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Abstract: The floodplain savannah is a tropical ecosystem that sustains grazing livestock, mainly by
its grass’s diversity, of which scarce knowledge regarding the chemical composition and influencing
factors. The aim was to evaluate the chemical composition variability of some native and introduced
grasses grown in different physiographic positions of the floodplain savannah at transition periods
and different cutting intervals. Five grasses from the “bank” (native species: Paspalum plicatulum,
Axonopus compressus, Panicum versicolor, and Paspalum sp.; introduced species: Mulato I) and four
from the “low” (native species: Leersia hexandra, Acroceras zizanioides, and Hymenachne amplexicaulis;
introduced species: Urochloa humidicola) were sampled at 30, 40, and 50 cutting interval days during
the “dry–rainy” and “rainy–dry” transition periods. The cuts were made with a 1 m2 frame to
estimate forage biomass. The chemical compositions were analyzed by near-infrared spectroscopy.
The influences of the cutting intervals and transition periods on chemical composition variables were
evaluated through principal component analysis (PCA). Grass chemical variability was explained by
eleven variables, including a digestible fraction, namely crude protein (CP), ash, ether extract (EE),
total digestible nutrients (TDN), dry matter digestibility (DMD), metabolic energy (ME), phosphorus
(P), and sulfur (S); and a partial digestible or undigestible fraction, namely neutral detergent fiber
(NDF), lignin, and hemicellulose (HC). Grasses from the “low” position or with 30 cutting interval
days in the rainy–dry transition period presented the highest proportion of the digestible fraction.
Introduced grasses showed reduced nutritional value from 40 days onwards, whereas the L. hexandra,
H. amplexicaulis, A. zizanioides, and P. versicolor native grasses were the least affected by the studied
cutting intervals and transition periods. These native grasses constitute an important sustainable
food resource for livestock in the flooded savanna ecosystem.

Keywords: chemical composition; climatic period; native grasses; physiographic position;
tropical forage

1. Introduction

Grasslands cover 80% of agricultural land and are a globally representative ecosystem
(~26% of the total land area). In this ecosystem, livestock activity with grazing herbivorous
animals is developed, which contributes about 29 and 10–15% of the world’s meat (includ-
ing beef, sheep, and goat) and milk production, respectively [1,2]. The representativeness
of the grasslands constitutes the main alternative to satisfy the growing demand for food
required by the 10.7 billion people projected to constitute the population by 2067 [1,3]. It
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is reported that 68% of the grasslands are found in arid and semi-arid areas of tropical
developing countries, where they are used mainly to produce meat and milk with grazing
livestock and support the livelihood of nearly 800 million low-income people [3]. Despite
the grasslands’ importance, their management must be improved to maximize several
functions in terms of forage production, livestock performance, and ecosystem services
such as water and air purification, soil recovery, and carbon sequestration [3–5].

In Colombia, part of the livestock activity is developed in tropical floodplain savannahs
belonging to the Orinoquia ecosystem, which spans more than 5 million hectares, located
across the Casanare and Arauca departments [6] and where 12.1% of the total cattle herd
in Colombia (29,642,539 animals by the year 2023) is managed [7]. In the area, livestock
activity is performed under a traditionally extensive grazing condition to breed and raise
cattle, mainly with native grasses, and some introduce pastures [6,8].

Tropical flooded savannas are composed of different physiographic positions, the
“banks” and “low” being the most important to sustain livestock activity during the year.
Forage biomass for grazing varies according to the precipitation regime (dry period from
December to March; rainy period from April to November) and water dynamics in the
physiographic position [6]. Transition periods constitute the beginning of the rainy to dry or
dry to rainy periods and influence forage availability. Usually, the start of the rainy period
promotes forage production and improves nutritional value, whereas the beginning of the
dry period reduces forage growth, quality, and persistence, with phenotypic variations
according to the forage genetic characteristics [9]. In flooded savannahs, the “banks” are
the higher and drier areas that sustain livestock during the rainy period, whereas the “low”
areas constitute the basal part of the “bank” that remain flooded during the rainy season
and sustain the grazing animals in the dry period. Each physiographic position includes
its own vegetation cover, with a diversity of native and introduced grasses [6,10]. In the
“low” physiographic position, native pastures like Acroceras zizanioides (Kunth) Dandy
(1931) (blackwater straw); Hymenachne amplexicaulis (Rudge) Nees (1829) (water straw);
and Leersia hexandra Sw. (1788) (Lambedora grass) are commonly used to feed grazing
animals, whereas grasses of the genera Paspalum sp. and Axonopus sp. can be found in
the physiographic positions of “banks”. Introduced grasses of the Urochloa genus are also
commonly found in both physiographic positions [11,12].

