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ABSTRACT: There is little information about whether the increased secondary productivity observed in pastures fertilized with high nitrogen
rates is attributable to fluctuations in the nutritional value or pasture structural characteristics, or both. This study aimed to identify a set of
factors (structural and nutritional characteristics) that best explain the performance of beef steers grazing Mombasa grass pastures under
residual effects of nitrogen fertilizer. The data were collected in Mombasa grass pastures fertilized with increasing rates of nitrogen (N)
(100, 200 and 300 kg ha-1) from 2015 to 2017. In 2018, nitrogen fertilization was not used in order to characterize a residual effect of the
nutrient. Variables related to pasture structural characteristics such as forage accumulation rate (FAR), canopy height, forage mass (FM)
and morphological components were evaluated. The study also evaluated the nutritional value of leaf blades and the performance of beef
steers based on average daily gain (ADG) and stocking rate. Principal component analysis was performed using the dataset available. Most
of the variance (99.6%) was explained by only two principal components (PCs), of which 90.0% corresponded to PC1. The most influential
parameters for PC1, in order of priority, were: FAR, FM, leaf blade and stem masses. These variables were positively associated with stocking
rate. Conversely, ADG was not associated with any variable. ADG was the most relevant variable for the second PC; however, this PC
explained less variance (9.6%). The structural characteristics of the pasture (FAR, FM and morphological components mass) better explain
the fluctuations in the performance of cattle on pastures of Mombasa grass under residual effects of nitrogen fertilizer. The stocking rate is an
efficient parameter to support decision-making in managed pastures with variable stocking.
Key words: canopy structure, cattle, multivariate, nutritive value, pasture fertilization.

Análise de componentes principais entre o desempenho de novilhos de corte e as características
estruturais e nutricionais do capim-mombaça
RESUMO: Há pouca informação sobre se o aumento da produtividade secundária observada em pastagens fertilizadas com altas taxas
de nitrogênio é atribuível a flutuações no valor nutricional ou nas características estruturais das pastagens, ou em ambas. Objetivou-se
identificar grupos de caraterísticas (estruturais e nutricionais) que melhor explicassem o desempenho de novilhos de corte em pastos de
capim-mombaça sob efeito residual de doses de nitrogênio. Os dados foram coletados em pastos de capim-mombaça que receberam três doses
anuais de nitrogênio (N) (100, 200 e 300 kg ha-1) de 2015 a 2017. No ano de 2018 não foi utilizada adubação nitrogenada, para caracterizar
o efeito residual do nutriente. As variáveis avaliadas foram relacionadas às características estruturais, taxa de acúmulo de forragem (TAF),
altura do dossel, massa de forragem (MF) e dos componentes morfológicos. Também foi avaliado o valor nutritivo da lâmina foliar e o
desempenho dos novilhos através do ganho médio diário (GMD) e da taxa de lotação. A partir do banco de dados foi realizada a análise
de componentes principais. Os resultados demonstraram que 99,6% da variação no conjunto de dados foram explicados por apenas dois
componentes principais (CPs), e 90,0% desse valor corresponde ao CP1. As características de maior magnitude para a diferenciação dos
tratamentos no CP1, em ordem de prioridade foram: TAF, MF, massas de lâmina foliar e de colmo. Essas variáveis estiveram positivamente
associadas com a taxa de lotação. Já o GMD não se relacionou com nenhuma variável. O GMD foi a variável de maior importância para o
segundo CP, entretanto, esse CP teve pouca contribuição (9,6%) para a elucidação do resultados. As características estruturais (TAF e MF e
compondes morfológicos) do pasto explicam melhor as oscilações em pastos de capim-mombaça sob efeito residual de doses de nitrogênio. A
taxa de lotação é um parâmetro eficiente para apoiar a tomada de decisão em pastos manejados com lotação variável.
Palavras-chave: adubação de pastagens, bovinos, estrutura do pasto, multivariada, valor nutritivo.

