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Abstract: Livestock farming in the tropics faces several challenges, especially the scarcity of forage during
the year's dry season. In this context, it is crucial to generate information about forages that can be used for
roughage supplementation. Therefore, the objective was to evaluate the productivity and chemical
composition of Pennisetum purpureum cv. BRS Capiacu was subjected to different harvest ages after the
standardization cut the North region. The experiment was conducted in a randomized block design with
four treatments and five replicates (blocks), with harvest intervals of 60, 90, 120, and 150 days after the
standardization cut. The increase in the age of BRS Capiagu grass promoted a higher production of dry
matter per unit area, with the production of 84.49 Mg ha™ after 150 days. The crude protein content was
linearly reduced (P < 0.01) from 14.37% at 60 days to 3.51% at 150 days. The best indication of quality in the
levels of neutral detergent insoluble fiber (74.59%) and acid detergent insoluble fiber (43.93%) was observed
at 90 days. Therefore, a harvest interval between 90 and 120 days of the standardization cut is recommended
because it holds a balance between yield and fiber quality. Ages more significant than 120 days significantly
impair the chemical composition of the forage.

Keywords: agronomic assessment; chemical composition; forage; maturity; seasonality.

Abbreviations: ADF_acid detergent fiber; Al_aluminum; ANOVA _analysis of variance; Ca_calcium; CD_stem diameter; CP_crude protein;
CTC_cation exchange capacity; DM_dry matter; DMP_dry matter production; HEM_hemicelulose; IL_internode length; K_potassium;
Mg_magnesium; NDF_neutral detergent fiber; P_phosphor; PH_plant height; pH H20_hydrogen potential in water; SL_leaf length;
SW._leaf width; V%_base saturation.

Introduction widely cultivated for this purpose (Leal et al., 2020) in various
tropical and subtropical regions around the world (Carvalho et
Brazil, with its tropical climate, provides favorable climatic al., 1997), mainly due to their high production of dry matter per
conditions for plant production, especially forage grasses, which unit area (Rosa et al., 2019). In this context, the BRS Capiacu
are widely used in livestock production systems as feed for the cultivar, released by Embrapa in 2016, has dominated among
herd (Fagundes et al., 2007; Delevatti et al., 2019), mainly due to other cultivars, mainly due to its late flowering, erect and dense
low maintenance costs and the extensive available land suitable clumps, resistance to lodging, tolerance to water stress, and high
for cultivation. production capacity, capable of yielding approximately 50 Mg
However, forages are strongly influenced by seasons, as they haTyear? of dry matter (Pereira et al., 2016).
undergo a seasonal production period characterized by high However, being relatively new, the cultivar still lacks studies, as
production of green matter during the rainy season and scarcity existing work is mainly focused on the management of the
during the dry season (Euclides, 2000; Koscheck et al., 2011). harvest and chemical composition of the cultivar (Pereira et al.,
Thus, this seasonal production directly affects the productive 2016; Mongao et al., 2019; Alves et al., 2022), with a significant
performance of the herd, as the low supply and quality of forages portion of these studies conducted in the Southeast and Midwest
reduce nutritional intake and, consequently, meat and milk regions of Brazil, and under fermentative profiles of silage mass
production. (Amaral et al., 2020; Moncao et al., 2020; Ribas et al., 2021).
Therefore, an alternative to solve or at least alleviate this forage Furthermore, the BRS Capiagu cultivar is widely distributed in
shortage during the dry season is the use of elephant grass the Northern region. Therefore, more studies are needed in the
plantations for extensive supplementation, either through northern region, considering its specific soil and climate
chopped green forage in feed troughs or silage. Currently, characteristics, to provide information for small and medium

elephant grasses belonging to the Pennisetum genus have been
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producers to increase beef and milk production under effective
and efficient management practices.

These additional pieces of information would be crucial to a
deeper understanding of the productivity, quality, and longevity
of grass at different ages. As Rosa et al. (2019) mentioned, this
would expand the possibilities of offering higher-quality forage
to animals throughout the agricultural year.

According to Santos et al. (2001), the most desirable nutrients in
forage tend to decrease as the harvest age advances. This
characteristic is quite evident in elephant grass despite its high
dry matter production (Queiroz Filho et al., 2000). It shows a
rapid decline in chemical composition as the age progresses, as
highlighted in studies by Mongao et al. (2019), Martins et al.
(2020), and Alves et al. (2022).

