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Abstract: Productive and nutritional evaluations of native grasses are usually scarce, limiting their
use in the feeding of herbivorous species. This study aims to determine the forage yield and
nutritional value of native grasses from the floodplain “banks” ecosystem in the Colombian Orinoquia.
Four native grasses (Paspalum plicatulum, Axonopus compresus, Axonopus purpussi, and Paspalum
spp.) and a “control” grass (introduced Brachiaria hybrid cv. Mulato) were sown and sampled
at 30, 40, and 50 days of age. On each sampling date, biomass production in a 1 m? frame was
estimated, and the chemical composition was analyzed using near-infrared spectroscopy. Data
analysis included repeated measures analysis, correlations, and multiple linear regression. The
grasses’ nutritional characteristics varied as follows: dry matter (DM, 0.9-2.5 ton/ha), crude protein
(CP, 4.3-10.2%), neutral detergent fiber (NDF, 61-73.9%) ash (3.2-8.7%), and dry matter digestibility
(DMD, 50.8-56.3%). P. plicatulum achieved comparable forage production to that of the “control”
grass. A. purpussi, Paspalum sp., and P. plicatulum presented similar CP and ash contents, and a
higher Ca:P ratio. Regression analysis indicated that DMD was affected by the CP and acid detergent
fiber (ADF) levels. These native grasses constitute promising nutritional alternatives that must be
considered in the region’s livestock-production systems; however, detailed studies to evaluate animal
performance and consumption are still required.
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1. Introduction

Grasslands comprise 26% of global land and are constituted mainly of grasses, with
a lesser presence of shrubs and trees (<10%) [1,2]. Most grasslands are in developing
countries under tropical conditions and constitute an important resource for the livelihoods
of close to 200 million people in semiarid and arid zones; similarly, these ecosystems
provide the main feed alternative for raising livestock in grazing conditions. The flora
biodiversity of natural grasslands constitutes a valuable alternative to improve livestock
production and to promote the exploitation of different ecosystem services to guarantee
environmental conservation [1,2].

Floodplain savannahs are located within the departments of Arauca and Casanare
in the Colombian Orinoquia region and form part of the tropical savannahs [3-5]. This
ecosystem covers more than 5 million hectares, and extensive livestock production has
developed as one of the main economic activities in the region [6]. A rainfall regime from
April to November occurs in the area, during which the savannahs are flooded by rain
and water from the overflow of the main rivers. The dry season extends from December
to March, with a water deficit that severely limits forage availability and agricultural
production [6,7]. The soils are moderately fertile and exhibit drainage limitations [8]. This
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ecosystem retains special characteristics, given the climatic seasonality and water and
nutrient dynamics [4,5]. The floodplain ecosystem is composed of different strata known as
physiographic positions, which are defined by relief, water dynamics, and drainage. The
highest areas include the “banks” where diverse native grasses grow and support livestock
activity during the rainy season, when the lowest parts of the zone are flooded [6,7,9] In
the “banks” physiographic position, common native grasses include Paspalum plicatulum
Michx (black grass), Axonopus purpusii (Mez) Chase (Guaratara grass), Axonopus compressus
(Sw.) P. Beauv (Gegei grass), and Paspalum sp.(L.) L., as well as introduced grasses, mainly
of the Brachiaria genus. The native forage availability varies according to the physiographic
position and climatic season, with some disappearing during the rainy season and others
during the dry period. A high diversity of native plant species is generally observed in the
“banks” that are mainly used for grazing ruminants and soil cover [10].

Despite the vast grasses diversity in the “bank” ecosystem, few studies have been
conducted to evaluate the forage potential and nutritional composition of many of these
native savannah floodplain species [3,6,7], possibly because it is a difficult task due to
the vegetation’s high spatial and temporal heterogeneity [11]. Some authors affirmed
that native grasses, such as Axonopus purpusii or Leersia hexandra, present protein contents
between 5 and 10.3%, which are higher than those of some Brachiarias species grown in
the zone [6,12]. These reports are promising; however, detailed studies on the productive
behavior and nutritional value of the great diversity of plants present in this ecosystem are
still required. In this way, it is possible to identify promising species that can be used in the
nutrition of ruminant animals in the region.

Due to the lack of knowledge of the properties of native grasses, many of them are
currently being replaced by introduced grasses (e.g., Brachiaria sp.), with the belief that
they are more productive and present higher nutritional value [13]. In general, introduced
grasses are expected to be more productive and have higher nutritional quality than native
species [13]; however, this hypothesis has yet to be rigorously validated through direct
experimental studies within the floodplain ecosystem, as biomass production and quality
vary with edaphoclimatic conditions [14,15].