INTRODUCTION
The productivity of pastures depends on
both individual animal performance and stocking rate
(DIFANTE et al., 2010; EUCLIDES et al., 2017).
Individual performance, on the other hand, depends
Received 04.04.20

on the animal’s genetic potential, forage quantity
and quality and canopy structure (EMERENCIANO
NETO et al., 2018). Nitrogen supply increases
plant primary productivity (BERNARDI et al.,
2018) and may change the nutritive value of the
forage (CASTAGNARA et al., 2011). Quantitative
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and qualitative modifications can lead to different
outcomes in animal production, for this reason it is
necessary to recognize the extension of the effect
of the increase in secondary productivity observed
in pastures fertilized with high nitrogen rates,
identifying whether its performance is limited to the
greater in the fluctuation of the nutritional value or in
the structural characteristics of the pasture, or both.
An effective way to validate these
responses is through principal component analysis
(PCA). This analysis seeks, based on a large
number of original correlated characteristics, to
obtain linear combinations of these characteristics,
known as principal components, in such a way that
the correlation between these variables is null (DA
SILVA & SBRISSIA, 2010; OLIVEIRA et al., 2019).
This type of analysis has the potential to be applied in
the interpretation of data on forage plants (DA SILVA
& SBRISSIA, 2010).
This multivariate statistical analysis, the
PCA, allowed us to understand the simultaneous
effect of the analyzed variables and to identify small
variations in their use. The variance contained in each
variable is expressed by Eigenvalues, which show
what variables most interfere with the total variance
of the set of variables. The largest Eigenvalue is
associated with the first principal component, the
second-largest Eigenvalue relates to the second
principal component, until the smallest Eigenvalue,
which is associated with the last principal component.
Therefore, in PCA, the first principal component is
considered as the most important element (OLIVEIRA
et al., 2019).
Therefore, this study aimed to identify a
set of factors that best explain the performance of
beef steers grazing Mombasa grass pastures under
residual effects of nitrogen fertilizer.
MATERIALS AND METHODS
The data were obtained from an experiment
carried out at Embrapa Beef Cattle (located in
Campo Grande - MS, latitude 20°27’S and longitude
54º37’W). The experimental period lasted from July
11th, 2017 to May 22nd, 2018 - 196 days. According
to the Köppen classification, the region has a tropical
savanna climate (Aw) with a well-defined dry season
from May to September. During the experimental
period, the average temperature was 25.5 °C and
the total rainfall reached 1108.3 mm. The soil of
the experimental area is classified as Red Latosol,
with clay percentages ranging from 30 to 35%
(EMBRAPA, 2013).

