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1 ABSTRACT 
This study aimed to evaluate by principal component analysis the relationship among 
chemical-bromatological composition, fractionation of carbohydrate and protein content, in 
vitro dry matter digestibility (IVDMD), and dry matter (DM) production of Brachiaria 
brizantha cv. Marandu intercropped with Stylosanthes spp. under organic and conventional 
fertilization. Forage chemical quality patterns were assessed for each fertilization 
management by multivariate analyses. The discriminatory capacity was higher for variables 
resulting from B. brizantha cv. Marandu analyses than from Stylosanthes spp. However, the 
expressiveness of these variables had a high similarity with multivariate analyses, mainly 
when comparing carbohydrate fractionation and IVDMD. In terms of chemical quality and 
production variables, a principal component analysis proved to be effective for evaluations 
of different fertilization management types, being more expressive for samples of B. 
brizantha cv. Marandu. 

 
2 INTRODUCTION 
Sustainable and bioeconomic livestock 
technologies are necessary/demanded for 
organic animal production systems and the 
forage growth response of tropical species to 
alternative fertilizers legally accepted for 
organic systems still is unknown in the Biome 
Cerrado (Figueiredo e Soares, 2012, Soares et 
al., 2016). These Technologies offers 
alternatives for organic meat and milk 
producers to maintain their system since no 
conventional input for pasture fertilization can 
be used in Brazil (Soares et al., 2014; Brasil, 
2011). Forage farming systems must be 

characterized in terms of fodder quality and 
production. Therefore, based on plant 
productive and qualitative responses, the best 
system to be used can be chosen (Castro Neto 
et al. 2010). Even though there are several ways 
of assessing forages under different fertilization 
management types, a set of consistent and 
coherent factors must be properly adopted. 
Furthermore, an ideal data analysis method, 
capable of discriminating qualitative and 
productive characteristics, is also required for 
scientific evaluations. The complex correlation 
among the agricultural parameters of forages 
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(nutritional value and dry matter production) 
can be understood through a multivariate 
procedure known as Principal Component 
Analysis (PCA). The use of multivariate analyses 
are required when assessing a high number of 
variables, through the single purpose is 
determine productive and qualitative forage 
responses. Overall, univariate analyses are able 
to evaluate each variable independently, while 
multivariate ones are able to assess a set of 
variables. In multivariate statistics, one of the 

methods used to interpret the structure of a 
data set from variance and covariance matrices 
or correlation between certain parameters is the 
PCA method. This study aimed to analyze the 
behavior of some variables related to chemical-
bromatological composition, fractionation of 
carbohydrate and protein content, in vitro dry 
matter digestibility, and dry matter (DM) 
production of Brachiaria brizantha cv. Marandu 
intercropped with Stylosanthes spp. under organic 
and conventional fertilization using the PCA. 

 
3 MATERIAL AND METHODS 
Two pasture areas were implanted in an 
experimental field of Embrapa Cerrados, at 
Planaltina - DF, Brazil. In these areas, Brachiaria 
brizantha cv. Marandu plants were intercropped 
with a mix of Stylosanthes spp. cultivars 
(Mineirão, Campo Grande, and Bela), 
intercalated with rows of pigeon pea (Cajanus 
cajan cv. Mandarim) in different plots. This 
experiment lasted three years, and evaluation 
cuts were performed in the rainy and dry 
seasons of 2013 to 2015, and the plots were 
standardized after each cut. The soil of the 
experimental area was a Dystrophic Latosol 
with low fertility, showing the following 

chemical characteristics (0‑20 cm depth range): 
pH = 5.8, Al = 0.04 cmol dm-³, Ca + Mg = 
1.54 cmolc dm-³, P = 3.61, mg dm-³, and K = 
47 mg dm-³. Three months before planting, the 
soil was corrected for acidity with 2 t ha-1 
dolomitic limestone, 1 t ha-1 agricultural 
gypsum, and fertilization at planting according 
to previous analysis. Then, in a green manure 
area, Crotalaria juncea plants were cut and 
incorporated into the soil by leveling disk 
harrow, as a source of organic matter and 
nitrogen, quantifying production, 
bromatological composition, and incorporated 
nutrients. Before sowing, the areas under 
organic management were fertilized with 
poultry litter (1.5% N), thermopotash (6% 
K2O), and thermophosphate (12% P2O5), as N, 
K, and P sources, applying 6.67, 2.00, and 1.00 t 

