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ABSTRACT

Capiaçu is a cultivar of elephant grass (Pennisetum purpureum Schum.), which is a promising 
species for use in ruminant feed and presents a high potential for biomass production. However, as 
this grass became subjected to different management strategies, fluctuations in biomass production 
were observed, reflecting on its nutritive value. The objective was to verify the effect of cutting 
age and nitrogen (N) application on the productivity and nutritional value of BRS Capiaçu. A 
randomized block design was used in a 3 × 3 factorial scheme: three cutting ages (60, 90, and 120 
days) and three levels of nitrogen fertilization (0, 100, and 200 kg N/ha/year). The variables evaluated 
were: productivity and chemical composition of the leaf, stem, and whole plant fractions, besides 
the production of nutrients and efficiency of utilization of applied nitrogen (EUAN). There were 
interaction effects between cutting ages and N application on dry matter (DM), crude protein (CP), 
cellulose, hemicellulose, and lignin production. Plants cut every 120 days and fertilized with 100 or 
200 kg N/ha had the highest annual DM production. Nitrogen fertilization was efficient in increasing 
the percentage of leaves and the production of CP and DM digestibility of the grass. The highest CP 
production (in kg/ha/year) was observed for the 60- and 90-days old grass fertilized with 200 kg of N/
ha/year. Grasses that were cut every 90 days and that received nitrogen fertilization of 100 kg N/ha/
year were the ones that presented the highest EUAN. The cutting at 90 days of age, associated with N 
fertilization of 100 kg N/ha/year, is the best strategy for BRS Capiaçu.

Keywords: chemical composition; elephant grass; maturity stage; Pennisetum purpureum

INTRODUCTION

The growing demand for food, associated with the 
need to conserve natural resources, has forced farmers 
to adopt more efficient animal production systems. 
In this context, the use of elephant grass cultivars 
(Pennisetum purpureum Schum.) to ensure the supply of 
feed during the drier season of the year is an alternative 
that has been used in several countries with tropical 
climates (Tessema et al., 2010).

Elephant grass is a forage species that presents 
high biomass production, good tolerance to prolonged 
drought, is adapted to various soil types, and is suitable 
for mechanized cutting (Tessema et al., 2010; Monção 
et al., 2019; Silva et al., 2020). Due to its productivity, 
elephant grass needs frequent fertilization because high 
nutrient extraction can lead to a decline in soil fertility in 
a short period (Siri-Prieto et al., 2020).

In general, nitrogen is the highest nutrient de-
manded in the development of forage grasses (Orrico 
Junior et al., 2012; Orrico et al., 2013; Silveira et al., 2018). 
However, in the relevant literature, there is still a wide 

variation in the data regarding the effect of nitrogen 
fertilization on the biomass productivity of elephant 
grass cultivars. It is common to find data such as those 
of Flores et al. (2012), in which there was no increase in 
biomass production of elephant grass with the use of N 
fertilizer, as well as results similar to Bueno et al. (2020), 
who found the highest efficiency of N use for a median 
dose application (100 kg N/ha/year). 

The elephant grass cultivar BRS Capiaçu is between 
the accessions Guaco-BAGCE 60 and Roxo-BAGCE 
57. This cultivar is characterized by late-flowering; tall 
size; upright clumps, leaves with wide, long, and green 
blades; yellowish-green leaf sheath; and stem with a 
thick diameter and yellowish internodes (Pereira et al., 
2017). It was released in 2016 by EMBRAPA, and the 
initial scientific reports on this cultivar were described 
by Pereira et al. (2017). In this research, the authors 
observed a biomass production of 49 tons dry matter 
(DM)/ha/year, which placed it as the most productive 
among the other elephant grass cultivars used in Brazil. 
However, as this cultivar began to be grown in the other 
regions and was subjected to different management 
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strategies, biomass production was much higher than 
those obtained by Pereira et al. (2017). An example of 
this was that in the study conducted by Monção et al. 
(2020), the authors observed biomass production of 72 
ton DM/ha/year, with the use of fertilization of 50 kg/ha 
of the formula 20-0-20 (N-P-K) after each cut, at 120 days 
of regrowth. 

Besides fertilization, the cutting frequency also 
affects the growth characteristics, yield of DM, and 
nutritive value of elephant grass. According to Tessema 
et al. (2010), when the interval between cuts is short, 
the plant’s productivity is compromised because, at 
each defoliation, the grass needs to mobilize its energy 
reserves for the emergence of new leaves. On the other 
hand, when the interval between cuts is too long, el-
ephant grass losses its nutritional quality besides having 
its growth compromised by excessive shading, thus 
making its use unfeasible (Rodolfo et al., 2015; Monção 
et al., 2019). Therefore, the balance between biomass 
production and the nutritional quality of the grass is es-
sential for cultivar management.

As it is a cultivar of elephant grass recently 
launched and which presents DM productions higher 
than the other elephant grass cultivars, studies are need-
ed to determine the best N dose and the best interval be-
tween cuts to maximize the production of nutrients per 
hectare and promote efficient use of applied N. Thus, 
the objective of this study was to evaluate the effect of 
cutting age (60, 90, and 120 days) and N application (0, 
100, and 200 kg N/ha/year) on biomass production and 
nutritive value of BRS Capiaçu. 