A major concern faced by floodplain savannah producers is the scarce knowledge
about the yield and quality of the forage resources used to feed grazing animals in differ-
ent physiographic positions, growth phases, and periods of the year. Some studies have
evaluated the temporal variability of the nutritional characteristics of some grasses grown
in the “bank” and “low” positions independently, showing that native grasses performed
similarly or even better than some introduced grasses under the studied ecosystem [11,12].
Similarly, it has been found that “low” soils tend to present greater nutrient concentrations
than “bank” soils [10], which should influence the nutritional statuses and forage availabil-
ity of floodplain savannah grasses, according to age and growth periods. As forage species
from the “bank” and “low” positions are different, it would not be possible to make a
direct comparison between them; however, it would be useful to perform a joint analysis to
establish a general overview about the chemical composition variability of pastures during
the year and to identify the best alternatives to be used in each scenario at different cutting
intervals and climatic periods. The joint analysis of chemical composition variables among
flooded savannah pastures belonging to different physiographic positions is scarce, so
this study’s approach can generate valuable information for decision making by livestock
producers in the region. In order to improve the productive figures of the livestock sector in
floodplain savannah conditions, it is first required to address the feed scarcity and quality
problem. The identification of forage options and their yield and chemical composition vari-
ability over time and at different periods could provide a fundamental set of information
for the design of grazing programs with the most productive and sustainable grasses [4].
Therefore, the present study aims to evaluate the chemical composition variability of some
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native and introduced grasses from the floodplain ecosystem of the Colombian Orinoquia,
at different cutting intervals and transition periods.

2. Materials and Methods
2.1. Study Region

The current study was carried out in the municipality of Arauca, Eastern Colombia
(Figure 1). It is a floodplain region with a flat topography [10,13] (latitude: 7◦08′17′ ′ N;
longitude: 70◦59′59′ ′ W; and altitude: 125 m). In the study region, the soils are acidic and
have a clay loam and sandy loam texture, and they are classified as Ultisols and Oxisols.
The levels of Fe, Mn, Zn, and B are high, while the levels of Ca, P, K, Cu, and CEC are
low [10,14,15]. For a detailed description of the soil characteristics in the experimental area,
see [10]. The life zone is subhumid tropical forest [16].
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ment of Arauca (circle).

2.2. Evaluated Grass Species

Nine native and introduced grasses adapted or used on the Arauca floodplain savan-
nah region were evaluated (Table 1). These plants were selected as part of a project that
aimed to identify forage alternatives for the livestock activity in the region, considering
its representativeness, animals’ acceptability, and the opinions of farmers belonging to the
livestock committee of the region.

Table 1. Native and introduced grasses included in the study (the scientific names of the grasses were
taken from Plants of the World Online).

Grass (Scientific Name) Vulgar Name Growth Habit Origin

“Bank” position
Paspalum plicatulum Michx. (1803) Black “bank” grass Bunch Native

Axonopus compressus (Sw) P. Beauv. (1812) Gegei grass Stoloniferous Native
Panicum versicolor (EP Bincknell) Nieuwl. White “bank” grass Bunch Native

Paspalum sp. (L.) L. (1762) Native grama Rhizomatous Native
Urochloa hybrid cv Mulato I Mulatto grass Bunch Introduced

“Low” position
Leersia hexandra Sw. (1788) Lambedora grass Bunch Native

Acroceras zizanioides (Kunth) Dandy (1931) Black water straw Stoloniferous Native
Hymenachne amplexicaulis (Rudge) Nees (1829) Water straw Stoloniferous Native

Urochloa humidicola (Rendle) Morrone & Zuloaga Humidicola grass Stoloniferous Introduced
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The selected grasses were triplicate established in their respective “bank” (n = 15) and
“low” (n = 12) physiographic positions, in plots of 3 m× 3 m (9 m2) and with a 1 m distance
between plots, during the rainy period (June–July 2021), and cuts were made during two
transition periods. The dry–rainy transition period spans from April to May with rainfall of
181 mm, relative humidity of 87.9%, and an average environmental temperature of 26.5 ◦C.
The rainy–dry transition period spans from November to December with rainfall of 165 mm,
relative humidity of 90.5%, and an environmental temperature of 26.7 ◦C. The climatic
variables were recorded by a portable weather station located near the experimental site.

In each plot, soil samples were collected following the standard procedures [17]
and were analyzed at the National University of Colombia [18] to determine the texture
and chemical characteristics, following the Colombian Technical Standards [19]. The
preparation and establishment of the experimental plots was done manually. At the time of
sowing, 500 g of diammonium phosphate (16% N and 40% P2O5) was added to each plot for
optimal grass establishment [11,20]. Ninety days after the forage plots were sown, leveling
cuts were made at 10 cm from the ground, marking the beginning of the experiments
during the studied transition periods (rainy–dry and dry–rainy periods).

2.3. Forage Sampling Process

During the grass’s germination, three measurement points were randomly selected
within each plot, and each defined measurement point was randomly assigned a 30-
, 40-, or 50-day cutting interval. In each plot, the green forage was cut with a 1 m2

frame and weighed on a ranger precision balance. The green forage samples were dried
for 72 h at 60 ◦C in a Caloric brand electric oven. The samples were stored in kraft
paper bags and transported to the Laboratory of the Colombian Agricultural Research
Corporation (AGROSAVIA) for the analysis of forage chemical compositions by near-
infrared reflectance spectroscopy (NIRS) [21]. The spectra were obtained using FOSS
NIR Systems DS6500 model equipment (Foss, Hilleroed, Denmark) by scanning in the
range of 400–2498 nm. Spectra data were handled with WinISI 4.7.0.0 (Foss, Hilleroed,
Denmark) [21]. The following chemical variables were estimated: dry matter yield per
hectare (DMY/ha), dry matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid
detergent fiber (ADF), hemicellulose (HC), lignin, ether extract (EE), ash, total digestible
nutrients (TDN), dry matter digestibility (DMD), metabolizable energy (ME), Ca2+, P, Mg2+,
K, Na, and S.

