05). SEM - standard error 
of the mean. P - Probability; AgeL = linear e3ffect; AgeQ = quadratic effect; Spa - spacing between planting rows; Id x 
Spa - interaction between maturity and spacing between planting rows.
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Table 2
Regression equations of the structural and productive characteristics of the BRS 716 biomass sorghum 
in different row spacing, and maturity at harvest in the semiarid region

Item Spacing
Maturity at harvest (days)

R² P<t*
70 100 130 160

Height, meters

45 ŷ= 0.0277x - 0.708 0.9647 <0.01

70 ŷ= 0.0272x - 0.883 0.9648 <0.01

90 ŷ=0.0303x - 0.957 0.9835 <0.01

DMY, t/ha

45 ŷ= 0.1212x + 0.380 0.9423 <0.01

70 ŷ= 0.1742 - 5.2967 0.9927 <0.01

90 ŷ= 0.3498x -21.746 0.9632 <0.01

Stem, %

45

70 ŷ= 0.0698x + 71.133 0.6467 <0.01

90

Leaf, %

45

70 ŷ= -0.098x + 28.878 0.9636 <0.01

90

Senescent 
Material, %

45 ŷ= 0.0472x - 2.2293 0.6644 <0.01

70 ŷ= 0.0475x - 2.3613 0.8021 <0.01

90 ŷ= -0.0101x + 4.5477 0.0395 <0.01

Leaf:Stem ratio

45

70 ŷ= -0.0015x + 0.398 0.92 <0.01

90

DMY - Dry matter yield; R² - Coefficient of determination; P - probability. *Significant by t-test (P<0.05). 
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There was no interaction between 
row planting spacing and maturity of harvest 
on neutral detergent fiber (P = 0.08), acid 
detergent fiber (P = 0.40) and lignin (P = 0.41), 
with means of 64.51%, 41.36% and 8.76%, 
respectively. The means observed for non-
fiber carbohydrates (NFC; P = 0.01) and total 
digestible nutrients (TDN; P = 0.09) adjusted to 
the quadratic regression model as the maturity 
of harvest increased, with the points being 
minimum of 104, 108 and 86 days for NFC in 
the 45, 70 and 90 cm row spacing, respectively 
(Table 4). For the TDN, the minimum point was 
at the maturity of harvest of 111.53 days.

There was interaction between row 
planting spacing and maturity at harvest on 
fraction Bp (P <0.01), degradation rate of the 
fraction Bp “c” (P <0.01), effective degradability 
(P < 0.01) and undegradable fraction (P <0.01) 
of the fiber fraction of the biomass sorghum 
BRS 716 (Table 6).

For fraction Bp, the means adjusted to 
the quadratic regression model as the maturity 
at harvest increased. The lowest means for 
Fraction Bp were verified by the minimum point 
at the ages of 137.8; 132.5 and 127.22 days in 
row spacings of 45, 70 and 90 cm, respectively 
(Table 7). When evaluated 70 and 130 days after 
planting, the highest fraction Bp was verified 
in the 70 cm spacing. When managed at 160 
days, the highest mean value was observed at 
90 cm spacing. For effective degradability of 
the neutral detergent fiber in the maturity at 
harvest of 70 days, the highest means were 
found in the row planting spacings of 45 and 
90 cm, mean of 41.66%, this being 28.15% 
higher than the value observed in row spacing 
of 70 cm. In the maturity at harvest 100, 130 
and 160 days, there was no difference caused 
by the row planting spacing on the effective 
degradability, mean of 25.82% (k = 5%/h).
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Table 4
Regression equations for the chemical composition variables of the BRS 716 biomass sorghum 
managed in different row planting spacing and maturity at harvest in the semiarid region

Item Spacing
Maturity at harvest (days)