The pastures were sown in 2008 and
2010 with Mombasa grass (Panicum maximum cv.
Mombasa) and, since then, have been grazed by
beef cattle under an intermittent grazing system. The
experimental area of 13.5 ha was divided into three
blocks, which were divided into three modules of 1.5
ha containing six paddocks of 0.25 ha each.
The pastures were fertilized with three
annual applications of nitrogen fertilizer as urea
(100, 200 and 300 kg ha-1 of N) during three
consecutive years (2014/2015, 2015/2016 and
2016/2017), in addition to topdressing fertilization
with 80 kg ha-1 of P2O5 and 80 kg of K2O. No topdress fertilizer nor nitrogen was used after the 2017
rainy season in order to characterize the residual
effect of nitrogen application.
An intermittent grazing system with
variable stocking rate was used. A total of 54 male
Nellore animals with an initial mean live weight of
205 ± 26 kg were used and remained in the paddocks
throughout the experimental period. A variable
number of regulator animals (60 animals) were used
to adjust the stocking rate during the grazing period.
The stocking rate was adjusted to maintain the postgrazing canopy height between 40-50 cm, following
the recommendation of EUCLIDES et al. (2015).
The animals had ad libitum access to water and
mineral salt during the experimental period. Thus, the
evaluations on animals and pasture were monitored
for six grazing cycles, totaling 54 (N) information for
the variables related to animals and pasture.
Pasture evaluations were carried out in a
paddock of each module at each grazing cycle in the
pre-grazing condition. Pasture canopy height was
measured at 40 representative points distributed in five
imaginary lines per paddock using a centimeter ruler.
The canopy height at each paddock corresponded to
the average height of the curvature of upper leaves
around the ruler (EUCLIDES et al., 2015).
Forage mass was estimated by cutting
forage samples above ground level in nine 1.0 m²
squares randomly distributed in each paddock.
Samples were stored in paper bags, weighed and ovendried at 55°C to constant weight for determination
of the dry matter content (EUCLIDES et al., 2015).
Three sub-samples were taken for evaluation of
morphological components (leaf blade, stem and
senescent material).
These components were oven-dried as
previously described for estimation of the leaf blade
mass, stem mass and senescent material mass. Forage
accumulation rate was calculated as the difference
between the current pre-grazing mass and the postCiência Rural, v.51, n.1, 2021.
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grazing forage mass from the previous grazing cycle
(considering only the green components - leaves
and stems), divided by the number of days between
samplings (EUCLIDES et al., 2015).
Leaf samples were ground in a Wileymill to pass a 1-mm mesh screen and analyzed for
in vitro organic matter digestibility (IVOMD), and
contents of organic matter (OM), crude protein (CP),
neutral detergent fiber (NDF) and acid detergent
fiber (ADF) using the near-infrared reflectance
spectroscopy (NIRS). For NIRS analyses, the curves
were calibrated on a Foss NIR Systems model 5000
(FOSS, Hilleroed, Denmark) using ISI WINISI II
Project Manager Software V1.02 (FERNANDES et
al., 2020).
Tester and regulator animals were weighed
every 56 days. The stocking rate was adjusted on a
weekly basis based on the post-grazing canopy height.
The stocking rate was calculated as the product of the
mean live weight of tester and regulator animals by
the number of days they remained in the experimental
module (Petersen and Lucas Junior, 1968). The
average daily gain (ADG) was calculated as the
difference between the final and initial live weight of
tester animals divided by 196 days, expressed in kg/
animal/day.
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Before performing the principal component
analysis, data were submitted to KMO (KaiserMeyer-Olkin) analysis, with a result above 0.85. This
procedure indicated that the data can be subjected to
multivariate analysis. The data set was standardized
to be used in the principal component analysis;
therefore, each descriptor had null mean and unit
variation. This analysis allowed reducing the space
of the original variables into a smaller set, preserving
the original data variability to the maximum. All
statistical analyses were performed using software R,
version 3.4.0 (R Development Core Team, 2008).
RESULTS AND DISCUSSION
The descriptive statistics of nutritional,
structural and animal performance characteristics
(Table 1) show that pastures under the residual effect
of 300 kg ha-1 of N were slightly superior for structural
and animal performance variables. However, based
on the analysis of data, variables related to nutritional
value varied little between treatments.
The results of the PCA showed that most
of the variance in the dataset (99.6%) was explained
by only two principal components (Table 2). The
cumulative variance should be at least 70% for

Table 1 - Average, minimum (Min), maximum (Max) and standard deviation values for nutritional and structural pasture characteristics
and animal performance traits.
------------100 kg ha-1 N------------

-----------200 kg ha-1 N----------

---------300 kg ha-1 N---------

Variables

N

Average

Min - Max

Average

Min - Max

Average

Min - Max

OM (%)

54

89.9 ± 0.7

88.7 - 90.9

90.2 ± 0.7

88.4 - 91.3

90.3 ± 0.7

89.0 - 91.1

CP (%)

54

8.8 ± 1.0

7.4 - 11.3

9.4 ± 1.5

7.6 - 12.7

9.6 ± 1.3

8.3 - 12.8

NDF (%)

54

74.7 ± 2.3

72.1 - 80.0

75. 0 ± 2.1

71.0 - 78.7

75.2 ± 2.1

70.1 - 78.6

ADF (%)

54

41.0 ± 1.6

37.7 - 43.6

41.0 ± 2.0

37.0 - 44.2

40.9 ± 1.6

37.7 - 43.2

IVOMD (%)

54

54.9 ± 4.0

50.1 - 63.5

55.5 ± 4.6

48.4 - 62.2

55.5 ± 4.2

48.2 - 61.5

Canopy height (cm)

54

71.7 ± 13.1

47.7 - 84.3

75.2 ± 14.5

47.9 - 94.2

75.8 ± 13.8

48.0 - 92.8

FM (Ton ha-1 DM)