2.4. Statistical Analysis

In the first step, descriptive statistics of nutritional composition variables were esti-
mated. Subsequently, to evaluate the period and cutting interval’s effect on the nutritional
and mineral characteristics of grasses cultivated under the “low” and “bank” physiographic
positions, a multivariate approach was used.

The studied variables (DMY/ha, DM, CP, NDF, ADF, HC, lignin, EE, ash, TDN, DMD
and ME, Ca2+, P, Mg2+, K, Na, and S) were standardized and submitted to two principal
component analysis (PCA). The first and second analyses included the species–transition
period and species–cutting interval synthetic variables as the classification criteria, respec-
tively, in order to evaluate their influences on chemical composition variables. Both PCA
analyses also allowed us to evaluate possible associations between the grass species of the
same physiographic position and to identify useful, representative variables to characterize
the nutritional and mineral properties of the studied grasses. Standardized eigenvectors
and Pearson correlations between the variables and the principal components were used
to identify the most representative variables useful to explain the observed variations.
Moreover, biplot graphs were used to represent the relationships between the principal
components explaining most of the data variability (> 60%). The analyses were carried out
with InfoStat [22].
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3. Results

The mean values of the chemical composition variables obtained in the studied grasses
from the “bank” and “low” physiographic positions are presented in Table 2.

Table 2. Average and standard deviations of nutritional and mineral composition variables of the
studied grasses from the “bank” and “low” physiographic positions, obtained from 30 to 50 days.

“Bank” Physiographic Position

Nutritional
Variable P. plicatulum A. compressus P. versicolor Paspalum sp. Mulato

DMY/ha (kg) 1967.61 ± 880.94 1053.44 ± 272.01 1215.28 ± 515.35 1198.22 ± 513.28 1644.28 ± 646.72
DM (%) 27.21 ± 4.34 33.72 ± 3.17 28.19 ± 5.14 33.81 ± 4.76 23.88 ± 2.84
CP (%) 8.88 ± 1.88 8.96 ± 0.98 9.54 ± 1.23 7.73 ± 1.18 8.09 ± 0.98
Ash (%) 10.36 ± 1.24 9.95 ± 0.41 11.02 ± 0.8 10.76 ± 0.64 9.9 ± 0.86
EE (%) 1.35 ± 0.24 1.47 ± 0.19 1.87 ± 0.35 1.45 ± 0.2 1.74 ± 0.23

NDF (%) 68.21 ± 2.97 68.08 ± 1.88 65.22 ± 3.91 71.41 ± 1.44 68.42 ± 2.17
ADF (%) 35.57 ± 3.44 33.95 ± 1.82 35.21 ± 3.68 38.14 ± 1.73 34.69 ± 2.34

Lignin (%) 8.42 ± 0.66 8.47 ± 0.42 8.06 ± 0.87 8.78 ± 0.42 8.55 ± 0.63
HC (%) 32.64 ± 2.64 34.13 ± 0.45 30.01 ± 1.69 33.27 ± 1.6 33.73 ± 2.72

TDN (%) 50.51 ± 2.28 51.04 ± 1.19 51.1 ± 1.81 48.91 ± 1.2 50.18 ± 1.22
DMD (%) 55.39 ± 2.47 55.97 ± 1.28 56.04 ± 1.96 53.67 ± 1.29 55.04 ± 1.32

ME (Mcal/kg) 1.78 ± 0.1 1.8 ± 0.05 1.81 ± 0.08 1.71 ± 0.05 1.76 ± 0.05
Ca2+ (%) 0.52 ± 0.09 0.31 ± 0.07 0.41 ± 0.08 0.42 ± 0.07 0.53 ± 0.13

P (%) 0.18 ± 0.02 0.17 ± 0.02 0.21 ± 0.03 0.2 ± 0.02 0.2 ± 0.03
Mg2+ (%) 0.23 ± 0.02 0.19 ± 0.01 0.24 ± 0.05 0.19 ± 0.02 0.28 ± 0.03

K (%) 1.93 ± 0.49 1.26 ± 0.16 1.97 ± 0.24 2.02 ± 0.59 1.77 ± 0.45
Na (%) 0.03 ± 0.01 0.03 ± 0 0.04 ± 0.01 0.04 ± 0.01 0.03 ± 0.0043
S (%) 0.25 ± 0.05 0.22 ± 0.03 0.25 ± 0.04 0.21 ± 0.05 0.22 ± 0.05

“Low” physiographic position

Nutritional
variable L. hexandra A. zizanioides H. amplexicaulis U. humidicola

DMY/ha (kg) 1142.39 ± 342.06 1030.44 ± 217.82 840.56 ± 283.04 1957.83 ± 749.12
DM (%) 38.09 ± 8.19 29.92 ± 8.26 27.37 ± 8.7 27.27 ± 3.75
CP (%) 14.13 ± 2.84 11.33 ± 2.69 11.22 ± 2.4 6.68 ± 1.43
Ash (%) 14.76 ± 1.51 12.49 ± 1.51 13.39 ± 1.6 8.16 ± 0.65
EE (%) 2.3 ± 0.22 1.76 ± 0.29 1.9 ± 0.29 1.54 ± 0.15