R² P<t*
70 100 130 160

Dry matter

45 0.88 <0.01

70 y = 0.13x + 3.74

90

Ash

45 y = -0.06x + 14.73 0.84 <0.01

70 y = -0.07x + 15.66 0.93 <0.01

90 y = -0.06x + 15.28 0.9 <0.01

Crude protein

45

70 y = -0.04x + 10.25 0.97 <0.01

90

Neutral detergent 
fiber

45

70 y = -0.0031x2 + 0.7146x + 27.209 0.92 <0.01

90

Acid detergent 
fiber

45

70 y = -0.0027x2 + 0.6249x + 8.1887 0.83 <0.01

90

Lignin

45

70 y = -0.0008x2 + 0.213x - 3.6068 0.84 <0.01

90

Total 
carbohydrates

45

70 y = 0.11x + 68.62 0.94 <0.01

90

Non-fiber 
carbohydrates

45 y = 0.004x2 - 0.83x + 55.21 0.96 <0.01

70 y = 0.005x2 - 1.08x + 65.64 0.91 <0.01

90 y = 0.002x2 - 0.31x + 27.51 0.99 <0.01

Total digestible 
nutrients

45

70 y = 0.001x2 - 0.29x + 65.97 0.82 <0.01

90

R² - Coefficient of determination; P - probability. *Significant by t-test (P<0.05). 
There was interaction between row planting spacing and maturity at harvest on fraction B (P <0.01), potential degradability 
(PD; P = 0.03), indigestible fraction (iF; P = 0.03) and effective degradability (ED; P = 0.01) of the DM (Table 5). For fraction 
A, there was a quadratic behavior as the maturity at harvest increased. The row planting spacing did not modify the 
components of the ruminal kinetics of DM of the BRS 716 biomass sorghum.
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Table 7
Regression equations for ruminal kinetics of dry matter and fiber fraction of the BRS 716 sorghum 
biomass managed in different row planting spacing and maturity at harvest in the semiarid region

Item Spacing
Maturity at harvest (days)

R² P<t*
70 100 130 160

Dry matter

Fraction a

45

70 y = 0.004x2 - 0.82x + 58.29 0.80 <0.01

90

Fraction b

45 y = 0.006x2 - 1.66x + 144.03 0.99 <0.01

70 y = -0.10x + 56.07 0.71 <0.01

90 y = 0.008x2 - 2.09x + 160.65 0.79 <0.01

Degradation rate 
c, %/h

45

70 y =5.02 - ns

90

Potential 
degradability

45 y = 0.010x2 - 2.48x + 202.39 0.97 <0.01

70 y = 0.006x2 - 1.58x + 153.02 0.99 <0.01

90 y = 0.010x2 - 2.36x + 194.18 0.76 <0.01

Indigestible 
fraction

45 y = 0.008x2 - 2.05x + 166.75 0.90 0.01

70 y = 0.004x2 - 0.88x + 93.246 0.91 <0.01

90 y = 0.009x2 - 2.16x + 160.36 0.99 <0.01

Effective 
degradability, 

(k=5%/h)

45 y = 0.007x2 - 1.70x + 136.18 0.85 <0.01

70 y = 0.003x2 - 0.72x + 73.95 0.83 <0.01

90 y = 0.007x2 - 1.64x + 125.61 0.99 <0.01

Neutral detergent fiber

Fraction Bp

45 y = 0.009x2 - 2.48x + 194.24 0.98 <0.01

70 y = 0.006x2 - 1.59x + 148.98 0.72 <0.01

90 y = 0.009x2 - 2.29x + 170.64 0.47 <0.05

Degradation rate 
c, %/h

45 y = 0.001x2 - 0.13x + 9.67 0.42 <0.05

70 y = 0.0003x2 - 0.01x + 2.04 0.33 <0.05

90 y = -0.002x2 + 0.42x - 17.79 0.32 <0.05

Effective 
degradability, 

(k=5%/h)