The forage yield and nutritional evaluation of native plants of flooded savannahs are
important to determine their biomass production and the chemical composition variability.
Forage nutritional quality analysis is based on several metrics, and the most frequently
reported include dry matter (plant tissue remaining after drying), crude proteins, and fibers
(cellulose, hemicellulose, and lignin), and their digestibility (potential plant tissue that
can be digested by herbivores). Similarly, the contents of energy, ash, and some specific
mineral components are also considered [16,17]. These metrics are used in conjunction to
evaluate the nutritional potential of forage and to estimate animal performance in terms of
milk, meat, reproduction, etc. [18,19]. In this way, knowledge of forage’s nutritive value
is a required prerequisite to establishing adequate and sustainable use of pastures [16,17].
Usually, wet chemical methods are used to evaluate forage’s nutritional composition; how-
ever, these procedures are expensive and time-consuming. An alternative method known
as near-infrared spectroscopy (NIRS) has emerged to provide a faster, cheaper, and more
accurate technique to determine the chemical composition of forage. The NIRS reliabil-
ity depends on the calibration equations developed to estimate nutrient concentrations.
Once the equations are established, the NIRS allows the estimation of several nutrient
concentrations simultaneously in a fast and easy-to-handle operation [19,20].

Knowledge of the nutritional composition of native grasses to flooded savannahs will
contribute to the valuation and conservation of the native germplasm [21]. This information
will encourage local producers to use and spread these native genetic resources, given their
adaptive traits to the existing climatic conditions [22]. The implementation of alternative
feed resources for grazing animals by local producers will contribute to farm profitability,
as native pastures are the most-abundant and lowest-cost feed sources [23]. Native grasses
not only are important as feed sources for grazing animals, but also for environmental
services and habitat provision for wildlife [10,24]. These genetic resources could present a
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forage potential that can be exploited to improve animal performance without affecting
the natural ecosystem and increasing the resilience of productive systems against climate
change scenarios [10,25,26]. We hypothesize that, under conventional floodplain banks
ecosystem management, some native plants will perform better than some introduced
species in terms of forage yield and quality. The aim of this study was to determine the
forage yield and nutritional value of native grasses adapted to the physiographic position
of “banks” in the floodplain savannahs of the Colombian Orinoquia.

2. Materials and Method
2.1. Study Site

This study was conducted at the Clarinetero Territorial Division Center, Villa Cristina
farm, municipality of Arauca, eastern Colombia (Figure 1). The region is characterized by
flat and floodable savannah topography with the presence of the “banks” physiographic
position (latitude: 7°08'17” N, longitude: 70°59'59” W, and altitude: 125 m) which constitute
the highest areas of the flooded savannah ecosystem, and a diversity of pastures that serve
as food for livestock, especially during the rainy season, when the lower areas remain
flooded. The soils have a sandy loam texture, and according to Holdridge’s classification,
the region corresponds to a subhumid tropical forest zone [27].
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Figure 1. Circle: Floodplain savannah region, department of Arauca. Red color: Location of the
department of Arauca. eastern Colombian (latitude: 7°08'17" N, longitude: 70°59'59” W).

During the research period (June-November 2021, rainy season), climate data were
collected with a portable weather station located approximately 600 m from the experimen-
tal site. The highest average temperature was 33.4 °C (October), and the lowest was 22.1 °C
(November). The total precipitation during the grass growth cycle was 825.4 mm, and the
average relative humidity was 90.7%.

Nineteen soil samples of 0.8-1 kg at a depth of 30 cm were collected using a shovel.
The samples were stored in sealed plastic bags; later, they were pre-dried under natural
environmental conditions until they reached a moisture content between 15% and 24%. The
samples were pooled and sent to the laboratory to determine their characteristics following
the procedures established in the Colombian Technical Standards (CTS) of the Colombian



Sustainability 2022, 14, 15151

40f18

Institute of Technical Standards and Certification (ICONTEC). The soil pH was estimated
using a potentiometer [28]. The total nitrogen was determined by the Kjendahl digestion
method [29], while organic carbon was determined by the Walkley-Black method [30].
Soil-exchangeable bases (Na, Ca, Mg, and K) were determined by extraction with 1 N
ammonium acetate at pH 7 [31], and microelements (Cu, Fe, Zn, and Mn) were estimated by
atomic absorption spectrophotometry [32]. The soil available phosphorus was determined
by extraction with Bray II solution [33] and boron was determined by ultraviolet—visible
spectrophotometry [34]. The cation exchange capacity was estimated using the ammonium
acetate saturation method [35], and exchangeable acidity determination (Al and H) was
conducted by potassium chloride (KCI) extraction [36]. The soil texture was determined by
the Bouyoucos method and the textural triangle [37]. The soil samples were analyzed in the
Soil, Water, and Foliar Laboratory of the Universidad Nacional de Colombia, Orinoquia [38],
and their physicochemical properties are shown in Table 1.

Table 1. Physicochemical properties of the soils from the “banks” physiographic position.

g/kg

pH OC TN Ca

503 7.68 0.66 1.47
+ + + +
0.46 2.0 0.17 0.56

meq/100 g mg/kg %
Mg K Al+H CEC Na P Cu Fe Zn Mn B Lime Sand Clay
095 012 0.78 8.59 386 148 2173 3.85 2628 1.02 3297 5218 14.61
+ + + <0.13 + + + =+ + + + + +
035  0.06 0.43 2.40 242 044 5131 112 546 035 540 963 3.64

OC: Organic carbon; TN: total nitrogen; CEC: cation exchange capacity.