MATERIALS AND METHODS

The study was conducted at Embrapa 
Agropecuária Oeste, in the municipality of Dourados, 
MS, Brazil (22° 11′ S, 54° 56′′ W and 452 m above sea 
level) from August 2017 to September 2018. The climate 
of the region is humid mesothermal (Cwa), with hot 
summers and dry winters. The meteorological data ob-
served during the experiment are presented in Figure 1.

The soil of the experimental area was classified as 
dark red distroferric Latosol with a very clayey texture 
(Santos et al., 2018). The soil had the following charac-
teristics: sand, 88.71 g/kg; silt, 182.32 g/kg; clay, 728.97 
g/kg; pH in CaCl2, 5.22; P (Mehlich), 28.23 mg/dm3; K, 
0.51 cmolc/dm3; Ca+2, 3.39 cmolc/dm3; Mg+2, 0.75 cmolc/
dm3; H+ + Al+3, 3.39 cmolc/dm3; cation exchange capacity: 
8.04 cmolc/dm3, base sum: 4.65 cmolc/dm3; organic mat-
ter, 16.74 g/kg and base saturation, 57.83%. Fertilization 
based on P and K was not necessary, as the concentra-
tions of these nutrients in the soil were adequate for 
elephant grass cultivation (Pereira et al., 2016).

The BRS Capiaçu grass seedlings were composed 
only of the plant’s stems (approximately 120 days old), 
cut into pieces containing three to four internodes. The 
planting of BRS Capiaçu grass was undertaken on April 
12, 2017, in furrows with 15 cm depth and 1 m distance 
between furrows. The seedlings were placed at the bot-
tom of the furrow, covered with soil, which was lightly 
compacted to favor the emission of tillers. The area 
(1000 m2) was divided into 36 experimental plots, mea-
suring 5 × 3 m each.

The experiment was conducted in a factorial 
randomized block design, with three cutting ages (60, 
90, and 120 days) and three levels of N application (0, 
100, and 200 kg N/ha/year), and four repetitions per 
treatment (one repetition per block). During one year of 
evaluation, six, four, and three cuts were performed for 
the managed grass, with intervals between cuts of 60, 90, 
and 120 days, respectively.

On August 21, 2017, the grass was uniformly cut 
at the height of 5 cm from the ground, initiating the 
experimental period. Nitrogen fertilizers were applied 
manually on the soil surface, using protected urea as a 
source of nitrogen. The nitrogen fertilization doses were 
divided according to the number of cuts, i.e., the doses 
of 100 and 200 kg/ha/year were divided into six, four, 
and three applications (after each cut) in the plots man-
aged with intervals between cuts of 60, 90, and 120 days, 
respectively. 

Figure 1. 	The meteorological data observed during the experimental period. Average T (
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As soon as the plants reached the ages established 
for cutting, height and biomass production were mea-
sured per plot. The data of plants height were obtained 
by measuring three random points within each plot 
(from the ground up to the insertion of the last leaf 
blade). The plants contained within 2 m of each of the 
three central rows of the plots were collected to quantify 
the fresh forage production. Subsequently, the material 
was cut and removed from the rest of the plot to stan-
dardize the regrowth of the plots.

The sampled plants were taken to the laboratory for 
morphological separation (leaf + sheath and stem) and 
determination of the DM content of each plant fraction. 
The samples were pre-dried in an oven with forced air 
circulation at 55 °C for 72 hours. The dry samples were 
ground in a Willey mill, with a 1 mm mesh sieve, to de-
termine the contents of DM, organic matter (OM), crude 
protein (CP), neutral detergent fiber (NDF), acid deter-
gent fiber (ADF), cellulose, hemicellulose, lignin, and in 
vitro digestibility of dry matter (IVDMD), through the 
near-infrared spectroscopy technique. The curves were 
calibrated in a FOSS NIR Systems Model 5,000, using ISI 
WINISI II Project Manager V1.02 software (Shenk et al., 
1979). Based on the fresh weight and the DM contents, 
the DM production of the whole plant, leaf, and stem 
per hectare (ha) was calculated, as well as the leaf: stem 
ratio. The calculation of production/ha/year (of each nu-
trient) was undertaken by multiplying the total produc-
tion of DM by the respective nutrient contents contained 
in the whole plant. With these values, it was possible to 
calculate the efficiency of utilization of applied nitrogen 
(EUAN), which was calculated using the formula:

EUAN=  (P - Pc)/Napp

where P was the production of DM or nutrients in the 
treatment that received fertilization (kg), Pc was the pro-
duction of DM or nutrients in the treatment that did not 
receive fertilization (kg), and Napp. was nitrogen dose 
applied in the area (kg). 

The effects of cutting ages and N application and 
the interaction of these factors on the response variables 
were evaluated by an analysis of variance (F test). When 
the interaction of factors was significant (α ≤ 0.05), the 
factors were considered separately for analysis. In the 
case of non-significant interaction, the factors were ana-
lyzed by principal component. 