NDF (%) 59.83 ± 2.35 63.01 ± 4.54 61.98 ± 2.45 72.21 ± 2.72
ADF (%) 33.54 ± 2.13 36.75 ± 1.8 35.75 ± 2.21 35.78 ± 2.09

Lignin (%) 7.52 ± 0.75 8.35 ± 0.57 8.01 ± 0.66 8.64 ± 0.48
HC (%) 26.29 ± 1.84 26.25 ± 3.64 26.23 ± 1.79 36.43 ± 3.28

TDN (%) 54.98 ± 2.57 51.97 ± 2.23 52.19 ± 2.34 48.82 ± 1.34
DMD (%) 60.22 ± 2.78 56.98 ± 2.41 57.21 ± 2.53 53.57 ± 1.45

ME (Mcal/kg) 1.98 ± 0.11 1.84 ± 0.1 1.85 ± 0.1 1.71 ± 0.06
Ca2+ (%) 0.31 ± 0.06 0.34 ± 0.11 0.34 ± 0.08 0.31 ± 0.07

P (%) 0.26 ± 0.04 0.24 ± 0.04 0.23 ± 0.04 0.19 ± 0.03
Mg2+ (%) 0.18 ± 0.02 0.22 ± 0.04 0.2 ± 0.03 0.22 ± 0.04

K (%) 2.29 ± 0.27 2.03 ± 0.43 2.25 ± 0.36 2.07 ± 0.46
Na (%) 0.04 ± 0.0043 0.03 ± 0.0047 0.04 ± 0.0046 0.03 ± 0.01
S (%) 0.27 ± 0.04 0.26 ± 0.06 0.28 ± 0.05 0.21 ± 0.03

DMY/ha: dry matter yield per hectare, DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid
detergent fiber, HC: hemicellulose, EE: ether extract, TDN: total digestible nutrients, DMD: dry matter digestibility,
ME: metabolizable energy.

A preliminary analysis of Table 2 indicates that, on average, higher DM (30.7 vs.
29.4%), CP (10.8 vs. 8.6%), ash (12.2 vs. 10.4%), EE (1.9 vs. 1.6%), TDN (52 vs. 50.3%), DMD
(57 vs. 55.2%), P (0.23 vs. 0.19%), K (2.16 vs. 1.79%), Na (0.04 vs. 0.03%), and S (0.26 vs.
0.23%) were found in the “low” physiographic position grasses. Conversely, the DMY/ha
(1416 vs. 1243 kg), NDF (68.3 vs. 64.3%), lignin (8.5 vs. 8.1%), HC (32.8 vs. 28.8%), Ca2+
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(0.44 vs. 0.33%), and Mg2+ (0.23 vs. 0.21%) were higher in the “bank” species. The ADF
(35.5%) and ME (1.8 Mcal/kg) levels were the same between the “bank” and “low” grasses.

Influence of Transition Periods and Cutting Intervals on Chemical Composition Variables

The eigenvalues and eigenvectors resulting from the PCAs performed on the chemical
composition data by transition period and cutting interval are shown in Tables 3 and 4,
respectively. The data variability explained by the first two principal components was 69%
and 70% for the PCA of the transition period and cutting interval, respectively.

Table 3. PCA eigenvalues of the chemical composition variables of native and introduced grasses
grown in different transition periods and cutting intervals.

Transition Periods Grass Cutting Intervals
Lambda Value Proportion Cum. Prop. Value Proportion Cum. Prop.

1 9.77 0.54 0.54 10.69 0.59 0.59
2 2.70 0.15 0.69 1.99 0.11 0.70
3 2.11 0.12 0.81 1.66 0.09 0.80
4 0.85 0.05 0.86 1.05 0.06 0.86
5 0.73 0.04 0.90 0.75 0.04 0.90
6 0.63 0.04 0.93 0.62 0.03 0.93
7 0.45 0.03 0.96 0.56 0.03 0.96
8 0.32 0.02 0.98 0.24 0.01 0.98
9 0.2 0.01 0.99 0.21 0.01 0.99

10 0.12 0.01 0.99 0.10 0.01 0.99
11 0.05 0.0028 1.00 0.07 0.0039 1.00

Cum. Prop: cumulative proportion.

Table 4. PCA eigenvectors of the chemical composition variables of native and introduced grasses
grown in different transition periods and cutting intervals.

Transition Periods Grass Cutting Intervals
Variable e1 e2 e1 e2

DMY/ha −0.21 0.06 −0.19 0.19
DM 0.18 −0.02 0.14 −0.44
CP 0.31 0.05 0.30 −0.02
Ash 0.30 0.07 0.27 −0.03
EE 0.28 −0.10 0.27 0.12

NDF −0.30 −0.06 −0.29 −0.06
ADF −0.16 0.49 −0.15 −0.05

Lignin −0.24 0.20 −0.28 −0.06
HC −0.24 −0.35 −0.27 −0.05

TDN 0.31 −0.11 0.29 −0.01
DMD 0.31 −0.11 0.29 −0.01
ME 0.31 −0.11 0.29 −0.01

Ca2+ −0.13 −0.23 −0.13 0.51
P 0.23 0.31 0.27 0.07

Mg2+ −0.10 −0,32 −0.07 0.58
K 0.02 0.50 0.17 0.24

Na 0.16 −0.14 0.14 0.22
S 0.18 0.08 0.22 0.18

DMY/ha: dry matter yield per hectare, DM: dry matter, CP: crude protein, NDF: neutral detergent fiber, ADF: acid
detergent fiber, HC: hemicellulose, EE: ether extract, TDN: total digestible nutrients, DMD: dry matter digestibility,
ME: metabolizable energy.