2.2. Evaluated Species

Native grasses included in the study were selected in a participatory manner with
the livestock producers in the region. Previous meetings were held with livestock farmers
associated with the livestock committee of the region to define the candidate grasses to
evaluate according to their knowledge and observations of which were the most consumed
by cattle. Similarly, the selection of other criteria was based on aspects related to the
representativeness of the species in the “bank” physiographic position and forage biomass
production. Brachiaria hybrid Mulato was included in the experiment as a “control” grass,
as it is an introduced species commonly used in livestock systems in the region for grazing
animals. The names and characteristics of the evaluated grasses (Table 2) were taken from
Plants of the World Online.

Table 2. Experimental grasses included in the study.

Species (Scientific Name) Common Name Growth Habit Characteristic
Paspalum plicatulum (Michx.) Kuntze (1898) Black grass Bunch Native
Axonopus compresus (Sw.) P. Beauv (1912) Gegei grass Stoloniferous Native
Axonopus purpussi (Mez) Chase (1927) Guaratara Stoloniferous Native
Paspalum sp. (L.) L. (1762) Native grass Rhizomatous Native
Brachiaria hybrid cv Mulato I (control) Mulato grass Bunch Introduced

2.3. Experimental Design

Each species was established in 9 m? plots (3 m x 3 m; 1 m distance between plots)
in triplicate under a completely randomized experimental design (Figure 2). A total of
15 experimental units were established in the “savannah bank” physiographic position
during the region’s rainy season (June-November 2021).
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Figure 2. Native grass of the “bank” physiographic position of floodplain savannah (Villa Cristina
farm, Arauca, Colombia): (a) Paspalum plicatulum, (b) Axonopus compresus, (c) Paspalum sp., and
(d) Axonopus purpussi.

The agronomic management for the establishment of each experimental plot included
manual soil preparation, sowing, irrigation, and weed eradication. According to Table 1,
an acidic soil with low P, K, Ca, Cu, and CEC levels and high Mn, Fe, B, and Zn was found.
To complement essential nutrients for grass growth and guarantee optimal establishment
of the plants, approximately 500 g of diammonium phosphate (16% N and 40% P,0Os) was
added to each plot at planting to ensure adequate N and P availability for the plants [39].
Sowing was performed with viable vegetative material (stolons, rhizomes, bunch, and
stems) in morphological and sanitary terms. The plant density in the plots was as follows:
P. plicatulum (232 plants/m?), A. purpussi (436 plants/m?), Paspalum sp. (619 plants/m?),
B. hybrid Mulato (216 plants/m?), and A. compresus (362 plants/m?). The vegetative
material was obtained from farms near the experimental area. Ninety-three days after the
plots were established, a leveling cut was made 10 cm from the ground using a sickle, and
the 50-day experimental period then began.

Height measurements were taken from the ground level to the longest leaf of an
average of 15 plants in each experimental plot at 30, 40, and 50 days of age using a metric
ruler. Then, grass samples were collected at each cutting time using a 1 m? PVC frame by
cutting the available material within the frame at 10 cm from the ground. On each sampling
date, a grass sample was collected from each experimental plot. A Ranger precision balance
was used to weigh the fresh sample obtained from each frame. Then, the samples were
dried for 72 h at 60 °C in a Caloric brand electric oven. Based on the collected data, the fresh
and dry matter yields per hectare were estimated. Each sample was stored in kraft paper
bags and transported to the Analytical Chemistry Laboratory of the Agricultural Research
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Corporation (AGROSAVIA). The forage samples’ nutritional values were analyzed using
near-infrared reflectance spectroscopy (NIRS). The dry forage samples were homogenized
to ensure a similar particle size; subsequently, they were placed in a 50 mm-diameter
ring cup and spectra were obtained using FOSS NIR Systems DS6500 model equipment
by scanning in the range of 4002498 nm. The reference and the new spectra data were
handled with WinISI 4.7.0.0 (Foss, Hilleroed, Denmark) [19]. The used calibration equations
were constructed with spectra from 2020 forage resources of three families (Grass forage,
n = 1418; legume forage, n = 320; and other forage plants, n = 282) sampled since 2014-2016
from different livestock regions of Colombia [19]. The estimated variables were the dry
matter (DM), crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF),
lignin, dry matter digestibility (DMD), ash (inorganic mineral fraction), calcium (Ca), and
phosphorus (P).

2.4. Statistical Analysis

As the evaluated agronomic and nutritional quality variables presented a longitudinal
structure, data were analyzed using a mixed model for repeated measures [40] through the
following linear model:

Yijk =u+ Gi + T] + (GT)I] + I+ Eijk

where Yjy represents the nutritional quality variable observed in the “it” grass type and
“jt” cutting age; 1 represents the general average of the observed variable; G; represents
the fixed effect of “it” grass type (A. compresus, A. purpussi, B. Mulato (control), Paspalum
sp., and P. plicatulum); Tj represents the fixed effect of “jt” cutting age (30, 40, or 50 days);
(GT);; represents the interaction effect between grass type and cutting age; r represents
the random effect corresponding to the kth repetition of each GT interaction; and ¢ rep-
resents the random error term. It was assumed that ry and ¢; were independent and
distributed ~ N (0, sz). When it was required, the evaluated models were corrected for
heteroskedasticity using functions that related residual variances to the mean. Three co-
variance structures were analyzed to consider the relationships between repeated measures
(independent errors, compound symmetry, and first-order autoregressive). The best model
was selected using the Akaike and Bayesian information criteria. The analysis was per-
formed using the “mixed and general linear models” option of the statistical software
Infostat [41]. The least significant difference (LSD) was used for mean differentiation
(p < 0.05).