The data were analyzed using the statistical pro-
gram SAS (version 9.0, Statistical Analysis System). 
The means were compared using the Tukey test at a 5% 
significance level. 

RESULTS

An interaction effect (p<0.05) between cutting ages 
and N application on the biomass production of the 
grass was observed (Figure 2). At 120 days of age and 
fertilized with 100 or 200 kg N/ha/year, plants had the 
highest biomass production (average of 77,350 kg of 
DM/ha/year). The lowest annual production was ob-
served for grass managed with intervals between cuts of 
90 and 60 days and without nitrogen fertilization. 

Leaf and stem biomass yields were influenced 
by cutting age and the amount of N applied (Table 1). 
Plants obtained the highest stem yields at 120 days of 
age. In contrast, leaf production was higher for plants 
managed at 90 days intervals between cuts, and there 
was no difference in leaf production between plants 
aged 60 and 120 days. Nitrogen fertilization favored leaf 
and stem biomass production, with the highest values 
being obtained in the treatments that received the high-
est dose of nitrogen. The highest leaf proportion was 
observed for plants managed at 90 days of age between 
cuts, while the lowest leaf proportion was observed for 
plants aged 120 days. The opposite trend was observed 
for the proportion of stem. Nitrogen fertilization did 
not influence the leaf and stem proportions of the plants 
but influenced the production of these constituents. The 
age of the grass influenced the height of the plants, with 
the highest values for plants aged 120 days, followed by 
plants aged 90 days and lower values for plants aged 
60 days. No influence of nitrogen fertilization on plant 
height was observed. 

Nitrogen fertilization (200 kg/ha/year) increased 
the OM content of both the leaf and the stem (Table 2). 
The other parameters were not influenced by nitrogen 
fertilization. On the other hand, the age of the grass 
influenced the concentrations of the nutrients evaluated. 
The contents of CP in the leaf, stem, and whole plant 
decreased by 30.48%, 57.77%, and 49.66%, respectively, 
with an increase in plant age from 60 to 120 days. 

The fibrous fractions of the leaf, stem, and whole 
plant followed an inverse behavior to the CP contents. 
The lowest mean values of NDF, ADF, cellulose, hemi-
cellulose, and lignin were observed for the 60 days 
old grass and the highest for the 120 days old grass. In 
comparison between the 60- and 120-days old grass, 
there was an increase of 79.85% in the lignin content of 
the whole plant.

The IVDMD coefficient decreased by 11.98%, 
25.83%, and 19.26% for leaf, stem, and whole plant, 
respectively, comparing 60- and 120-days old grass. The 
stem was the plant fraction that showed the most sig-
nificant changes in chemical composition (in percentage 
terms) as a function of advancing plant age.

Figure 2. 	Annual production of dry matter (DM) of BRS Capiaçu 
at different cutting ages (60, 90, and 120 days, 
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The evaluation of the effect of cutting age and N 
application on the total nutrient production and the in-
teractions (p<0.05) of both factors, were observed on the 
production of CP, cellulose, hemicellulose, and lignin 
(Figure 3). The highest CP yields (in kg/ha/year) were 
observed for the 60- and 90-days old grass fertilized 
with 200 kg N/ha/year, followed by the 60- and 90-days 
old grass with 100 kg N/ha/year. The least CP produc-
tion was observed for the grass aged 120 days and 
without nitrogen fertilization. In comparing the least 
effective and best treatments, an average increase in an-
nual CP production of 3,160 kg/ha/year was observed, 
i.e., an increase of 146.5% in CP production.

The production of lignin and hemicellulose was 
higher in plants aged 120 days and fertilized with 100 

or 200 kg of N/ha/year. The lowest production of lignin 
and hemicellulose was in the 60 days old grass that did 
not receive nitrogen fertilization. A contrasting behavior 
was observed for cellulose production, which was simi-
lar for 90- and 120-days old grasses, regardless of the 
type of nitrogen fertilization adopted. 

Plants managed with intervals between cuts of 
120 days provided the highest yields of NDF and ADF 
per hectare/year. The yields of NDF and ADF were on 
average 56.3% and 71.1% higher in plants aged 120 days 
compared to plants aged 60 days, respectively, with 
intermediate productions for plants aged 90 days. For 
digestible dry matter (DMD) production, no difference 
was observed between the 90- and 120-days old grass, 
with the 60 days old grass presenting the lowest values 

Table 1. 	Biomass production (whole plant, leaf, and stem), leaf and stem proportions, and height of BRS Capiaçu at different cutting 
ages (60, 90, and 120 days) and different levels of N applied (0, 100, and 200 kg N/ha)

Variables 
Age (days) Dose (kg N/ha)