45 y = 0.006x2 - 1.54x + 121.84 0.96 <0.01

70 y = 0.003x2 - 0.71x + 65.55 0.63 <0.01

90 y = 0.005x2 - 1.41x + 115.62 0.86 <0.01

Indigestible 
fraction

45 y = 0.003x2 - 0.88x + 72.96 0.92 <0.01

70 y = 0.002x2 - 0.41x + 36.49 0.35 <0.05

90 y = 0.003x2 - 0.96x + 81.51 0.99 <0.01

R² - Coefficient of determination; P - probability. ns - non-significant. *Significant by t-test (P<0.05). 
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Plant height is the result of 
the relationship between genetic and 
environmental factors (Shukla, Felderhoff, 
Saballos, & Vermerris, 2017). Under 
appropriate soil and climate conditions, 
phytomer cells multiply according to their 
physiological maturity in order to expose leaf 
blades to light, which changes the height of 
plants and the proportion of wall components 
and cell content and is positively related to the 
accumulation of biomass by the plant (Shukla 
et al., 2017; Leal et al., 2020). The growth 
potential of biomass sorghum BRS 716 was 
favored in the row planting spacing of 90 
cm due to the entry of light inside the forage 
canopy. Based on the regression equations, the 
cultivation of sorghum biomass in the spacing 
of 90 cm between planting rows resulted in a 
daily growth of the plant of 3 cm, while in the 
spacing of 45 and 70 cm, it was 2 cm. This is an 
important analysis because plants with higher 
growth reach physiological maturity early, 
which can be a risk for toppling the canopy if 
harvested late. Despite the greater growth of 
sorghum when planted with 90 cm between 
rows in relation to the other spacing, at 160 
days of cutting age, there was no difference 
in plant height, with an average of 3.8 meters. 
The increase in plant height according to the 
cutting age modified its structure with a higher 
proportion of stem and senescent material to 
the detriment of leaves. 

Given the positive correlation between 
height and DMY (Leal et al., 2020), the best DMY 
results at the highest heights, and harvest age 
are justified. The DMY verified at the age of 160 
days and spacing of 90 cm was 41.40% higher 
than the DMY verified at the same age and in the 
spacings of 45 and 70 cm (mean of 21.45 t/ha). 
These results justify the productive potential 
of biomass sorghum BRS 716 which, even 

grown in the 45 and 70 cm spacing, produced 
more dry matter than the hybrids traditionally 
grown in Brazil, such as Volumax (DMY of 19 t/
ha) and BRS 655 (DMY of 13 t/ha) considering 
120 days of planting and spacing between 
planting rows of 70 cm, according to Castro et 
al. (2015). Regarding planting spacing, May et 
al. (2016) observed an increase of 33.6% in the 
DMY of sorghum biomass when the spacing 
between planting rows was reduced from 110 
cm to 50 cm. These fluctuations in results may 
occur due to the plant stand in the area, and in 
smaller spacing it is possible to increase the 
number of plants in the area. In this research, 
regardless of the planting spacing, a density 
of 140 thousand plants/ha (6.3; 9.8 and 12.6 
seeds per linear meter) was expected. As the 
plant reached physiological maturity, there 
was a daily increase in DMY of 117.38; 167.39 
and 338.02 kg/ha in the spacing of 45, 70 and 
90 cm, respectively. The higher DMY observed 
in the present study justify the possibility of 
using biomass sorghum as forage material in 
semiarid regions. As the short rainy season is 
distributed irregularly, in these regions, forage 
productivity by area should be optimized. 