ha-1, respectively. Yet, the areas under 
conventional system were fertilized, prior to 
sowing, applying potassium chloride (60% 
K2O), triple superphosphate (46% P2O5), and 
urea (46% N) at the rates of 200, 260, and 217 
kg ha-1, respectively. No source of fertilizer was 
used for control treatment. Except for 
Stylosanthes spp., all legume and grass seeds were 
inoculated with diazotrophic bacteria and 
mycorrhizal fungi, respectively. Forages were 
cut once in the dry and another in the rainy 
seasons of each year (Table 1), cuts were made 
at 10 cm above the soil level using a 1 m-2 
square frame at three different points inside if 
the plots. Then, these samples were weighed in 
the field and subjected to drying in a forced 
ventilation oven at 65 ºC for 72 hours. 
Afterwards, they were processed in a Wiley mill 
and conditioned in bottles for analysis. After 
this, the pre-dry matter contents were analyzed.  
3.1 Soil chemical analyses:  Seventy-two 
soil composite samples were evaluated for 
chemical properties in both forage cutting 
periods. These samples were compounded by 
20 simple samples per plot, being one 

replication per plot and collected from 0‑20 cm 
depth range. Chemical characterization 
followed the method proposed by 
Embrapa,(1979). The evaluated properties were 
pH and contents of organic matter (OM), 
phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), aluminum (Al), potential 
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acidity (H+Al), also calculating the values of 
cation exchange capacity (CEC) and base 
saturation (BS). 
3.2 Chemical and bromatological 
analyses: Chemical analyses were performed 
on samples collected randomly using a 1m2 
square frame in two periods of the year; these 
samples were weighed in the field and then 
subjected to drying. The samples were dried in 
a forced-air drying oven (60 ºC for 72 hours) 
and processed in a Wiley mill, being then 
conditioned in bottles for the analysis of 
contents of dry matter (DM), organic matter 
(OM), crude protein (CP), and ether extract 
(EE) as described by the (AOAC, 1995). 
Neutral detergent fiber (NDF), acid detergent 
fiber (ADF), and lignin (LIG) were assessed as 
methods described by (Van Soest et al. 1991).  
3.3 In vitro dry matter digestibility: In 
vitro dry matter digestibility (IVDMD) was 
determined using rumen inoculum and buffer 
solution. The ruminal inoculum was obtained 
from two adult castrated rumen-cannulated 
Holstein cows (with 380 kg average weight). 
These animals were maintained in paddocks 
grown with B. brizantha cv. Marandu pasture 
and received mineral supplementation. Rumen-
fluid samples were taken in the morning via 
ruminal cannula. Then, it was kept in a water 
bath at 39 °C and purging CO2 before and after 
sampling. A total of two liters of rumen-liquid 
were collected, one per animal, including the 
solid fraction. The collected material was 
transferred to a preheated Thermos flask, 
previously purged with CO2, and hermetically 
sealed. Afterwards, this material was filtered 
through four layers of cotton cloth (gauze) to 
be used in incubations (McDougal, 1949). 
Solutions A and B were mixed at a ratio 1: 5, 
reaching a pH of 6.8 at a constant temperature 
of 39 ºC, to which were added 40 mL buffer 
solution, as proposed by McDougal14 and 10 
mL rumen-liquid. Animal diets were evaluated 
for IVDMD following the method described by 
Tilley & Terry (1966) and modified by Goering 