SEM
P value

60 90 120 0 100 200 A D A*D
Leaf, kg DM/ha/year 22,641b 29,511a 21,068b 16,687C 27,599B 28,934A 252.7 ** * ns
Stem, kg DM/ha/year 24,733c 26,954b 46,449a 23,163C 36,167B 38,806A 336.5 ** ** ns
Leaf, % 45.90b 52.20a 31.13c 42.59 43.85 42.79 0.587 ** ns ns
Stem, % 50.25b 47.80c 68.87a 56.13 54.87 55.92 0.55 ** ns ns
Leaf:Stem ratio, % 0.91b 1.09a 0.45c 0.76 0.8 0.76 0.08 ** ns ns
Height, m 1.73c 2.22b 3.15a 2.36 2.31 2.42 0.037 ** ns ns

Note: 	Means in the same row with different superscripts differ significantly (p<0.05). Averages followed by different letters indicate significant differ-
ences by the Tukey test at 5% probability. Capital letters represent differences between nitrogen doses and lowercase letters represent differences 
between cutting ages. SEM= standard error of mean; DM= dry matter; A= age; D= nitrogen fertilizer dose; ns= non-significant; * = (p<0.05); ** = 
(p<0.01).

Table 2. 	Chemical composition and in vitro dry matter digestibility of leaf and stem (%) of BRS Capiaçu at different cutting ages (60, 
90, and 120 days) and different levels of N applied (0, 100, and 200 kg N/ha)

Variables 
Age (days) Dose (kg N /ha)

SEM
P value

60 90 120 0 100 200 A D A*D
Leaf

DM, % forage 22.54ᵇ 23.94ab 24.57ᵃ 23.45 22.54 23.87 0.037 ** ns ns
Organic matter, % DM 90.13c 90.78ᵇ 91.39ᵃ 90.52B 90.71AB 91.06A 0.107 ** * ns
CP, % DM 12.30ᵃ 9.89ᵇ 8.55c 10.06 10.26 10.42 0.166 ** ns ns
NDF, % DM 68.23c 70.35ᵇ 72.41ᵃ 70.43 70.19 70.37 0.119 ** ns ns
ADF, % DM 37.37c 39.01ᵇ 39.90ᵃ 38.85 38.62 38.82 0.106 ** ns ns
Cellulose, % DM 34.19ᵇ 35.25ᵃ 35.61ᵃ 35.22 34.89 34.95 0.096 ** ns ns
Hemicellulose, % DM 30.85ᵇ 31.34ᵇ 32.51ᵃ 31.58 31.57 31.55 0.15 ** ns ns
Lignin, % DM 3.18c 3.76ᵇ 4.29ᵃ 3.63 3.73 3.87 0.069 ** ns ns
IVDMD, % DM 64.48ᵃ 59.80ᵇ 56.75c 60.4 60.41 60.22 0.254 ** ns ns

Stem
DM, % forage 23.87b 24.87ab 25.27a 23.85 24.12 23.19 0.057 ** ns ns
Organic matter, % DM 89.90c 91.53b 93.40a 91.30B 91.47AB 92.05A 0.170 ** * ns
CP, % DM 6.46a 4.34b 2.73c 4.39 4.44 4.69 0.131 ** ns ns
NDF, % DM 71.74c 74.71b 79.18a 75.17 75.1 75.36 0.164 ** ns ns
ADF, % DM 43.49c 47.48b 52.99a 47.86 47.89 48.21 0.230 ** ns ns
Cellulose, % DM 38.11c 40.39b 43.92a 40.78 40.72 40.91 0.162 ** ns ns
Hemicellulose, % DM 28.25a 27.23b 26.19c 27.3 27.21 27.15 0.222 ** ns ns
Lignin, % DM 5.39c 7.10b 9.07a 7.08 7.17 7.30 0.089 ** ns ns
IVDMD, % DM 59.60a 52.52b 44.20c 52.17 52.3 51.85 0.305 ** ns ns

Note: 	Means in the same row with different superscripts differ significantly (p<0.05). Averages followed by different letters indicate significant differ-
ences by the Tukey test at 5% probability. Capital letters represent differences between nitrogen doses and lowercase letters represent differences 
between cutting ages. SEM= standard error of mean; DM= dry matter; CP= crude protein; NDF= neutral detergent fiber; ADF= acid detergent 
fiber; IVDMD= in vitro dry matter digestibility; A= age; D= dose. ns= non-significant; * = (p<0.05); ** = (p<0.01).
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for this parameter. The fertilization favored the increase 
in NDF, ADF, and DMD production, especially in the 
treatment that received the highest doses of nitrogen. 
The production of DMD of plants that received 200 kg 
of N/ha, was 5.86 and 69.20% higher than that of plants 
that received 100 N/ha and no fertilization, respectively. 