The biplot representation showed the relationships between the first two PCs of
the chemical composition variables in different transition periods (Figure 2) and cutting
intervals (Figure 3). Both charts showed that PC1 accounted for most of the data variability
(54 and 59% for PCA by transition period and cutting interval, respectively). Moreover,
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both charts showed that the CP, ash, EE, TDN, DMD, ME, and P variables were located
to the right of CP1 and received the highest positive eigenvectors (0.23 to 0.31). In the
PCA of the cutting intervals, the S variable also presented a significant contribution (0.22).
The mentioned variables also showed the strongest correlation with PC1, with positive
values ranging from 0.52 to 0.88 and 0.42 to 0.83 for the PCA by transition period and
cutting interval, respectively. On the other hand, variables like NDF, lignin, and HC
presented the highest negative values (−0.24 to −0.30) and were located to the left of PC1.
The correlations between these variables and PC1 ranged between −0.56 and −0.82 and
between −58 and 0.84 for the PCA by transition period and cutting interval, respectively.
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digestible nutrients, DMD: dry matter digestibility, ME: metabolizable energy.

The biplots of the transition period and cutting interval PCA showed that PC1 allowed
us to separate grass species from the “low” and “bank” physiographic positions, in terms
of chemical composition. Most of the “low” grasses sampled at different cutting intervals
and transition periods presented a projection to the right of PC1, suggesting greater CP,
ash, EE, TDN, DMD, ME, and P concentrations than the “bank” species. Similarly, most of
the “bank” grasses and some from the “low” physiographic position were located to the
left of PC1 and were characterized by high NDF, lignin, and HC content.
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pastures cultivated in the “low” (red dots) and “bank” (blue dots) physiographic positions, according
to grass cutting intervals. Black circle: samples with the highest PC1 eigenvectors (A. zizanioides, L.
hexandra, H. amplexicaulis, and P. versicolor); black rectangle: samples with the lowest PC1 eigenvectors
(Mulato, P. plicatulum, Paspalum sp., A. compressus, and U. humidicola); red circle: samples with the
highest PC2 eigenvectors (A. zizanioides, U. humidicola, P. plicatulum, Mulato, and Paspalum sp.); blue
rectangle: samples with the lowest PC2 eigenvectors (P. plicatulum, P. versicolor, Mulato, U. humidicola,
A. compressus). DMY/ha: dry matter yield per hectare, DM: dry matter, CP: crude protein, NDF:
neutral detergent fiber, ADF: acid detergent fiber, HC: hemicellulose, EE: ether extract, TDN: total
digestible nutrients, DMD: dry matter digestibility, ME: metabolizable energy.

In the PCA by the transition period (Figure 2), three grasses from the “low” physio-
graphic position (A. zizanioides in the rainy–dry period, and L. hexandra and H. amplexicaulis
in both transition periods) and one belonging to the “bank” position (P. versicolor in the
rainy–dry period) presented the highest positive PC1 values, ranging from 1.8 to 7.0 (sam-
ples enclosed in a black circle in Figure 2). These grasses were on average characterized
by greater CP (12.2 vs. 8.3%), ash (13.5 vs. 10.0%), EE (2.1 vs. 1.5%), TDN (53.3 vs. 49.9%),
DMD (58.4 vs. 54.7%), ME (1.9 vs. 1.7 Mcal/kg), and P (0.23 vs. 0.20%) values than the other
pastures evaluated at different transition periods. On the other hand, three “bank” grasses
(Mulato and P. plicatulum in the dry–rainy period, and Paspalum sp. in both transition
periods) and one belonging to the “low” physiographic position (U. humidicola in both
transition periods) showed the highest negative PC1 values, ranging from −1.9 to −3.6
(samples enclosed in a black rectangle in Figure 2). These grasses showed, on average,
greater NDF (70.8 vs. 64.0%), lignin (8.8 vs. 8.0%), and HC (33.6 vs. 29.3%) levels, compared
to the rest of the pastures evaluated at different transition periods.

Exploring PC2 of the transition period PCA, it was observed that 15.0% of the data
variability was explained, and the highest positive eigenvectors were associated with the
ADF and K variables (0.49 to 0.50), which was in opposition to the HC and Mg levels
(eigenvectors between −0.32 and −0.35). These variables also presented the strongest
correlations with PC2. The ADF and K variables showed a positive correlation ranging
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from 0.67 to 0.71, while the HC and Mg variables correlated from−0.42 to−0.52. According
to PC2, the highest positive values were observed in two “low” physiographic position
grasses (A. zizanioides and U. humidicola) and two “bank” (P. plicatulum and Paspalum sp.)
grasses during the dry–rainy period (1.5 to 2.2), suggesting greater ADF (38.2 vs. 34.8%)
and K (2.4 vs. 1.9%) concentrations than the other grasses evaluated at different transition
periods (samples enclosed in a red circle in Figure 2). Conversely, the highest negative
PC2 values were obtained in three “bank” species (P. plicatulum, P. versicolor, and Mulato in
the rainy–dry period) and one “low” grass (U. humidicola in the rainy–dry period), with
values between −1.7 and −3.1, indicating greater HC (35.0 vs. 29.5%) and Mg2+ (0.26 vs.
0.21) content compared to the other species studied at different transition periods (samples
enclosed in a blue rectangle in Figure 2).