and Van Soest, using an artificial rumen (Daisy-
II Fermenter®, Ankom). Samples of 0.5 g were 
weighed in TNT bags (100 g/m), which were 
cut and sealed (5.0 x 5.0 cm), as in (Casali et al., 
2008). Two bags with no rumen samples were 
used (blank samples) in each jar for data 
collection. The sample bags were placed in the 
jars, evenly distributed. Then, buffer solution 
and ruminal inoculum were added, and CO2 
was applied to maintain anaerobic conditions. 
After this procedure, the jars remained in the 
artificial rumen [Daisy-II Fermenter® 
(Ankom)] at 39 ºC for 48 hours, with 
continuous stirring as proposed by Tilley & 
Terry (1966). Incubation was interrupted after 
48 hours, and pepsin and hydrochloric acid 
were added to stop fermentation and microbial 
enzymatic activity. This step was taken to 
simulate the second part of digestibility for 
another 48 hours. After the end of the second 
stage, the sample bags were washed with tap 
water until total removal of digestibility residue, 
being then transferred to an oven at 105 °C for 
12 hours. IVDMD was then determined by 
weight difference. 
3.4 Carbohydrate fractioning: Total and 
non-fibrous carbohydrates (TC and NFC) were 
estimated according to Sniffen et al. (1992), by 
the formulas: TC = 100 - (%CP + %EE + 
%MM), and NFC = 100 - (%CP + %EE + 
%NDFap + MM), wherein NDFap is the 
neutral detergent fiber corrected for ashes and 
proteins and MM is the mineral matter. The 
fraction B2 was calculated by the difference of 
NDFap – Fraction C (Sniffen et al., 1992) and 
the C by lignin percentage multiplied by 2.4, as 
in Russel et al. (1992). 3.5 Fractionation of 
nitrogen compounds:  The fractions of 
nitrogen compounds were determined by the 
following procedures: fraction A was obtained 
by treating the samples (0.5 g) in 50 mL distilled 
water for 30 minutes and subsequent addition 
of 10 mL 10% trichloroacetic acid (TCA) for 
another 30 minutes. Afterwards, it was filtered 
through filter paper (Whatman 54) for residual 
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nitrogen determination. By the difference 
between total and residual nitrogen, the fraction 
A was obtained (Goering and Van Soest, 1970). 
Total soluble nitrogen was determined by 
incubating the samples (0.5 g) with 50 mL 
borate-phosphate buffer solution 
(NaH2PO4.H2O at 12.2 g/L + Na2B4O7.10H2O 
at 8.91 g/L + 100 mL/L tertiary butyl alcohol) 
and 1 mL sodium azide solution (at 10%). After 
3 hours of incubation, the residual sample was 
filtered through filter paper, and then insoluble 
residual nitrogen analysis was performed in 
borate-phosphate buffer solution (BPB). Total 
soluble nitrogen (NNP + soluble protein + 
peptides) was obtained by the difference 
between total nitrogen and insoluble nitrogen in 
BPB. Soluble protein fraction (B1) was 
determined by the difference between total 
soluble nitrogen and NNP fraction determined 
by TCA. Fraction B3 was calculated by the 
difference between neutral detergent insoluble 
nitrogen (NDIN) and acid detergent insoluble 
nitrogen (ADIN) (Sniffen et al., 1992). Fraction 
C was determined by insoluble nitrogen in acid 
detergent. Fraction B2 was taken as the 
difference between insoluble fraction in the 
borate-phosphate buffer and the NDIN 

fraction. Neutral detergent insoluble protein 
(NDIP) and in acid detergent insoluble protein 
(ADIP) was determined by multiplying NDIN 
and ADIN by 6.25 (Krishnamoorth,1992). All 
chemical and digestibility analyses were 
performed in the laboratory for Animal 
Nutrition located in the facilities of the Faculty 
of Agricultural Sciences, Federal University of 
Grande Dourados, in Dourados – MS, Brazil.  
3.6 Statistics: Multivariate analyses were 
performed on bromatological, fractionation, 
digestibility, and production data, to verify 
chemical quality differentiation patterns in 
forages under different fertilization 
management. For this purpose, the data were 
standardized using PROC STANDARD 
procedure and then, subjected to a discriminant 
analysis by the PROC DISCRIM procedure. 
The PRINCOMP procedure (SAS Institute 
Inc., Cary, NC) was then used to perform the 
PCA of the values of chemical-bromatological 
quality for each fertilization management, based 
on a correlation matrix (Fine and Pousse, 1992). 
The correlation between fertilization 
managements and canonical variables was 
ascertained using the CANDISC procedure 
(SAS Institute Inc., Cary, NC). 

 
4 RESULTS AND DISCUSSION 
4.1 Chemical quality of B. brizantha cv. 
Marandu in green manure systems: The 
PCA showed different patterns for each forage 
property (chemical-bromatological quality, 
carbohydrate and protein fractionation, 
IVDMD, and DM production) under the 
different fertilization systems used 
(conventional, organic, and control). Figure 1 
shows the PCA distribution of the above-
mentioned variables with a cumulative variance 
of 43.67% for both principal components (PC 
1 and PC 2). The influence of each variable on 
these axes is observed by its relationship with 
both of them. For PC 1 (abscissa), the variables 
that stand out are B2-protein fraction contents, 
NDIN, and NDF, while for PC 2 (ordinate) the 

significant properties were B2-carbohydrate 
fraction, MM, OM, C-protein fraction, and TC 
(in the two evaluated layers).  The length of the 
arrows highlights the significance of each 
variable. Among them, B2 fractions of both 
carbohydrates and proteins showed moderate 
availability. In addition, the contents of non-
fibrous carbohydrate and A+B1 carbohydrate 
fraction were also highlighted and interfered 
directly with In vitro DM digestibility, which also 
presented expressive values. When considering 
the period between forage cuts, this result was 
certainly influenced by the high concentrations 
of high- and medium-availability carbohydrates.  
In contrast to the method used here, Zanine et 
al. (2008) applied the criterion of minimum 
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eigenvalue equals one to explain the behavior 
of variables when assessing Tanzania grass 
(Panicum maximum), for being more coherent to 

the results, and selecting six principal 
components, while in this study only two were 
considered.  