There were interaction effects (p<0.05) between 
cutting age and N application on EUAN (Figure 4). 
Although fertilization with 200 kg N/ha showed, in 
general, the highest yields of plants and nutrients per 
hectare, this treatment showed lower efficiency of N use 
applied, regardless of plant age (Figure 4). Based on a 

Table 3. 	Chemical composition and in vitro digestibility of dry matter (%, whole plant) and annual nutrient production (kg/ha) of BRS 
Capiaçu at different cutting ages (60, 90, and 120 days) and different levels of N applied (0, 100, and 200 kg N/ha)

Variables 
Age (days) Dose (kg N /ha)

SEM
P value

60 90 120 0 100 200 A D A*D
%, DM

DM, % forage 19.50a 22.80b 26.44c 22.07 23.36 23.31 0.343 ** ns ns
Organic matter, % DM 90.34c 91.46b 92.75a 91.22B 91.44AB 91.89A 0.136 ** * ns
CP, % DM 8.98a 7.27b 4.52c 6.73 6.93 7.1 0.124 ** ns ns
NDF, % DM 67.33c 72.80b 77.05a 72.43 72.25 72.49 0.131 ** ns ns
ADF, % DM 39.35c 43.45b 49.13a 44.02 43.78 44.13 0.173 ** ns ns
Cellulose, % DM 35.08c 37.95b 41.46a 38.27 38.02 38.2 0.113 ** ns ns
Hemicellulose, % DM 27.98b 29.35a 27.92b 28.42 28.46 28.37 0.179 ** ns ns
Lignin, % DM 4.27c 5.50b 7.68a 5.75 5.77 5.93 0.078 ** ns ns
IVDMD, % DM 59.43a 55.72b 47.98c 54.37 54.55 54.22 0.226 ** ns ns

kg/ha
Organic matter 44,525c 51,679b 62,671a 36,825B 59,047A 63,002A 1,959.2 * ** ns
NDF 33,156c 41,112b 52,045a 29,366C 46,967B 49,979A 877.9 ** * ns
ADF 19,376c 24,555b 33,164a 17,943B 28,602A 30,551A 738.3 ** * ns
DMD 29,290b 31,464a 32,382a 21,699C 34,674B 36,763A 523.1 * * ns

Note: 	Means in the same row with different superscripts differ significantly (p<0.05). Averages followed by different letters indicate significant dif-
ferences by the Tukey test at 5% probability. Capital letters represent differences between doses of nitrogen and lowercase letters represent dif-
ferences between cutting ages, SEM= standard error of mean; DM= dry matter; N= natural matter; CP= crude protein; NDF= neutral detergent 
fibre; ADF= acid detergent fibre; IVDMD= in vitro dry matter digestibility; DMD= digestible dry matter; A= age; D= dose. ns= non-significant; * = 
(p<0.05); ** = (p<0.01).

Figure 3. 	Annual production (kg/ha) of cellulose (A), hemicellulose (B), crude protein (C), and lignin (D) of BRS Capiaçu at different 
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comparison of the efficiency of utilization of applied ni-
trogen, it can be seen that the grass at 90 days of age and 
that received the application of 100 kg of N/ha was the 
one that had the highest values of EUAN for production 
of DM, SW, CP, and DMD (in kg/ha/year). Regardless of 
the plant age, the utilization of nitrogen applied for the 
production of DM, CP, and DMD (in kg/ha/year) was on 
average 71.37%, 72.26%, and 58.63% higher for the dose 
of 100 kg N/ha/year when compared to the dose of 200 
kg N/ha/year.

DISCUSSION

The BRS Capiaçu is an elephant grass cultivar 
with high biomass production per hectare. This study 
showed that the use of nitrogen fertilizer and adequate 
soil conditions could increase the production of this 
cultivar. Initial studies with this cultivar showed an 
average biomass production of 49.75 tons DM/ha/year 
(Pereira et al., 2017), approximately 64% of the product 
obtained in this study.

Corroborating the present study, Monção et al. 
(2020) obtained an average of 72 tons DM/ha/year 
when applying a dose of 30 kg N/ha/year (50 kg/ha/
cut of the formula 20-00-20 of N-P-K), showing that 
nitrogen fertilization favors the growth of BRS Capiaçu. 
It is likely that BRS Capiaçu can be more demanding 
in nutrients than the cultivars used in its development 
because Flores et al. (2012) observed no effect of nitrogen 
fertilization on the productivity of the elephant grass 
cultivars Paraíso and Roxo (Roxo cultivar involved in 
the crossbreeding that gave rise to BRS Capiaçu). 

The variation in results observed in the literature 
between biomass production and nitrogen doses can 
be explained by the capacity of some elephant grass 
cultivars to fix atmospheric nitrogen (BNF). According 
to Morais et al. (2012), the BNF dependence of elephant 
grass varies with the type of soil and genotype and 
may reach up to 50% of the N needs of elephant grass. 
According to these authors, the presence of N2-fixing 
bacteria of the genus Herbaspirillum spp. reinforces the 
possibility that biological nitrogen fixation is an impor-
tant process for the survival and productivity of this 
forage species. The occurrence of BNF may explain the 
low need for nitrogen fertilizer in terms of efficiency of 
N use (kg DM grass/kg N applied) of elephant grass cul-
tivars compared to other forage grass species (Oliveira et 
al., 2014). 