Furthermore, to evaluate the relationship between the nutritional quality parameters
of the studied plants, the mean values of the variables were unified, and Spearman’s
correlations were calculated (p < 0.05). Finally, a multiple linear regression analysis was
conducted to predict DMD, as this fraction constitutes the proportion of forage material
potentially digestible by ruminants animals and is an important parameter to evaluate
feed quality [42]. The nutritional composition variables (DM, CP, NDF, ADE, lignin, ashes,
Ca, P, and plant height) were used as regressors. Due to the presence of correlated regres-
sors, the “Backward” variable elimination method was used to identify those that were
significant (p < 0.05). All the analyses were performed using the statistical package Infostat
(Universidad de Cérdoba, Cérdoba, Argentina) [41].

3. Results

All of the evaluated productive and chemical composition variables showed statistical
differences throughout the studied experimental period (p < 0.05), except for the green
forage yield (GF). Thus, the results and discussion will focus on the evaluated grass type X
cutting age interaction.
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3.1. Forage Yield

The forage yield variables during the growth of the evaluated grasses under the
“bank” physiographic position are shown in Table 3. Green forage production (tons/ha)
did not undergo significant changes during the experimental period (p > 0.05). However,
when the species and cutting day effects were evaluated independently, differences were
observed (p < 0.05). The “control” grass and P. plicatulum had the highest yields, with
values of 7.41 and 7.36 tons GF/ha, respectively. A. purpussi, Paspalum sp., and A. compresus
plants presented GF production below that of the control grass by 28.3%, 36.2%, and
38.4%, respectively. A. purpussi yielded GF similarly to Paspalum sp. (5.31 and 4.73 tons
GEF/ha, respectively), while A. compresus yielded the least GF (3.82 tons GF/ha). In terms of
cutting days, the highest green forage production occurred at 40 and 50 days, with 6.27 and
6.37 tons GF/ha, respectively.

Table 3. Forage yield during the growth of grasses adapted to the “banks” physiographic position
from the Orinoquia flooded savannahs.

Speci Cutting Age Height (cm) GF (tons/ha) DM (tons/ha) DM (%)
pecies (Days) Mean SEM Mean SEM Mean SEM Mean SEM

A. compresus 32.0f 2.2 2.9 0.56 09f 150.7 30.0 be 0.8
A. purpussi 189 h 1.8 4.0 0.56 1.0 ef 150.7 25.5 ef 0.8
Mulato (control) 30 100.0 ab 4.6 6.8 0.56 1.6 bc 150.7 232 fg 0.8
Paspalum sp. 14.0 1 1.5 3.3 0.56 1.0 ef 150.7 30.9 abc 0.8
P. plicatulum 76.6 C 2.3 5.7 0.56 1.1 def 150.7 20.0h 0.8
A. compresus 320f 2.1 4.2 0.56 1.3 cde 150.7 32.0 ab 0.8
A. purpussi 378¢e 1.8 6.2 0.56 1.5bcd 150.7 245 f 0.8
Mulato (control) 40 104.4 a 4.6 7.5 0.56 1.6 bc 150.7 21.6 gh 0.8
Paspalum sp. 260¢g 15 55 0.56 1.6 bed 150.7 28.1cd 0.8
P. plicatulum 80.4 ¢ 2.3 79 0.56 19b 150.7 23.6 fg 0.8
A. compresus 33.6 ef 2.2 4.4 0.56 1.5bcd 150.7 34.0a 0.8
A. purpussi 442d 1.8 5.7 0.56 1.5bcd 150.7 27.1de 0.8
Mulato (control) 50 1074 a 4.6 79 0.56 25a 150.7 31.3 ab 0.8
Paspalum sp. 31.6f 15 5.4 0.56 1.6 bc 150.7 29.8 be 0.8
P. plicatulum 93.6 b 2.3 8.5 0.56 2.4 a 150.7 28.2 cd 0.8

Interaction (p-value)

<0.0001 NS 0.0126 <0.0001

GF: Green forage; DM: dry matter; SEM: standard error of the mean. Different letters in the same column differed
statistically (p < 0.05).

DM production per hectare showed statistical differences during the experimental
period (p < 0.05). On day 30, it was higher in the “control” grass than in the other evaluated
plants (p < 0.05), with an estimated average yield of 1.6 tons DM /ha. On day 40, A. purpussi,
Paspalum sp., and P. plicatulum grasses presented yields comparable to those of the control
(1.5 to 1.9 tons DM /ha). On day 50, the highest DM production was found in the “control”
grass and P. plicatulum, with values of 2.5 and 2.4 tons DM /ha, respectively.