 

 
Figure 1: Plot of the distribution of the variables studied by the principal component analysis (PCA) of 
Brachiaria brizantha cv. Marandu under conventional, organic management and control in a system with green 
manur. 
 
According to Melém Jr. et al. (2011), the angle 
between the arrows shows the degree of inter-
correlation between variables, whereas the 
length of the arrow indicates the importance. 
Therefore, the degree to which a variable 
correlates with the axis is determined by the 
angle between a given arrow and the ordinate 
axis. When compared to conventional fertilizer 
and control group, organic fertilization resulted 
in more similar samples of Brachiaria both, 

chemical-bromatologically and productively, as 
red dots were closer to the axis (Figure 2). 
Thus, the fertilization management type 
promoted non-random patterns of 
differentiation among values of chemical-
bromatological quality for Brachiaria forage 
samples. The most typical pattern (greater 
discriminatory power) was related to organic 
fertilizer. Such a result was already expected 
since organic fertilizers have great potential to 
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change the soil characteristics, hence improving 
the nutritional quality of forages. In addition, 
when under this type of fertilization 
management, the variables showed a higher 
discriminatory power of the variance, thus 

promoting a non-random pattern of 
organization. In general, variations in chemical 
quality of samples had no random pattern 
among the different types of fertilization 
(Figure 2). 

 

 
Figure 2: Dispersion of the PCA factors 1 and 2 scores of the samples under conventional fertilization 
(CONV), organic (ORG) and control (TEST) management, in a system with green manuring. 
 
4.2  Chemical quality of B. brizantha cv. 
Marandu in conventional fertilization 
systems: Analyzing the variables jointly 
(multivariate) via PCA (Figure 3), both 

components were responsible for 45.19% of 
the total variation of all studied parameters of 
Marandu grass under the different fertilization 
managements (conventional, organic, and 
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control group). Of these, PC 1 was responsible 
for 26.74% and PC 2 for 18.45% of the total 
data variation. Among the most expressive 
variables of PC 1 are DM content, B2-protein 
fraction, IVDMD, CP, and B1-protein fraction. 
For PC 2, the variables with greater 
discriminatory capacity were B2-carbohydrate 
fraction, NDIN, NFC, A+B1-carbohydrate 
fraction, MM, and OM. In view of these results, 
we may infer that only two principal 
components are enough to explain the variance 

in samples of B. brizantha cv. Marandu under 
these management conditions. Chemical-
bromatological quality and DM production had 
an expressively greater capacity to discriminate 
variance in forage grown under organic and 
conventional management (Figure 4). 
Conversely, the plants belonging to the control 
group had an inexpressive discriminatory 
capability for the analyzed variables, which 
might have occurred due to a lack of nutrient 
sources to the soil (fertilization management). 

 

 
Figure 3: Plot of the distribution of the variables studied by the principal component analysis (PCA) of 
Brachiaria brizantha cv. Marandu under conventional, organic and control management, in a system without 
green manuring. 
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Figure 4: Dispersion of the PCA factors 1 and 2 scores of the samples under conventional fertilization 
(CONV), organic (ORG) and control (TEST) management, in a system without green manuring. 
 