Although N directly participates in synthesizing 
the primary organic compounds necessary for plant 
growth and development (Orrico Junior et al., 2012; 
Vasconcelos et al., 2020), no increase in canopy height 
was observed with the use of N fertilizer. Likely, the 
greater availability of N in the soil in treatments with 
100 and 200 kg N/ha provided a greater number of 
plants/m2 (more intense tillering) or greater weight of 
DM/plant. This would explain the increase in biomass 
production without any increase in plant height in the 
canopy. Bueno et al. (2020), when evaluating increas-
ing doses of nitrogen (0, 50, 100, 150, and 200 kg/ha/
year) in fertilization of elephant grass, also observed no 
changes in plant height in the second year of evaluation. 
However, the plants showed higher values of individual 
weight and a greater number of tillers per area. 

Figure 3. 	Utilization efficiency of applied nitrogen (EUAN) for yields of dry matter (A: p<0.01 and SEM = 17.19), organic matter (B: 
p<0.01 and SEM = 15.89), digestible dry matter (C: p<0.01 and SEM = 9.23), and crude protein (D: p<0.01 and SEM = 1.21) of 
BRS Capiaçu at different cutting ages (60, 90, and 120 days) and different levels of N applied (0, 100, and 200 kg N/ha). Bars 
indicated by different letters indicate significant differences by the Tukey test at 5% probability. = 100 kg N; = 200 kg N.
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The results of biomass production by morphologi-
cal component showed that BRS Capiaçu had a peak in 
the production and proportion of leaves at 90 days of 
plant age, after which there was a significant decrease 
in the production. The decrease in leaf production 
observed may be linked to the natural process of leaf se-
nescence, in which the oldest leaves initiate the process 
of cell death, directing part of their nutrients to other 
parts of the plant (the drainage organs) that are in the 
development phase (Avila-Ospina et al., 2014). 

In this case, the stem was the plant fraction that had 
the greatest development as the plant age increased. 
According to Pereira et al. (2017), BRS Capiaçu can reach 
4.2 m in height and a stem diameter of 1.6 cm, requiring 
a large deposition of fibrous (lignified) support tissues 
to maintain the plant structure. This explains the high 
production of stems observed in this experiment for 120-
days old grass and with the use of nitrogen fertilizer.

The high leaf to stem ratio is generally used as an 
indicator of the nutritional value of grass because leaves 
have high proportions of mesophyll cells, which are 
more digestible than lignified stems, rich in parenchyma 
cells, and mainly of chlorophyll compounds (Taiz et al., 
2017; Adesogan et al., 2019). In addition, the digestibility 
of the plant is also dependent on its stage of develop-
ment. At the early developmental stage, the primary cell 
wall of plants is composed of cellulose, arabinoxylans, 
xyloglucans, mixed-linked glucans, pectin, proteins, and 
ferulic p-coumaric acids in grasses and lignin deposi-
tion is very limited during this early stage (Taiz et al., 
2017). The secondary phase of cell wall development 
begins after the mature plant cell reaches its final size 
and the secondary cell walls are deposited (Taiz et al., 
2017). During this phase, lignin deposition intensifies 
in the primary wall region of the middle lamella, which 
is the least digestible portion (Taiz et al., 2017). Both in 
this study and Monção et al. (2020), increases in lignin 
levels led to a significant reduction in the digestibility of 
DM, leading to more intense drops in the quality of BRS 
Capiaçu, especially after 90 days of plant age.

The lower OM contents in the younger grasses may 
be related to the low cutting height of the grass (5 cm 
from the ground). According to Diehl et al. (2014), with 
a lower height of forest canopy, the proportion of soil 
particles that can be adhered to the plants and that end 
up being quantified as mineral matter can be higher. 
Thus, due to the dilution effect, there is an increase in 
the OM content when biomass production increases 
(effect of age and fertilization). Another explanation for 
this would be a greater synthesis of organic tissues due 
to the maturity of the plants and/or the availability of 
nutrients (nitrogen fertilization), leading to a reduction 
in the proportion of mineral matter in the final composi-
tion of the plant (Ullah et al., 2010).

The decrease in the nutritional value of the plants 
after 90 days of age was reflected in the total production 
of CP/ha. The plants that were 120 days old had the 
lowest CP/ha, regardless of fertilization. The low levels 
of CP observed in the 120-day-old plants (4.52% CP) re-
quire greater participation of protein concentrates in the 
formulation of animal diets, which results in high feed 
costs (Adesogan et al., 2004). 

The balance between the production of DM and 
the nutritional quality of the grass is certainly the most 
interesting option for efficient plant management. In 
the case of this experiment, the production of nutrients/
ha was superior for most of the parameters evaluated 
for fertilization with 200 kg N/ha/year. However, when 
comparing the efficiency of utilization of applied nitro-
gen, the dose of 100 kg N/ha/year associated with 90 
days old grass was the treatment that presented the best 
results. This is the most appropriate option when seek-
ing greater efficiency of the system.