The plants’ heights varied across all the studied grasses. In the three evaluated periods,
the tallest plant in statistical terms was the “control” grass (100 cm to 107.4 cm), followed
by P. plicatulum (76.6 cm to 93.6 cm), while the shortest plant was Paspalum sp. (14 cm to
31.6 cm). The heights of A. compresus and A. purpussi varied according to the evaluation
period. A. compresus was taller than A. purpussi at 30 days (32 cm vs. 18.9 cm). However, an
inverse situation was observed at 40 (32 cm vs. 37.8 cm) and 50 (33.6 cm vs. 44.2 cm) days.

The DM concentration in the “control” grass ranged from 21.6% to 31.3%. Paspalum sp.
and A. compresus outperformed the “control” at 30 and 40 days (28.1% to 34%); however,
this difference was not observed at 50 days. A. purpussi and P. plicatulum had values similar
to those found in the “control” grass on days 30 and 40 (20% to 25.5%), but lower values on
day 50 (Table 3).
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3.2. Chemical Composition

The grasses’ nutritional compositions during the evaluated growth period are shown
in Table 4. The CP content of the plants ranged from 4.3% to 10.2%. The CP concentration
varied among the studied grasses. In the case of A. purpussi, Paspalum sp., and the “control”
grass, the CP levels were reduced until day 40 and later stabilized between 4.4% and 7.4%
until day 50. In A. compresus, the CP content presented a growing pattern during the
experimental period, while in P. plicatulum the highest CP value was observed at 40 days,
and then decreased until day 50. Despite the variability in the CP levels, those of native
grasses were found to be similar to or higher than those of the “control” grass. At 30 days,
grasses such as A. purpussi, Paspalum sp., and P. plicatulum presented 43.1%, 40.8%, and
29.2% higher CP values than those of the control (p < 0.05), with values ranging between
8.2% and 10%. At 40 days, P. plicatulum and A. purpussi maintained their superiority, along
with the A. compresus plant (6% to 9.3%). At 50 days of age, A. compresus had the best
performance (9.9%), while A. purpussi, the “control” grass, and Paspalum sp. presented
similar values (6% to 7.4%), and P. plicatulum had the lowest yield (4.3%).

Table 4. Protein and mineral contents during the growth of grasses adapted to the “banks” physio-
graphic position from the Orinoquia flooded savannahs.

. Cutting Age CP (%) Ash (%) Ca (%) P (%)
Species (Days) Y

ean SEM Mean SEM Mean SEM Mean SEM
A. compresus 5.1 fgh 0.5 6.2 cd 0.5 0.34 cde 0.04 0.28 ab 0.02
A. purpussi 102 a 0.5 57d 0.5 0.40 bed 0.04 0.25 bed 0.02
Mulato (control) 30 5.8 efgh 0.5 6.8 bed 0.5 0.40 bed 0.04 0.25 abed 0.02
Paspalum sp. 9.8 ab 0.5 6.6 bed 0.5 0.37 bede 0.04 0.22 bede 0.02
P. plicatulum 8.2 bc 0.5 8.0 ab 0.5 0.66 a 0.04 0.26 abc 0.02
A. compresus 6.0 edf 0.5 56d 0.5 0.33 cde 0.04 029 a 0.02
A. purpussi 6.6 def 0.5 7.3 bc 0.5 0.40 bed 0.04 0.25 abed 0.02
Mulato (control) 40 44 ¢h 0.5 6.1cd 0.5 0.32de 0.04 0.26 ab 0.02
Paspalum sp. 5.8 efg 0.5 8.7a 0.5 0.44 bc 0.04 0.21 de 0.02
P. plicatulum 9.3 ab 0.5 8.5ab 0.5 047b 0.04 020e 0.02
A. compresus 99a 0.5 32e 0.5 0.35 cde 0.04 0.21 cde 0.02
A. purpussi 74cd 0.5 6.5cd 0.5 0.38 bed 0.04 0.27 ab 0.02
Mulato (control) 50 6.0 def 0.5 38e 0.5 0.14 f 0.04 0.23 bede 0.02
Paspalum sp. 7.0 cde 0.5 8.3 ab 0.5 0.38 bed 0.04 0.26 abc 0.02
P. plicatulum 43h 0.5 57d 0.5 0.25 ef 0.04 0.22 bede 0.02

Interaction (p-value)

<0.0001 0.0046 <0.0001 0.0045

CP: Crude protein; Ca: calcium; P: phosphorous; SEM: standard error of the mean. Different letters in the same
column differed statistically (p < 0.05).

The ash content of the studied grasses varied between 3.2% and 8.7% (Table 4). In
A. compresus and the “control” grass, the ash contents were reduced during the experimental
period. In Paspalum sp., P. plicatulum, and A. purpussi, the ash concentration increased for
up to 40 days before stabilizing. Throughout the experimental period, it was observed that,
at 30 days, P. plicatulum showed the highest ash percentage (8%), while the other pastures
had similar values between 5.7% and 6.8%. At 40 days, Paspalum sp. and P. plicatulum
presented the highest ash levels (8.5% and 8.7% respectively), followed by A. purpussi
(7.3%), while the lowest values were found in A. compresus and the “control” grass (5.6%
and 6.1%, respectively). At 50 days, Paspalum sp. continued to exhibit the highest values
(8.3%), followed by P. plicatulum and A. purpussi grass (5.7% and 6.5%, respectively),
while A. compresus and the “control” grass presented the lowest percentages (3.2% and
3.8% respectively).