 
4.3 Chemical quality of Stylosanthes 
spp. in green manure systems: The first two 
components were responsible for 60.59% of 
the total variation for the studied variables in 
samples of Stylosanthes grown under different 
fertilization systems (conventional, organic, and 
control) (Figure 5). Of this variation, PC 1 was 
responsible for 42.99% and PC 2 for 17.60% of 
the total data variation. By means of PCA, 
Alves et al. (year) evaluated the relationship 
between chemical quality and N release in 

semiarid plants used as green manure. As in our 
study, these authors also used the first two 
principal components and found that 81% of 
the total variance was explained. All nitrogen 
compound fractions, IVDMD, DM production, 
and EE were the variables closer to the PC 1, 
which has the highest percentage of variance 
between both components. Such importance of 
these variables can be noted by the length of 
the arrows. On the other side, the variables 
approaching PC 2 axis were carbohydrate 
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fractioning, NDF, ADF, OM, MM, INND, and 
INAD. An inter-correlation can be evidenced 
between OM and MM. The same was observed 
between NFC and A+B1 fraction (prompt 
availability) with B2 and C fractions, NDF, and 
ADF. Figure 5 shows that the variable IVDMD 
had the longer arrows, what denotes the 
importance of this variable for Stylosanthes spp. 
grown under a green manure system; therefore, 
such results were already expected as this forage 
species has a superior quality.  Additionally, 
both chemical-bromatological quality and DM 
production showed an improved ability to 
discriminate variance only in organic and 
control groups (Figure 6). This can be 
explained by the clustering of points near the 
axis of the dispersion plot. Probably, the more 
chemical fertilizer is available, mainly N, the 
less the legume will fix N and, consequently, 
showing less development. However, a higher 
clustering capacity was observed in both 
organic and control groups, where little or no 
N is released, respectively. This outcome 
strengthens the theory of legume superiority to 
develop in low fertility soils. 
4.4  Chemical quality of Stylosanthes 
spp. without green manure systems: The 
first two components explained 61.58% of the 
total variation (Figure 7). The first and second 
principal components accounted for 51.93 and 
9.65% of the total variance, respectively. The 
variables close to the PC 1 were B1- and A-
nitrogen compound fractions, OM, TC, LIG, 
C-carbohydrate fraction, MM, and production 
for both Stylosanthes and Brachiaria intercropped 
with Stylosanthes. In the plot, the variables with 
the greatest importance were TC, OM, B1, 
LIG, and DM production for Stylosanthes. For 
PC 2, there was an overlap of the variables 
ADIN, FC, NDFap, ADF, NDF, NDIN, B3 
and B2 fractions, which were relevant to 

explain the total variation, as well as A+B1 
carbohydrate fraction and NFC. An inter-
correlation between DM production of 
Stylosanthes (PRStyDM) and TC was observed. 
Given the long period between cuts, this result 
may justify increases in structural carbohydrate 
deposition and reductions in moisture content. 
A second similarity observation between the 
different ways of evaluating the data is the non-
fibrous carbohydrate (NFC) concentration and 
the average availability (A+B1 fraction) with a 
remarkable intercorrelation of this with the 
contents of NDF and FDA, since higher 
content of these reduces high and medium 
availability carbohydrates (A+B1 fraction and 
NFC). Again, among the variables of major 
importance in the system with no green 
fertilization were NFC and A+B1 fraction, but 
IVDMD had no such prominence. This result 
from the higher concentrations of fraction C 
and lignin, which interfered directly with 
digestibility expressivity. Moreover, DM yield 
also stood out, which can explain the high 
concentrations of carbohydrates with low or no 
availability. Figure 8 shows that both chemical-
bromatological quality and DM production of 
Stylosanthes spp. samples inserted into the 
system with no green manure had an expressive 
capacity of discriminating the variance in 
organic and control groups. Conversely, the 
conventional system presented no significant 
discriminatory capacity for the analyzed 
variables. However, few consistent groups were 
formed in relation to the variables for all types 
of fertilization (conventional, organic, and 
control). This somewhat random behavior was 
already expected since a mix of three legume 
species was used here, which might have 
hindered a non-random expression of variables 
when submitted to different fertilization 
management. 
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Figure 5: Plot of the distribution of the variables studied by principal component analysis (PCA) of 
Stylosanthes spp. under conventional, organic and control management, in a system with green manuring. 
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Figure 6:  Dispersion of the PCA factors 1 and 2 scores of the samples under conventional fertilization 
(CONV), organic (ORG) and control (TEST) management, in a system with green manuring. 
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Figure 7: Plot of the distribution of the variables studied by principal component analysis (PCA) of 
Stylosanthes spp. under conventional, organic and control management, in a system without green manuring. 
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Figure 8: Dispersion of the PCA factors 1 and 2 scores of the samples under conventional fertilization 
(CONV), organic (ORG) and control (TEST) management, in a system without green manuring. 
 
5 CONCLUSION 
The technique of multivariate analysis using the 
principal components analysis method was 
more efficient in the expressive determination 

of Brachiaria brizantha cv. Marandu variables, 
with non-random behavior of the groups. 
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