Similar results were obtained by Bueno et al. 
(2020), who also reported that the dose of 100 kg/ha/
year showed greater efficiency of utilization of applied 
N when compared to doses of 150 and 200 kg/ha/year. 
These results may indicate that the biological fixation 
of nitrogen common in some cultivars of elephant 
grass (Morais et al., 2012) may also have played a role 
in this experiment, thus reducing the need for large 
amounts of nitrogen via mineral fertilization. Another 
justification for the greater efficiency of N use applied 
at a dose of 100 kg N/ha/year may be linked to the 
theory of Mitscherlich’s law, or the theory of decreas-
ing increments. The theory states that increases in crop 
production tend to reduce as the dose of a particular nu-
trient increases, i.e., there are no proportional increases 
between plant production and the amount of N applied 
(Pilbeam, 2011).

CONCLUSION

The cutting of BRS Capiaçu at 90 days of age with 
an N application of 100 kg/ha/year proved to be the best 
treatment tested because it was the one that showed the 
best balance between biomass production, nutritional 
quality, nutrient production in kg/ha, and efficiency of 
N applied.

CONFLICT OF INTEREST

We certify that there is no conflict of interest with 
any financial, personal, or other relationships with other 
people or organization related to the material discussed 
in the manuscript.

ACKNOWLEDGEMENT

Appreciation is extended to the Coordination 
for the Improvement of Higher Education Personnel 
(CAPES; Brasilia, DF, Brazil) and the National Council 
of Technological and Scientific Development (CNPq; 
Brasilia, DF, Brazil) for their investments in the authors.

REFERENCES

Adesogan, A. T., K. G. Arriola, Y. Jiang, A. Oyebade, E. M. 
Paula, J. J. Romero, L. F. Ferraretto, & D. Vyas. 2019. 
Symposium review: Technologies for improving fiber 
utilization. J. Dairy Sci. 102:1-30. https://doi.org/10.3168/
jds.2018-15334

Adesogan, A. T., M. B. Salawu, S. P. Williams, W. J. Fisher, & 
R. J. Dewhurst. 2004. Reducing concentrate supplementa-
tion in dairy cow diets while maintaining milk production 



186     June 2022

ALVES ET AL. / Tropical Animal Science Journal 45(2):179-186

with pea-wheat intercrops. J. Dairy Sci. 87:3398-3406.  
https://doi.org/10.3168/jds.S0022-0302(04)73475-X

Avila-Ospina, L., M. Moison, K. Yoshimoto, & C. Masclaux-
Daubresse. 2014. Autophagy, plant senescence, and nu-
trient recycling. J. Exp. Bot. 65:3799-3811. https://doi.
org/10.1093/jxb/eru039

Bueno, A. M., A. F. de Andrade, K. A. Viçosi, R. A. Flores, C. 
R. Sette, T. Q. G. da Cunha, & G. G. Santos. 2020. Does 
nitrogen application improve elephant grass yield and en-
ergetic characteristics of biofuels? Bioenergy Res.  https://
doi.org/10.1007/s12155-020-10198-5

Diehl, M. S., C. J. Olivo, C. A. Agnolin, R. L Azevedo Junior, 
V.F. Bratz, & J.C Dos Santos. 2014. Massa de forragem e 
valor nutritivo de capim elefante, azevém e espécies de 
crescimento espontâneo consorciadas com amendoim for-
rageiro ou trevo vermelho. Cienc. Rural. 44:1845-1852

Flores, R. A., S. Urquiaga, B. J. R. Alves, L. S. Collier, & R. 
M. Boddey. 2012. Yield and quality of elephant grass 
biomass produced in the cerrados region for bioen-
ergy. Eng. Agric. 32:831-839. https://doi.org/10.1590/
S0100-69162012000500003

Monção, F. P., M. A. M. S. Costa, J. P. S. Rigueira, E. C. J. de 
Sales, D. B. Leal, M. F. P. da Silva, V. M. Gomes, J. M. A. 
Chamone, D. D. Alves, C. da Cunha Siqueira Carvalho, J. 
E. J. Murta, & V. R. R. Júnior. 2020. Productivity and nutri-
tional value of BRS capiaçu grass (Pennisetum purpureum) 
managed at four regrowth ages in a semiarid region. Trop. 
Anim. Health Prod. 52:235-241.  https://doi.org/10.1007/
s11250-019-02012-y

Monção, F. P., M. A. M. S. Costa, J. P. S. Rigueira, M. M. A. 
Moura, V. R. Rocha, V. M. Gomes, D. B. Leal, C. M. A. 
Maranhão, C. J. B. Albuquerque, & J. M. A. Chamone. 
2019. Yield and nutritional value of BRS Capiaçu grass 
at different regrowth ages. Semin. Agrar. 40:2045-2055. 
https://doi.org/10.5433/1679-0359.2019v40n5p2045

Morais, R. F., D. M. Quesada, V. M. Reis, S. Urquiaga, B. J. R. 
Alves, & R. M. Boddey. 2012. Contribution of biological 
nitrogen fixation to Elephant grass (Pennisetum purpureum 
Schum.). Plant Soil. 356:23-34. https://doi.org/10.1007/
s11104-011-0944-2

Oliveira, T. S. De, F. D. P. Leonel, J. C. Pereira, C. J. Silva, D. F. 
Baffa, & J. T. Zervoudakis. 2014. Yield, chemical composi-
tion, and efficiency of use of nitrogen by Marandu grass. 
Rev. Bras. Zootec. 43:440-444.  https://doi.org/10.1590/
S1516-35982014000800007