54

3.4 ± 0.4

2.5 - 4.1

3.6 ± 0.5

2.5 - 4.7

3.9 ± 0.7

2.8 - 5.0

LBM (Ton ha-1 DM)

54

1.8 ± 0.4

0.9 - 2.5

2.0 ± 0.6

0.8 - 2.8

2.2 ±0.7

0.8 - 3.2

SM (Ton ha-1 DM)

54

0.6 ± 0.1

0.3 - 0.8

0.8 ± 0.2

0.6 - 1.2

0.9 ± 0.2

0.6 - 1.3

SMM (Ton ha-1 DM)

54

1.0 ± 0.4

0.4 -2.0

0.9 ± 0.7

0.2 - 2.4

0.9 ± 0.5

0.2 - 2.2

FAR (kg ha-1day-1)

54

26.7 ± 19.8

-13.6 - 50.4

36.3 ± 27.4

-7.1 - 76.7

43.4 ± 28.3

-11.4 - 75.9

ADG (kg/day)

54

0.5 ± 0.2

0.2 - 0.8

0.5 ± 0.1

0.2 - 0.7

0.6 ± 0.1

0.2 - 0.6

Stocking rate (AU ha-1) *

54

2.7 ± 0.7

1.0 - 3.3

3.1 ± 1.0

1.3 - 5.0

4.0 ± 1.3

1.3 - 6.1

N: number of observations; OM: Organic matter; CP: Crude protein; NDF: Neutral detergent fiber; ADF: Acid detergent fiber; IVOMD:
in vitro organic matter digestibility; FM: Forage mass; LBM: Leaf blade mass; SM: Stem mass; SMM: Senescent material mass; FAR:
Forage accumulation rate; ADG: Average daily gain. *Animal unit (1 AU = 450 kg live weight).
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Table 2 - Principal component analysis: standard deviation, proportion of variance explained by each component, cumulative variance
and correlations between the principal components and the original variables.
PC1

PC2

PC3

Standard deviation

3.428

1.116

6.215-14

Proportion

0.900

0.096

0.004

Cumulative variance

0.900

0.996

1.000

-----------------------------------------Correlations-----------------------------------------Organic matter

0.983

-0.017

-0.451

Crude protein

0.992

0.048

-0.445

Neutral detergent fiber

0.999

0.134

-0.434

Acid detergent fiber

-0.989

-0.305

0.403

IVOMD

0.952

0.014

-0.456

Canopy height

0.999

0.208

-0.422

Forage mass

0.999

0.161

-0.430

Leaf blade mass

0.999

0.208

-0.422

Stem mass

0.999

0.109

-0.438

Senescent material mass

-0.999

-0.194

0.425

Forage accumulation rate

0.999

0.150

-0.432

Average daily gain

0.932

0.510

-0.344

Stocking rate

0.993

0.278

-0.409

IVOMD: in vitro organic matter digestibility.

accurate analysis (DA SILVA & SBRISSIA, 2010;
OLIVEIRA et al., 2019).
The first PC explained 90.0% of the data
total variance. The significance of each variable
can be observed by the correlation between the data
correlation matrix and the component matrix (Table
2). For the first component, all variables contributed to
the variance and were essential in the study; however,
the structural variables were slightly more relevant
(canopy height, forage mass (FM), leaf mass (LBM),
stem mass (SM), forage accumulation rate (FAR))
and neutral detergent fiber (Table 2). The average
daily gain was the most relevant variable in PC2;
however, this PC explained less variance (9.6%).
The results of the principal components
(Table 2) showed that the most relevant characteristics
for the differentiation of Mombasa grass pastures
under the effects of different residual nitrogen rates,
in order of priority, were: forage accumulation rate,
forage mass, leaf mass, stem mass, canopy height,
and NDF (PC1). This single PC explains 90% of the
data variance. The combination of these variables
was probably related to the forage accumulation
triggered by the residual effect of the highest rate of
N (300 kg of N).