P. plicatulum grass showed the highest Ca values (0.25% to 0.66%) during the exper-
imental period (p < 0.05), while those of the other native grasses ranged from 0.32% to
0.44%. The “control” plant had the lowest Ca value at 50 days (0.14%). On the other hand,
the P concentrations were similar in all grasses (p < 0.05) at 30 and 50 days, with values
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between 0.22% and 0.27%. Statistical differences occurred at 40 days, where P. plicatulum
and Paspalum sp. grasses presented the lowest values among the studied plants (0.2%
on average).

3.3. Fiber Composition and Digestibility

The fiber fractions and DMD of the studied plants are presented in Table 5. The
estimated NDF among pastures ranged between 61% and 73.9%. The NDF levels in
P. plicatulum, Paspalum sp., the “control” grass, and A. purpussi increased over time (63.1%
to 73.9%). The native A. compresus grass showed less variable NDF values during the
experimental period (61% to 70%). No statistical differences were found in the NDF levels
between the native grasses and the “control” grass (p > 0.05), except for A. compresus at
50 days, which had a lower value (61.0% vs. 71.1%).

Table 5. Fiber composition and digestibility variables during the growth of grasses adapted to the
“banks” physiographic position from the Orinoquia flooded savannahs.

. Cutting Age NDF (%) ADF (%) Lignin (%) DMD (%)
Species (Days) Y
ean SEM Mean SEM Mean SEM Mean SEM

A. compresus 65.8 def 1.2 35.1cd 1.2 9.3 cdef 04 52.5 defg 0.5
A. purpussi 63.1fg 1.2 36.7 ¢ 1.2 8.3 fg 0.4 56.0 a 0.5
Mulato (control) 30 64.9 ef 1.2 30.7 e 1.2 78¢g 0.4 54.4 bc 0.5
Paspalum sp. 68.5 bede 1.2 39.3 abc 1.2 8.9 cdefg 0.4 55.0 abc 0.5
P. plicatulum 63.2 fg 1.2 34.9 cd 1.2 80g 0.4 55.1 ab 0.5
A. compresus 70.0 bc 1.2 38.8 bc 1.2 9.7 abcd 0.4 52.1 efgh 0.5
A. purpussi 69.1 bed 12 359c 12 9.5 cdef 0.4 53.5cd 0.5
Mulato (control) 40 67.9 cde 1.2 324 de 1.2 8.6 defg 0.4 52.8 def 0.5
Paspalum sp. 69.4 bed 1.2 36.6 1.2 9.7 bede 0.4 52.6 defg 0.5
P. plicatulum 64.4 efg 1.2 36.2c 1.2 8.5 efg 0.4 55.6 ab 0.5
A. compresus 61.0 gg 1.2 354 cd 1.2 8.4 fg 0.4 56.3 a 0.5
A. purpussi 71.1 abc 1.2 38.7 bc 1.2 9.3 cdef 0.4 53.2 cde 0.5
Mulato (control) 50 71.1 abc 1.2 40.3 ab 1.2 10.4 abc 04 51.6 gh 0.5
Paspalum sp. 72.3 ab 1.2 426a 1.2 109 a 0.4 51.7 fgh 0.5
P. plicatulum 739a 1.2 38.6 be 1.2 10.8 ab 0.4 50.8 h 0.5

Interaction (p-value)

0.0001 0.0039 0.0027 <0.0001

NDE: neutral detergent fiber; ADF: acid detergent fiber; DMD: dry matter digestibility; SEM: standard error of the
mean. Different letters in the same column differ statistically (p < 0.05).

The ADF content increased over time in most of the evaluated pastures, especially
after 40 days of age. Among the studied plants, the ADF values ranged between 30.7% and
42.6%. In general, it was observed that the “control” grass had the lowest ADF percentages
at 30 and 40 days (p < 0.05), with average values of 30.7% and 36.6%, respectively. At
50 days, no differences were found between A. purpussi, Paspalum sp., and the “control”
grass (38.7-42.6%), while A. compresus and P. plicatulum exhibited the lowest values (35.4%
and 38.6% respectively).

The lignin content varied between 7.8% and 10.9% in the studied grasses, with in-
creasing values in Paspalum sp., P. plicatulum, and the “control grass” throughout the
experimental period. Most of the native grasses presented lignin levels comparable to those
of the “control” plant, except for A. compresus, which differed at 30 days with higher values
(9.3% vs. 7.8%) and at 50 days with lower values (8.4% vs. 10.4%).

In this study, DMD decreased as the plants’ ages increased. In the case of A. compresus,
initially, DMD remained stable before increasing in the final sampling phase. At 30 days,
the A. purpussi and A. compresus grasses presented the highest and lowest DMD values (56%
and 52.5%, respectively), while those of the other grasses were similar (54.4% to 55.1%).
The P. plicatulum species outperformed the other grasses over the course of 40 days, with
average values of 55.6%. Finally, on day 50, A. purpussi and A. compresus showed the highest
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digestibility (53.2% and 56.3% respectively), while those of the other grasses were similar
(50.8% to 51.7%).