Orrico Junior, M. A. P., S. R. Centurion, A. C. Amorim Orrico, 
& N. da Silva Sunada. 2012. Effects of biofertilizer rates on 
the structural, morphogenetic and productive characteris-
tics of Piatã grass. Rev. Bras. Zootec. 41:1378-1384.  https://
doi.org/10.1590/S1516-35982012000600009

Orrico, M. A. P. J., A. C. A. Orrico, S. R. Centurion, N. da S. 
Sunada, & F. M. de Vargas Junior. 2013. Características 
morfogênicas do capim-piatã submetido à adubação com 
efluentes de abatedouro avícola. Ciênc. Rural. 43:158-163.  
https://doi.org/10.1590/S0103-84782012005000125

Pereira, A. V., F. J. S. Lédo, & J. C. Machado. 2017. BRS Kurumi 
and BRS Capiaçu - New elephant grass cultivars for grazing 
and cut-and-carry system. Crop Breed. Appl. Biotechnol. 
17:59-62. https://doi.org/10.1590/1984-70332017v17n1c9

Pereira, A. V., F. J. da S. Ledo, M. J. F. Morenz, J. L. B. Leite, 
A. M. B. dos Santos, C. E. Martins, & J. C. Machado. 
2016. BRS Capiaçu: Cultivar de Capim-Elefante de Alto 
Rendimento Para Produção de Silagem. Embrapa 79:1-6.

Pilbeam, D. J. 2018. The utilization of nitrogen by plants: A 
whole plant perspective. Ann. Plant Rev. 42:305-351. 
https://doi.org/10.1002/9781444328608.ch13

Rodolfo, G. R., D. Schmitt, K. M. Dias, & A. F. Sbrissia. 2015. 
Levels of defoliation and regrowth dynamics in elephant 
grass swards. Ciênc. Rural. 45: 1299-1304.  https://doi.
org/10.1590/0103-8478cr20141094

Santos, H. G., P. K. Jacomine, L. H. C. Anjos, V. A. Oliveira, J. 
F. Lumbreras, M. R. Coelho, J. A. Almeida, J. C. Araújo 
Filho, J. B. Oliveira, & T. J. F. Cunha. 2018. Sistema 
brasileiro de classificação de solos. Embrapa 2018: 356.

Shenk, J. S., M. O. Westerhaus, & M. R. Hoover. 1979. Analysis 
of forages by infrared reflectance. J. Dairy Sci. 62:807-812. 
https://doi.org/10.3168/jds.S0022-0302(79)83330-5

Silva, A. R. P., F. J. Dias, J. P. F. Rufino, E. de S. Tanaka, & M. 
M. Lopes. 2020. Effect of using inoculant on elephant grass 
silage with additives. Acta Sci. Anim. Sci. 42:1-7. https://
doi.org/10.4025/actascianimsci.v42i1.50533

Silveira, A. P., M. A. Orrico Junior, A. C. A. Orrico, A. W. 
Schwingel, P. L. Carnavali, & D. C. Alves. 2018. Use of 
organic compost for the fertilization of Piatã and Paiaguás 
grasses: effects of dose on morphogenetic, structural, nu-
tritional, and productive characteristics. Compost. Sci Util. 
26:1-8.  https://doi.org/10.1080/1065657X.2018.1457998

Siri-Prieto, G., M. Bustamante, V. Picasso, & O. Ernst. 2020. 
Impact of nitrogen and phosphorous on biomass yield, ni-
trogen efficiency, and nutrient removal of perennial grass-
es for bioenergy. Biomass Bioenergy. 136:105526.  https://
doi.org/10.1016/j.biombioe.2020.105526

Taiz, L., E. Zeiger, I. M Møller, & A. Murphy. 2017. Fisiologia 
e desenvolvimento vegetal. 6th ed. Porto Alegre, Artmed. 

Tessema, Z. K., J. Mihret, & M. Solomon. 2010. Effect of defo-
liation frequency and cutting height on growth, dry-mat-
ter yield and nutritive value of Napier grass (Pennisetum 
purpureum (L.) Schumach). Grass Forage Sci. 65:421-430.  
https://doi.org/10.1111/j.1365-2494.2010.00761.x

Ullah, M. A., M. Anwar, & A. S. Rana. 2010. Effect of nitrogen 
fertilization and harvesting intervals on the yield and for-
age quality of elephant grass (Pennisetum purpureum) un-
der mesic climate of Pothowar plateau. Pak. J. Agric. Sci. 
47:231- 234.

Vasconcelos, E. C. G., M. J. D. Cândido, R. C. F. Pompeu, A. 
C. R. Cavalcante, & M. N. Lopes. 2020. Morphogenesis 
and biomass production of ‘ BRS Tamani ‘ guinea grass 
under increasing nitrogen doses. Pesqui. Agropecu. Bras. 
55. https://doi.org/10.1590/s1678-3921.pab2020.v55.01235