As the plant reaches physiological 
maturity, changes in fiber components occur 
at the expense of cellular content, rich in 
nutrients with greater digestibility (Monção et 
al., 2019). These changes were verified in this 
research with an increase in the dry matter 
and fiber content as a function of the harvest 
age. Kung, Shaver, Grant and Schmidt (2018) 
recommended a dry matter content of 25% 
for forage grasses to be ensiled. In this study, 
from 160 days of age, it was possible to verify 
that dry matter content, which is important 
to avoid losses by effluents. McDonald, 
Henderson and Heron (1991) stated that, 
when there is an adequate amount of soluble 
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carbohydrates, 20% DM are sufficient to 
ensure good fermentation. In this way, it is 
possible to ensile the sorghum biomass with 
130 days of harvest age, but to avoid losses of 
DM it is important to use moisture sequestering 
additives or use the pre-wilting technique to 
increase the dry matter content of the silage 
mass (Muck et al., 2018). The use of additives 
such as bran (above 88% DM) during ensiling 
grasses with high moisture can increase 
production costs. However, it improves the 
fermentation and the nutritional value of the 
silage, in addition to anticipating the sprouting 
of sorghum and preventing tipping of the 
canopy that can happen at heights above 2.5 
meters. When harvested at 160 days of age, 
sorghum biomass flourished due to sensitivity 
to the photoperiod. According to Parrella, 
Rodrigues, Tardin, Damasceno and Schaffert 
(2010), the flowering of sorghum biomass only 
occurs after the inductive photoperiod, which 
is 12 hours and 20 minutes. 

Despite the presence of the sorghum 
panicle at the age of 160 days, there was a 
dilution effect on the ash, protein and fiber 
contents. NDF and ADF showed a quadratic 
regression behavior, despite having increased 
linearly up to 115.25 days, and 115.72, 
respectively, as the maximum point. Due to the 
greater amount of non-fiber carbohydrates 
present in sorghum grains harvested after 
160 days, there was an increase in the content 
of total carbohydrates and total digestible 
nutrients of the plant. However, the means 
of these variables showed a quadratic 
regression behavior. This behavior was also 
verified in the readily soluble fraction of 
the dry matter (fraction “a”). This occurred 
because the presence of grains increased the 
content of soluble carbohydrates and other 
soluble components of the plant harvested 
at 160 days. This is important because the 

soluble fractions of the feed contribute to 
the production of short-chain and branched 
fatty acids in the rumen, being the main 
source of energy for ruminants. The fraction 
“b” characterized as a water-insoluble but 
potentially degradable fraction was also 
modified with the presence of the panicle, 
increasing the potential degradability of the 
dry matter of the whole plant harvested at 160 
days in relation to the ages of 100 and 130 
days. The fraction “b” is mostly related to the 
extent of degradation of the fiber fraction of 
the forage. The anticipation of the biomass 
sorghum harvest for 130 days is favorable 
for regrowth, however, the ruminal kinetics 
of DM, and NDF allows inferring in obtaining 
mass with less potential for degradation. 
Despite presenting higher DMY at the harvest 
age of 160 days and in the spacing between 
planting rows of 90 cm, Queiroz et al. (2021) 
reported that the best fermentation profile 
and nutritional value of the biomass sorghum 
silage BRS 716 was found at the row planting 
spacing of 70 cm, and harvest age of 160 days. 

Biomass sorghum BRS 716 is forage 
with a high potential for mass production with 
good nutritional value, being an important 
option for ruminant farming in semiarid regions. 
Based on the nutritional value of this forage 
observed in this study, it is worth mentioning 
that the use of this forage can be indicated 
for several categories of animals. However, 
depending on the production level, there is a 
need to adjust the protein and energy levels 
of the diet. In F1 ½ Holstein x ½ Zebu cows 
in the middle third of lactation, Ramos et al. 
(2021) found that milk yield was not modified 
when forage sorghum silage (Volumax) was 
replaced with biomass sorghum silage (BRS 
716) harvested at 160 days after planting, and 
70 cm of row planting spacing. The forage: 
concentrate ratio of the diet was 75:25.
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Conclusion

Considering the yield and nutritional 
characteristics of the biomass sorghum BRS 
716 managed in the semiarid region for silage 
production, the row planting spacing of 90 cm, 
and the maturity at harvest of 160 days after 
planting are recommended.
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