3.4. Association between Nutritional Composition Variables

The Spearman’s correlation coefficients between the nutritional composition variables
are shown in Table 6. Positive associations among DM-ADF (r = 0.60), NDF-lignin (r = 0.82),
ash—Ca (r = 0.79), and DMD-CP (r = 0.83) were found, while negative correlations among
height-DM (r = —0.71), height-ADF (r = —0.71), DMD-NDF (r = —0.78), and DMD-lignin
(r = —0.74) were estimated.

Table 6. Spearman’s correlation analysis between nutritional composition variables in native species
from the “bank” physiographic position under flooded savannahs (coefficients and their significance
are below and above the diagonal, respectively).

Age DM CcP NDF ADF Lignin DMD Ash Ca P Height
Age 0.3590 0.9535 0.3088 0.5646 0.1931 0.8428 0.5809 0.5062 0.6920 0.5000
DM 0.29 0.4628 0.5012 0.0461 0.1020 0.6262 0.0996 0.1152 0.9565 0.0100
CP 0.02 0.23 0.1205 0.1335 0.2402 0.0009 0.6482 0.2816 0.1373 0.2200
NDF 0.32 0.20 —047 0.1202 0.0012 0.0094 0.5937 0.4266 0.2073 0.7000
ADF 0.19 0.60 0.46 0.47 0.0764 0.7986 0.7106 0.8278 0.9132 0.0100
Lignin 0.40 0.49 —0.37 0.82 0.53 0.0059 0.8881 0.3195 0.4606 0.2000
DMD —0.06 —0.15 0.83 —0.78 —0.08 —0.74 0.963 0.1485 0.0284 0.9100
Ash —0.18 —0.50 —0.15 0.16 -0.11 0.05 —0.01 0.0023 0.1899 0.5600
Ca —0.21 —0.48 0.34 —0.25 —0.07 —0.31 0.44 0.79 0.1021 0.7900
P —0.13 —0.02 —0.45 0.39 —0.04 0.24 —0.63 —0.41 —0.49 0.8000
Height 0.22 —0.71 —0.38 —0.12 —0.71 —0.40 0.04 0.19 0.09 0.08

The correlations were significant (p < 0.05).

Multiple linear regression analysis showed that DMD was influenced by CP (p < 0.0001)
and ADF (p < 0.0001) levels. The estimated equation presented the following form:
DMD = 59.3 + 0.80 (CP) — 0.31 (ADF) + ¢ (R? = 0.99; MSE = 0.002). The observed and
predicted values obtained with the estimated model are presented in Figure 3. A clear
linear tendency can be observed, indicating agreement among the analytical DMD values
and those estimated by the regression model.
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Figure 3. Observed and predicted native grasses’ DMD using the estimated model.
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4. Discussion
4.1. Forage Yield and Composition

The DM production in the “control” grass was similar to the averages of 2.1 to
2.5 tons/ha obtained at 28 and 33 days of growth during the dry season of tropical regions
in Mexico and Colombia [43,44]. The forage yield analysis indicated that, in the “bank”
physiographic position under floodplain savannah conditions, the biomass production of
the native species P. plicatulum (on a fresh and dry matter basis) was comparable to that of
the “control” grass until 50 days of age. This behavior was largely attributed to the similar
morphological characteristics between both plants and their bunch growth habit, which
provided them with similar growth traits and propagation mechanisms [17].

The height measured in the “control” grass was greater than the 61.93 cm and 64.92 cm
values reported in other studies at 56 and 60 days of age [17,45]. However, it was similar
to the 100 cm to 110 cm range observed at 51 and 54 days of growth [46]. Different
height measurements can be due to differences in the soil’s physicochemical properties
and climatic variables, such as rainfall and temperature [45]. The control and P. plicatulum
species were the tallest plants among the studied grasses, which can also be attributed to
the bunch growth habit of these species, which easily outperformed the other grasses with
stoloniferous, rhizomatous, or decumbent growths patterns [17].

With respect to the DM concentrations, in the “control” grass, the values observed
were similar to those found in the Colombian Caribbean and in different Brachiaria acces-
sions [47,48]. In this study, the DM increased over time in all of the evaluated plants, which
was expected, as this variable tended to increase as the plant reached maturity [49,50].
Grasses such as A. purpussi and P. plicatulum were similar to the “control” grass during the
first 40 days (20% to 25.5%), while Paspalum sp. and A. compresus presented higher values
during the same period (28.1% to 34%). The high DM content observed during the early to
medium growth phase of these plants suggests a major proportion in the cell content and a
lower fiber fraction. This suggests that potentially digestible fractions are conserved for a
longer time, which is useful in livestock systems with long grazing periods [51].