In the PCA by the cutting interval (Figure 3), “low” physiographic position species like
A. zizanioides and H. amplexicaulis at 30 days of age and L. hexandra with cutting intervals
from 30 to 50 days obtained the greatest positive PC1 values (3.6 to 8.3), which indicates
that these plants were characterized by higher CP (13.7 vs. 8.7%), ash (14.0 vs. 10.6%), EE
(2.2 vs. 1.6%), TDN (54.4 vs. 50.3%), DMD (59.6 vs. 55.1%), ME (2.9 vs. 1.8 Mcal/kg), P (0.26
vs. 0.20%), and S (0.27 vs. 0.24%) content than the other studied grasses at different cutting
intervals (samples enclosed in a black circle in Figure 3). On the other hand, four “bank”
grasses (50-day-old P. plicatulum, A. compressus, and Paspalum sp., and 40- to 50-day-old
Mulato) and one “low” physiographic position grass (40- and 50-day-old U. humidicola)
showed the highest negative PC1 values (2.2 to 5.1), suggesting that these grasses contained
higher NDF (71.7 vs. 64.6%), lignin (8.8 vs. 8.1%), and HC (35.0 vs. 29.4%) than the other
studied species at different cutting intervals (samples enclosed in a black rectangle in
Figure 3).

In PC2 of the cutting interval PCA, 11.0% of the data variability was explained. The
highest positive eigenvectors were associated with the Ca2+ and Mg2+ variables (0.51 to
0.58), whereas the greatest negative eigenvector was related to the DM variable (−0.44).
Ca2+ and Mg2+ correlated with PC2, with values ranging between 0.51 and 0.61, while DM
did so with a value of −0.43. Species with the highest PC2 values included the 40-day-old
P. plicatulum “bank” grass and the 30- to 50-day-old Mulato (1.6 to 2.6), suggesting greater
Ca2+ (0.53 vs. 0.37%) and Mg2+ (0.27 vs. 0.21%) concentrations than the rest of the studied
grasses during different cutting intervals (samples enclosed in a red circle in Figure 3).
Similarly, the highest negative PC2 value was obtained in the 30- to 50-day-old A. compressus
“bank” grass (2.3 to 2.6), indicating a greater DM (33.7 vs. 29.5%) concentration compared
to the other evaluated grasses at different cutting intervals (samples enclosed in a blue
rectangle in Figure 3).

4. Discussion
4.1. Grasses’ Productive and Chemical Composition Characteristics

Grass species from “low” and “bank” physiographic positions are adapted to different
edaphoclimatic conditions, determined mainly by the rainfall regime of the area and its
effect on flood dynamics. In this sense, the flooded savannahs constitute a productive sce-
nario with adverse environmental conditions that influence the agronomic and nutritional
parameters of forages used in animal production [23]. In the native species, the results
were as follows: DMY (1207 kg/ha), DM (31.2%), CP (10.3%), Ash (11.8%), EE (1.7%),
NDF (65.4%), ADF (35.6%), Lignin (8.2%), HC (29.8%), TDN (51.5%), DMD (56.5%), ME
(1.8 Mcal/kg), Ca2+ (0.38%), P (0.21%), Mg2+ (0.21%), K (1.96%), Na (0.04%), S (0.25%).
These values are within the ranges reported in several improved pastures, like Urochloa
hybrid cv. Cayman, Urochloa decumbens, Urochloa ruziziensis, Urochloa brizantha, Urochola
hybrid cv. Mulato, and other Megathyrsus maximus cultivars (Tanzania, Tobiata) grown
under tropical conditions and with ages between 21 and 63 days [24–27].

The studied introduced grasses (Mulato and U. humidicola) showed greater values of
DMY (1801 kg/ha), NDF (70.3%), lignin (8.6%), HC (35.1%), Ca2+ (0.42%), and Mg2+ (0.25%)
than the native species. The DMY obtained with the introduced grasses was similar to the
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values observed during the dry periods in tropical regions; however, it was lower than the
forage yield obtained during rainy periods (2500 to 6700 and 4000 to 6150 kg/ha in Mulato
and U. humidicola, respectively) [28–30]. The higher forage biomass production observed in
the introduced pastures was accompanied by a higher concentration of the fibrous fractions
(cellulose, hemicellulose, and lignin), with NDF values above 55%, a critical point where
grass’s digestibility and intake potential could be restricted [31,32]. Cell wall thickening
occurs mainly in plants not adapted to the edaphoclimatic conditions in which they are
being cultivated. Adverse environmental conditions induce phenological and physiological
changes in plants to prevent water loss and improve the adaptation to the environment
through the formation of support and defense structures. High temperatures accelerate cell
metabolism and promote the utilization of nutrients from photosynthesis, mainly for cell
wall component formation [11,33].