Therefore, it was hypothesized that with the advancement of the
age of the cv. BRS Capiagu, the maturation stage of the forage,
would progress, leading to significant increases in the
morphological components, the content of dry matter, and the
productivity of the cultivar, accompanied by reductions in
chemical values.

Therefore, the objective was to evaluate the productivity and
chemical composition of Pennisetum purpureum cv. BRS Capiagu
was subjected to different harvest ages after the standardization
cut in the northern region.

Results and Discussion

Productivity and dry matter production

As the age increased from 60 to 150 days, there was a linear
increase (P < 0.01) in plant height (PH), leaf length (SL), and dry
matter production (DMP) (Table 2). When comparing the
observed height at 60 days of 3.39 meters with the final height at
150 days of 4.61 meters of BRS Capiacu, there was an increase of
1.22 meters (0.0126 m day"). This substantial height of the forage
is characteristic of the species Pennisetum purpureum.
Furthermore, Santos et al., (2017) reported that the plant can
employ stem elongation if the leaf blade is not exposed to
sunlight radiation to enhance exposure of the photosynthetically
active part.

Forage height is of great importance in estimating productivity.
Oliveira et al., (2007) evaluated different estimates of forage
availability under grazing in 16 genotypes of the genus
Pennisetum sp., with intervals of 42 days in the rainy season. The
authors obtained the highest coefficient of determination (R? =
0.78) when using the height variable to determine the availability
of forage.

With the increase in plant height and leaf length throughout the
days, there was a higher dry matter production (DMP), with
daily increments of 0.420 Mg ha' until the plant reached 60 days.
The DMP at 60 days was equivalent to 29.86% of the production
measured at 150 days, which can be explained by the genetic
factors inherent to BRS Capiacu (Pereira et al., 2016), as well as
the soil in which the crop was managed (V% of 86.76%). These
factors ensured the nutritional needs of the plant. After the grass
was established in the area, the vigor became more evident due
to the higher number of tillers per unit area and rooting of the
crop, in addition to the soil and climatic conditions of the North
region, which met the crop's requirements. Elephant grass
thrives in hot and humid regions with annual precipitation above
1000 mm and an ideal average temperature of 24 ° C. During the
evaluation months, the accumulated precipitation was 1,470 mm,
well distributed throughout the months, these data being above
the annual requirement of elephant grass.

Moncao et al. (2019), when evaluating different ages of the BRS
Capiacgu grass (30, 60, 90, 120, and 150 days), observed a Dry
Matter Production (DMP) of 49.86 Mg ha' at 150 days,
representing an increase of 90.97% compared to the first age.
However, these values are lower than those obtained in the
present study, which may be partially attributed to notable
differences in soil and climatic conditions between research
locations. Although the precipitation accumulated during the
evaluation period of the present study totalled 1,470 mm,
surpassing the 876 mm of average annual precipitation
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accumulated in the authors' research region, the soil fertility in
our study area was also higher, which may have contributed to
the results obtained. Alves et al. (2022), working with the BRS
Capiagu cultivar with three harvest ages (60, 90, and 120 days)
and three levels of nitrogen fertilization (0, 100, and 200 kg N ha
year™), observed a DMP of 67.52 Mg ha™ at 120 days of age, with
these data being lower than those obtained at 120 days in the
present investigation.

No significant differences (P = 0.09) were found for the leaf
width, internode length, and stem diameter variables, with
averages of 5.28 cm, 0.175 m, and 17.98 mm, respectively. These
results, represented by averages, align with those observed by
Pereira et al., (2016).

Chemical composition

Advancing the age of forage influenced the concentrations of
nutrients evaluated (Table 3). A linear increase (P < 0.01) was
observed for the content of dry matter (DM), neutral detergent
fiber (NDF), and insoluble acid detergent fiber (ADF) with
increasing age.

There was an increase in DM content with increasing age,
obtaining the lowest content (17.37%) at 60 days of age and the
highest content (28.89%) at 150 days, with an increase of 11.5
percentage points in the content of DM (0.1326% day™'). The
increase in DM content is a natural process in grasses as they
age and reach physiological maturation, characterized by the
loss of water in plant cells.