As soil nitrogen becomes available, all
photosynthetic processes are boosted, especially
those related to leaf and tiller structure (PONTES
et al., 2016), such as size, mass and appearance
rate (BASSO et al., 2010) and population density
(PITMAN, 2012). Thus, it results in higher forage
accumulation rates (LOPES et al., 2013), forage mass
(CANTO et al., 2013) and leaf mass (PONTES et al.,
2016), which, in turn, increase the amount of forage
available (FONTES et al., 2014).
The absence of variables related to the
nutritional value of Mombasa grass among the
variables of greater relevance, except for NDF,
may be related to pasture management, especially
regarding pre- and post-grazing height. In our study,
pasture management was similar between treatments,
which results in low fluctuation in the nutritional
value of the leaves.
The first PC associated the structural
variables of the pasture with the stocking rate. In the first
PC, canopy height, FM, LBM and FAR were positively
associated with stocking rate (Figure 1). This result was
consistent with the pasture management since more
animals are needed to maintain the post-grazing height
targets (40-50 cm) as the forage production increases.
Ciência Rural, v.51, n.1, 2021.
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Figure 1 - Principal component analysis (PCA) biplots
of the first principal component (x-axis) and
second principal component (y-axis). OM:
Organic matter; CP: Crude protein; NDF:
Neutral detergent fiber; ADF: Acid detergent
fiber; IVOMD: in vitro organic matter
digestibility; FM: Forage mass; LBM:
Leaf blade mass; SM: Stem mass; SMM:
Senescent material mass; FAR: Forage
accumulation rate; ADG: Average daily
gain; SR: stocking rate.

In the second PC, which explained 9.6% of the data
variance, SMM and ADF associated positively, while
these and the other variables associated negatively
with. This result indicated that cell content reduces
and lignin deposition increases as the plant matures
(GURGEL et al., 2017). It is important to highlight
that the isolated effect of blocks and experimental
period are not considered in the PCA.
The ADG was not associated with any
variable (Figure 1), which may seem paradoxical,
since pastures with higher forage and leaf blade
masses should promote increased individual
performance, and in fact, pastures under residual
effect of 300 kg of N promoted higher ADG (Table
1). However, this difference was not significant when
analyzed by univariate analysis (GURGEL, 2019).
This response was associated with pasture
management since the stocking rate adjustments
performed made the pre- and post-grazing canopy
heights similar (GURGEL, 2019), indicating that
the animals accessed a similar grazing horizon
(ALVARENGA et al., 2020). When the canopy
structure is not very distinct, adjustments in the
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forage search and apprehension processes are enough
to guarantee maximum intake rate (CARVALHO,
2013). In animal production systems that use forage
as a primary source of nutrients, intake is the variable
that most interferes with animal performance
(DIFANTE et al., 2010; MONTAGNER et al., 2013;
EUCLIDES et al., 2015; EUCLIDES et al., 2017).
Results that demonstrated the effect of
post-grazing height on the individual performance
of animals were discussed by EUCLIDES et al.
(2015 & 2017) in Mombasa grass pastures, and by
DIFANTE et al. (2010) in Tanzania grass pastures.
In both experiments, the grazing management using
an intermittent stocking rate with a pre-grazing target
of 95% canopy light interception allowed the animals
to explore different forage extracts. Conversely, some
reports showed similarities in ADG and differences
in weight gain per area of cattle in pastures managed
under the same conditions of frequency and intensity
of grazing (similar extracts) and fertilized with
different nitrogen rates (RIBEIRO et al., 2011;
MOREIRA et al., 2011; LUPATINI et al., 2013).
This information allowed us to affirm
that in pastures managed with similar frequency and
intensity of grazing between treatments, as is the
case of experiments that evaluate nitrogen rates, gain
per area (result of multiplying the stocking rate by
the ADG) and the rate of stocking are more efficient
parameters to support decision-making than the
average daily gain, as they are more influenced by
forage production.
CONCLUSION
The average daily gain and stocking
rate are affected by residual nitrogen effects
in Mombasa grass pastures. However, these
oscillations are not mainly due to changes in the
pasture nutritional value but are better explained
by structural characteristics. The stocking rate is an
efficient parameter to support decision-making in
pastures managed with variable stocking rate and
allow keeping a similar pasture structure between
treatments. PC has the potential to be applied in
the interpretation of data on forage plants.
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