4.2. Chemical Composition Tendencies among “Bank” and “Low” Physiographic Position Grasses

The PCAs of the grasses’ chemical compositions at different cutting intervals and
transition periods indicated that the first two PCs explained most of the data variability (70
and 69%, respectively) with a significant contribution of eleven variables (CP, ash, EE, TDN,
DMD, ME, P, S, NDF, lignin, and HC). Similarly, both biplots showed that PC1 allowed
us to separate the digestible fraction (CP, ash, EE, TDN, DMD, ME, P, and S) from the
partial digestible or undigestible fraction (NDF, lignin, and HC). This separation indicates
a positive association between the variables within each fraction and a negative correlation
among the variables belonging to different fractions. Among the digestible components,
DMD is positively correlated with potentially digestible chemical components such as
CP, EE, TDN, and minerals present in the ash and corresponds to the proportion of plant
material that can be digested by herbivores [11,34]. CP is rapidly degraded by ruminal
microorganisms to increase the ammonia concentrations to favor microbial cell synthesis,
while EE is degraded to produce energy due its caloric concentrations [12]. Likewise, TDN
represents the utilizable energy content of a feedstuff, and its estimation relies on fractions
like CP and EE, among others [35,36]. Regarding the indigestible fraction, the NDF, lignin,
and HC variables correlate positively as these are components of the plant’s fibrous fraction
that accumulate as it reaches maturity [24,37]. The inverse association between the variables
belonging to the digestible and undigestible fractions occurs because the accumulation of
the cell wall fibrous components reduces the ruminal digestibility of potentially digestible
chemical components [33,37].

The biplots of the cutting interval and transition period PCAs (Figures 2 and 3) showed
that PC1 allowed us to differentiate the grass samples from the “low” and “bank” physio-
graphic positions, in terms of biomass production and chemical composition. Although it
was not possible to make a direct comparison between the studied pastures, since they were
not the same species in both physiographic positions, a trend could be observed in which
most of the “low” grasses (red dots) sampled at different ages and periods were associated
with higher CP, ash, EE, TDN, DMD, ME, and P concentrations, whereas most of the “bank”
grasses (blue dots) were characterized by high NDF, lignin, and HC content. The chemical
composition variability observed between “bank” and “low” species can be attributed to
the soil characteristics in each physiographic position. The “banks” are high and dry areas,
with soils characterized by a sandy texture and low fertility; on the other hand, “low” soils
present higher silt and clay content [10,13]. The “low” soils tend to flood and dry quickly
after the rains, which leads to organic matter accumulation and greater nutrient availability
to be assimilated by plants [23]. A study showed higher exchangeable bases (Ca2+, Mg2+,
K), cation exchange capacity, phosphorus, copper, potassium, zinc, total nitrogen, and
organic carbon content in lowland than “bank” soils [10]. The greater nutrient and water
availability in the “low” physiographic position allowed the native flora to use them for
their metabolism and development, which was reflected in a better chemical composition
compared to species from the “bank” physiographic position [23].
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4.3. Influence of Transition Periods on Grasses’ Chemical Compositions

In the PCA by transition period, better nutrient composition trends were observed in
pastures growing during the rainy–dry transition period. A. zizanioides and P. versicolor
contained higher CP, ash, EE, TDN, DMD, ME, and P concentrations. Some species, mainly
from “low” physiographic positions (L. hexandra and H. amplexicaulis), also showed these
characteristics, without any significant changes during both studied periods. Similarly,
P. plicatulum, P. versicolor, Mulato, and U. humidicola were characterized by higher HC
and Mg2+ content. Grasslands are highly sensitive to environmental conditions such as
rainfall [35,38]. During the rainy–dry transition period, rains decline to a moderate level,
which stimulates the grasses’ ecophysiological responses [39]. Moderate rainfall moistens
the soil’s top layer, which allow the relatively shallow root systems of grasses to absorb
water and improves the plants’ aerial tissue production and nutritional characteristics [9,40].
It was reported that tropical pastures like Megathyrsus maximus and several Urochloas spp.
cultivars growing in the wet–dry transition period or in rainy periods presented higher
crude protein and total digestible nutrient content and in vitro dry mass digestibility [9], as
well as better performance in terms of plant height, total dry matter yields, leaf dry matter
yields, and leaf area index [41].

The PCA by transition period also showed that pastures growing during the dry–rainy
transition period were characterized by higher NDF, HC, ADF, and lignin content (Mulato,
P. plicatulum, and A. zizanioides). Species like Paspalum sp. and U. humidicola presented high
fiber concentrations in both periods. In the flooded savannah ecosystem, temperatures can
reach above 40 ◦C during the dry periods [42], and, as mentioned before, plants subjected to
these conditions for a long time accelerate their metabolism and display faster maturation
and cell wall thickening to construct support structures that ensure their longevity [33,43].

4.4. Influence of Cutting Intervals on Grasses’ Chemical Compositions

In the PCA by cutting interval, better nutritional quality in young pastures was found.
“Low” physiographic position grasses like A. zizanioides and H. amplexicaulis at 30 days
produced the highest CP, ash, EE, TDN, DMD, ME, P, and S content, while L. hexandra did
so steadily from 30 to 50 days, without drastic changes. High nutrient availability can be
found in young pastures since they present a greater number of leaves and tender stems,
whose tissues are made up of easily lysed cells with cytoplasmic content rich in highly
digestible soluble constituents such as sugars, starches, protein, fat, pectins, etc., which can
be used by ruminal microorganisms quickly [24]. L. hexandra presents further advantages
since it can be used from 30 to 50 days, without major effects on its nutrient availability.
These results agree with the optimal grazing ages recommended under tropical conditions
for different Urochloa and Megathyrsus lines, which range between 21 and 42 days [44,45].