As the grass ages, the concentrations of NDF and ADF increase,
from 70.75 and 39.23% to 77.12 and 45.85% for grass cut at 60 and
150 days, respectively. There was an increase in NDF of 6.37
percentage points (0.0666% day™). It is worth noting that the
high values found were due to the analyses using only tillers that
reached maturity in 150 days, as the grass fell and stimulated
growth with the clump's basal tillers.

Leal et al. (2020), when investigating the correlations between
cv's productive and nutritional characteristics. BRS Capiacu
identified highly positive correlations between PH and NDF and
ADF and lignin content, with R* of 0.76, 0.80, and 0.73,
respectively. This loss of chemical quality may be associated with
a lower leaf/stalk ratio, as, according to Queiroz Filho et al.
(2000), a higher leaf/stalk ratio is associated with a better
chemical quality, including a high protein content and lower
NDF concentrations in the forage. Therefore, high DMP cultivars
generally have a lower leaf/stalk ratio. Thus, it can be inferred
that the drop in the chemical composition of cv. BRS Capiagu
obtained after 150 days is related to this parameter. This
relationship between the harvest age of elephant grass and the
reduction in the leaf/stalk ratio was corroborated by Queiroz
Filho et al. (2000), Martins-Costa et al. (2008), and Ferreira (2015).
The NDF and ADF fractions represent the main components of
the plant cell wall, and the increase in their concentrations in
forage with advancing age can be explained by the increase in
the thickness of the plant cell wall at the expense of the reduction
in cell content (Van Soest et al., 1991).

Silva et al. (2007), evaluating elephant grass at different harvest
ages, observed that as the plant's age increased, NDF
concentrations increased, accompanied by increases in the
indigestible fraction and reductions in degradation rates. This
trend occurs because the fractions solubilized in neutral
detergent systems, as defined by Van Soest et al. (1991), are those
with a high digestion potential. However, this decreases
proportionally to the increase in NDF content.

Therefore, the NDF fraction is the most appropriate food
component to predict dry matter intake by ruminants (Allen,
2000), with this variable determining the amount of nutrients
available for animal production (NRC, 2001). Van Soest (1994)
reported that NDF is inversely related to the diet's energy
content and directly affects rumen filling.

Martins et al. (2020), evaluating nutritional components of
elephant grass (Pennisetum purpureum Schum) at three harvest
ages (56, 84, and 112 days), observed NDF and ADF contents of
66.76 and 37.19%; 71.62 and 44.77%; 74.05 and 44.53%,
respectively, these values being close to those obtained in the



Table 1. Chemical and granulometric characteristics of the soil.

. . Depth (m)
Soil attributes 0.00-0.20
pH H20 6.40
Ca@ 8.00
Mg @ 1.46
Al @ 0.00
Organic matter (3 18.34
p© 3.17
K ©®) 0.37
CTC ®© 11.33
V% 0 86.76
Clay ® 241.60
Silt ® 128.00
Sandy ©® 630.40

by potentiometry; @in potassium chloride, by titration (cmolc dm3); G/dry way, on a weight basis, in muffle (g kg); ®)in double acid
(hydrochloric acid and sulfuric acid), by colorimetry (mg dm3); ©)obtained through the sum of bases (Mg, Ca, K, Al and H) at pH 7 (cmolc
dm?3); Mobtained by the ratio between the sum of the bases Mg, Ca, K and the CTC at pH 7, multiplied by 100 (%); ®granulometry by the

pipette method (g kg™).

Table 2. Average values of plant height (PH), leaf length (SL), leaf width (SW), internode length (IL), stem diameter (CD) and dry matter

production (DMP) of BRS Capiagu grass in different ages.

. Age (days) P-value

Variables 60 90 120 150 SEM Treatment Linear Quadratic
PH (m)’ 3.39 4.43 4.55 4.61 0.038 <0.01 <0.01 <0.01

SL (m)? 1.38 1.49 1.50 1.53 0.014 <0.01 <0.01 0.02

SW (cm)3 4.94 5.33 5.36 5.49 0.133 0.10 0.03 0.37

IL (m)* 0.17 0.17 0.18 0.18 0.327 0.09 0.02 0.47

CD (mm)> 17.09 18.15 18.30 18.41 0.392 0.17 0.06 0.27

DMP (Mg ha™)¢ 25.23 38.09 73.19 84.49 8.040 <0.01 <0.01 0.93

1Y = 2.9220+0.0126X (R? = 0.73); 2 Y = 1.3130+0.0015X (R? = 0.82); 3 Y = 5.28;4 Y = 0.1748;5 Y = 17.98;6 Y = -19258.9900+709.6418X (R? = 0.96).

Table 3. Average contents of dry matter (DM), crude protein (CP), ash, neutral detergent fiber (NDF), acid detergent fiber (ADF), and

hemicellulose (HEM) of elephant grass cv. BRS Capiagu at different ages.

. Age (days) P-value
Variables (7) 60 90 120 150 SEM Treatment Linear Quadratic
DM!? 17.39 20.9 26.17 28.89 1.051 <0.01 <0.01 0.72
Cp2 14.37 7.84 6.91 3.51 0.781 <0.01 <0.01 0.09
Ash3 12.12 9.38 8.79 7.92 0.544 0.01 <0.01 0.14
NDF* 70.75 74.59 75.44 77.13 0.455 <0.01 <0.01 0.06
ADF3 39.23 4393 45.26 45.85 0.566 <0.01 <0.01 0.01
HEM® 31.52 30.66 30.18 31.27 0.445 0.24 0.56 0.07

1Y = 9.4157+0.1326X (R? = 0.98);2 Y = 19.8970-0.1117X (R? = 0.91); 3 Y = 14.1713-0.0439X (R? = 0.88); 4 Y = 67.486+0.0666X (R? = 0.91);5 Y =

36.151+0.0706X (R*=0.88); 6 Y = 30.91.

present study. The advancement of the harvest interval is
accompanied by more significant proportions of the plant cell
wall in the forage biomass due to its crucial role in supporting
the tillers to prevent tipping over. This increase was also
corroborated by Queiroz Filho et al. (2000) working with elephant
grass (Pennisetum purpureum Schum) cv. Purple at different
harvest ages reported NDF contents of 65.7 to 77.0% for grass
ranging from 40 to 100 days of age, respectively.

However, increasing the age did not influence the hemicellulose
content (P = 0.24). According to Chensson and Forsberg (1997),
as the forage matures, the most significant changes are related
to the composition of hemicellulose carbohydrates rather than
their concentration in the forage.

The levels of crude protein (CP) were linearly reduced (P < 0.01)
with increasing age intervals. There was a sudden reduction of
6.53 percentage points in the CP content of the forage between
the harvest interval of 60 to 90 days. At 60 days, the plant had a
CP content of 14.37% and dropped to 3.51% at 150 days of age,
resulting in a daily reduction of 0.1117% of CP. This is a natural
behavior in forage plants, as over time, the plant cell tends to
increase the thickness of the cell wall to support the tillers, and
at the same time, there is a reduction in cellular content and,
consequently, a reduction or dilution of CP due to the fact that
a large part of the nitrogen compounds is allocated in the cellular
content. This fact is more accentuated due to the reduction in
the leaf/stem ratio with advancing age (Queiroz Filho et al.,
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2000), whose leaf component has a higher PC content in relation
to the stemun.

Elephant grass loses its nutritional quality in a relatively short
period. Machado et al. (2008) observed CP values ranging from
14.10 to 5.18% for cv. Cameroon with an age between 33 and 93
days, respectively. Concomitantly, there are reductions in the
soluble fraction and potential degradation of CP (Mongao et al.,
2019) due to the complexation of CP with components of NDF
with increasing age. Kozloski et al. (2007) state that the low
consumption and digestibility of tropical forages at a high level
of maturity are associated with a low nitrogen concentration,
resulting in a low ammonia supply for cellulitis bacteria in the
rumen. According to Sniffen et al. (1993) and Minson (1990), CP
levels below 7% limit ruminal fermentation. Thus, cv. The BRS
Capiagu cut up to 116 days meets the minimum CP levels for
ruminal fermentation, and later ages require protein
supplementation to achieve adequate levels of ruminal
fermentation.