On the other hand, the PCA by cutting interval also showed that the 50-day-old P.
plicatulum, A. compressus, and Paspalum sp. grasses presented the highest NDF, HC, and
lignin levels. This behavior was also observed in Mulato and U. humidicola from an earlier
age (40 days onwards). The forage cell wall (NDF) comprises several polysaccharides,
including cellulose, hemicellulose, and pectins, as well as protein residues and a complex
matrix of lignin. These fractions increase their concentrations in the cell wall as plants
age. In the initial stage, the forage cell wall is made up of a primary wall where cellulose
predominates. Over time, secondary cell wall thickening emerges, where more cellulose and
hemicellulose are deposited. The final formation of the secondary thickening encourages
the primary wall’s lignification, and the process continues over time until the secondary
layer is reached [37]. The aforementioned process is accelerated under high-temperature
conditions, where plants speed up their metabolic processes and make use of soluble
carbohydrates for cell wall component formation. In this way, advanced-age grasses are
characterized by low soluble cell content concentrations and high proportions of lignified
fibrous components. The limiting factor is that lignin is undigestible, and its cross-linked
association with potential degradable polysaccharides (cellulose, hemicellulose, and pectin)
reduces their digestibility, affecting energy synthesis [24]. Old grasses also present higher
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proportions of stems, which are characterized by the presence of lignified tissues, which
also contributes to reducing the grasses’ digestibility [37]. An important fact observed in
the results is that introduced species presented faster fiber accumulation rates than native
grasses under the studied ecosystem. This implies faster maturation rates and the fact that
they should be used at earlier ages (<40 day) in animal nutrition, to avoid important losses
in their chemical compositions.

In the PCA by cutting interval, it was also found that the A. compressus grass presented
high DM throughout its growth; however, this grass was included within the samples
with greater fibrous content, which is undesirable since its digestibility is affected [32].
Moreover, pastures such as Mulato showed high Ca2+ and Mg2+ concentrations during
the experimental period, whereas the P. plicatulum grass did so only at 40 days. Mineral
requirements vary frequently according to the animal’s growth phase and production levels.
In these plants, the observed Ca2+ and Mg2+ concentrations (0.52 to 0.53 and 0.23 to 0.28%,
respectively) are within the values required in growing and lactating cattle [46]. Proper
Ca2+ levels maintain osmotic equilibrium, protein synthesis, muscle contraction, and other
physiological activities [47], while adequate Mg2+ concentrations improve growth and
reduce the risk of grass tetany and milk fever [48].

In general terms, this study showed that under floodplain savannah ecosystems,
the productive performance and chemical composition of native grasses were similar to
or even better than those of some introduced species. Likewise, it was observed that
grasses from the “low” positions or growing during the rainy–dry transition periods and at
30-day cutting intervals were characterized by higher concentrations of easily digestible
nutrients. Conversely, those grasses from the bank positions, growing during the dry–rainy
transition period and with 50-day cutting intervals, accumulated greater fiber content,
which compromised their digestibility. Native grasses like L. hexandra, H. amplexicaulis, A.
zizanioides, and P. versicolor constitute promising feed alternatives for grazing animals as
they performed well in terms of chemical composition and were the least affected by the
studied transition periods and cutting intervals.

5. Conclusions

The nutritional and mineral composition variability of introduced and native grasses
adapted to the floodplain ecosystem can be explained by eleven variables, including a
digestible (CP, ash, EE, TDN, DMD, ME, P and S) and a partial digestible or undigestible
fraction (NDF, lignin, and HC). “Low” physiographic position grasses presented a higher
proportion of the digestible fraction, whereas “bank” species presented a higher concentra-
tion of the partial digestible or undigestible fraction.

Grasses growing in the rainy–dry transition period (L. hexandra, H. amplexicaulis,
A. zizanioides, and P. versicolor) and those with a 30-day cutting interval (A. zizanioides,
H. amplexicaulis, and L. hexandra) presented a greater digestible fraction. Meanwhile,
grasses growing during the dry–rainy transition period (P. plicatulum, Mulato, A. zizanioides,
Paspalum sp., U. humidicola) and with a 50-day cutting interval (P. plicatulum, A. compressus,
Paspalum sp., Mulato, and U. humidicola) were characterized by the partial digestible or
undigestible fraction.

The L. hexandra, H. amplexicaule, A. zizanioides, and P. versicolor native species present
potential to feed grazing animals since they showed optimal chemical compositions and
were the least affected by the studied cutting intervals and transition periods. Remarkable
performance was found in L. hexandra, since it was not affected by any variable, suggesting
that it can be used in any transition period and between 30 and 50 days without negative
changes in its chemical composition. In the case of the introduced grasses (Mulato and U.
humidicola), fiber accumulated in both transition periods after 40 days. This implies that
under the studied ecosystem, these pastures need to be used between 30 and 40 days and
under a technical management scheme to reduce the adverse environmental effect on its
chemical composition.
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This study is one of the first current reports that compares the chemical composi-
tion variability of grasses grown in different physiographic positions of the Colombian
floodplain savannah, and it allows us to identify native grasses that constitute an impor-
tant sustainable food resource for grazing livestock under the studied ecosystem. It is
recommended to reinforce this type of study, including a greater number of forage species
exposed to different technical management schemes (fertilization and irrigation), including
animal trials, in order to evaluate animal consumption and performance.
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