For ash, a linear reduction (P = 0.01) was observed with
increasing forage age. The highest ash value for cv. BRS Capiagu
was offered at the lowest ages. Increasing the harvest age leads
to a more significant deposition of organic matter with a
concomitant reduction in the ash fraction.
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Fig 1. Cumulative precipitation and maximum and minimum air
temperatures during the months of the experimental period from
October 2018 to March 2019. Source: National Institute of
Meteorology, INMET (2023).

Materials and Methods

Experiment location

The research was carried out at the Rondonia Federal Institute
of Education, Science, and Technology in the municipality of
Colorado do Oeste, RO, Brazil (11° 43' S, 49° 15' W, and altitude
of 460m).

In the region, the prevailing climate is hot and subhumid
tropical, with a four-month dry season and eight months of rain,
according to Koppen & Geiger (1928) and Alvares et al. (2014).
The soil characterization was carried out as described by Teixeira
et al. (2018) (Table 1). The climatic data observed during the
experimental period, a crucial aspect of the study, are presented
in Figure 1.

The cultivar used was Pennisetum purpureum cv. BRS Capiagu
was established using stem segments containing three to four
buds planted in furrows at a depth of 0.25 m using the "inverted
position of the seedling ends" method.

Experimental design and conduction of study

The experimental design used was a completely randomized
block design, with treatments consisting of four harvest ages
after the standardization cut (60, 90, 120, and 150 days) and five
replications (blocks). The treatments were allocated in plots with
a total area of 12 m?, comprising four rows of 3 m in length, with
a spacing of 1 m between rows. Each plot was considered an
experimental unit.

To start the experiment (day zero), a uniform cut was performed
at ground level. After the cultivar reached a height of 0.50 m,
fertilization was applied using an NPK fertilizer formulated as
20-05-20 at a rate of 1.2 Mg halyear’, as recommended by
Pereira et al. (2016). The fertilizer was incorporated into the soil
through a furrow built near the plants.

At each age, the grass was cut close to the ground, eliminating
the borders (the lateral rows and 1 meter from each side of the
central row of the plots). Regarding the useful area (2 linear
meters), samples from each experimental unit were weighed on
a mechanical balance, with an analytical precision of 0.1 kg,
ensuring the accuracy of the biomass weight measurements.

To determine green matter productivity (kg ha™' of GM), samples
of 2 linear meters were collected manually, approximately 5 cm
from the soil, and weighed, with the values being extrapolated to
the hectare. For the determination of the dry matter productivity
(kg ha' of DM), the weight of the grass in 2 linear meters was
multiplied by the dry matter content. Then, the values were
extrapolated to the hectare.

The sampled forage was taken to the laboratory to measure
morphological components, including plant height, leaf length
and diameter, internode length, and stem diameter. These
measurements were carried out using a graduated tape measure
in meters and a graduated digital caliper in millimeters.
Subsequently, the forage was pre-dried in a forced air oven at 65
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° C for 72 hours and then ground in a Wiley mill with a 1 mm
sieve for chemical analysis.

The pre-dried samples were then subjected to a comprehensive
chemical analysis, including dry matter (DM), ash, and crude
protein (CP) content, according to Detmann et al., (2012). Neutral
detergent fiber (NDF) and acid detergent fiber (ADF) were
determined in sequential analyses, while hemicellulose (HEM)
was calculated as the difference between NDF and ADF, as
determined by Van Soest et al., (1991).

Statistical analysis

The data obtained were subjected to statistical analysis using the
SAEG program (1999; version 8.1). Analysis of variance (ANOVA)
was performed to assess differences between treatments,
followed by regression analysis to evaluate linear, quadratic, and
cubic effects of the age (in days) on the variables studied. All
analyses were performed at a significance level of 5%. In the
generated equations, the variable Y represents the estimation of
the dependent variable, while X corresponds to the age. The
selection of the model that best fits the data was based on the
significance values (P) and the coefficient of determination (R?).

Conclusions

The cv. BRS Capiagu demonstrated high biomass production
under the edaphoclimatic conditions of the North region.
However, as the age advances, the forage presents a rapid drop
in chemical composition. Therefore, a harvest interval between
90 and 120 days is recommended. Ages more significant than 120
days significantly impair the chemical composition of the forage.
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