The CP content of the evaluated grasses ranged between 4.3% and 10.2% during
the experimental period, being comparable to the reports for other grasses grown under
tropical environments in Latin American regions [14,52,53]. The CP concentration in the
“control” grass was similar to the 7.7% average [43] and the 5.8% to 7.5% range obtained
in 24 accessions of Brachiaria spp. [47]. In general, native grasses were found to be similar
to or higher than the “control” plant in terms of CP concentration. These results suggest
that, in the evaluated ecosystem, native plants presented physiological mechanisms of soil
nitrogen extraction and utilization similar or superior to those of the control grass. In this
way, native plants could also be considered as an alternative protein source under flooded
savannah conditions. These results are interesting, as protein serves as an indicator of the
nutritional potential of pastures [16] and is considered a limiting nutrient, especially in
highly fibrous diets, such as those commonly found in tropical environments [54].

A. purpussi, Paspalum sp., and the “control” grass exhibited a drastic reduction in the
CP content until 40 days, when it then stabilized. The reduction in the CP concentration
over time is an expected behavior, as the metabolic activity of plants is reduced as they
reach maturity [17,51,52]. Similarly, the stability achieved after 40 days suggests that the
CP contents in these grasses were preserved for up to 50 days, and higher losses could be
expected after this age. In A. compresus, the CP content presented a growing pattern during
the experimental period, while in P. plicatulum, the highest CP value was found at 40 days,
which then decreased until day 50. This suggests that A. compresus and P. plicatulum have
slower maturation rates than other grasses, allowing them to use nitrogen efficiently for
longer periods during the early growth phases [45]. This effect could be attributed to their
adaptability to the floodable savannah agroecosystem.

The estimated ash levels (3.2% to 8.7%) were within the range found in other improved
pastures commonly used in animal nutrition [47,52,55]. P. plicatulum, Paspalum sp., and
A. purpussi exhibited higher ash concentrations than the control plant during the experimen-
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tal period. These results confirm the differential abilities of native plants to extract minerals,
even in acidic soil, with low exchangeable base and high microelement concentrations
(Mn, Zn, B, and Fe), similar to those found in the evaluated soil. These results suggest
the necessity to evaluate the individual mineral profile of the ash fraction in the studied
native plants, because, under these conditions, plants can absorb these elements in excess,
producing toxicity in the same plant and in the animals when they are consumed [56].

The ash reduction observed in A. compresus and the “control” grass during the ex-
perimental period could be related to changes in mineral requirements according to the
phenological state [51]. Similarly, the soil type and other climatic variables, such as precipi-
tation and temperature, can influence the availability of elements in the soil solution to be
assimilated by a plant’s roots [55]. Otherwise, the ascending ash concentration until 40 days
and the subsequent stabilization presented in Paspalum sp., P. plicatulum, and A. purpussi
grasses is similar to the pattern observed in another report, where the ash content exhibited
a quadratic behavior, reaching its maximum value at 40 days of age [55].

The Ca and P levels presented between the studied grasses were similar to those found
in tropical forage grown in humid conditions [57]. Only P. plicatulum showed superiority
in terms of the Ca levels compared with the control grass; however, in terms of the P
concentrations, they were similar in all plants. Ca and P are important elements required in
high concentrations as they are involved in different processes as enzyme activators (Ca) or
constituents of organic compounds (P) [58]. The Ca:P ratio is a parameter widely used in
animal nutrition to assess the availability, absorption, and utilization of these elements [15].
The expected range for the maintenance of optimal ruminal performance is between 1 and 7,
resulting in increased possibility of metabolic disorders with higher values [59]. Among
the studied grasses, Ca:P ratios between 0.61 and 2.54 were found, with the lowest value
being associated with the “control” grass at 50 days. The native species had a minimum
value of 1.14, suggesting adequate availability of these elements for animal nutrition.

The observed NDF values (61% to 73.9%) were consistent with those reported in
Brachiaria and Panicum genera [44,45,60], as well as other grass species used for grazing her-
bivorous animals [52,55,57]. All grasses presented similar NDF concentrations during the
experimental period. In P. plicatulum, Paspalum sp., and the “control” plant, the NDF levels
increased over time because of cell wall component accumulation (cellulose, hemicellulose,
and lignin) that usually occurs with advancing plant age and is commonly reported in
forage grasses [17,55]. The native A. compresus plant showed relatively stable NDF values.
Similar results have been reported for this species during the growth period between 21
and 63 days of age under tropical Mexican dry conditions [61]. The results suggest that,
in A. compresus, significant growth of the cell wall components could occur after 50 days
of age.

The ADF concentrations among the studied plants (30.7% and 42.6%) were in corre-
spondence with the observed values in B. brizantha, B. humidicola, B. hybrid Mulato, and
P. notatum under tropical conditions [44,57]. In this study, the control grass showed the
lowest ADF values at 30 and 40 days; however, no difference was observed at 50 days
with respect to that of the native plants. Under warm conditions typical of tropical ar-
eas, plants’ metabolic processes are accelerated, encouraging photosynthetic products to
be used mainly in the continuous formation of cell wall components [53,62]. In native
plants, this adaptive mechanism possibly develops in the early stages to guarantee their
subsistence and longevity. This may be the reason for the higher cell wall lignification
observed in native plants. On the other hand, in the A. compresus grass, the ADF increase
rate was slower than that in the other grasses. This is similar to the observation of the NDF
values and suggests that A. compresus grass presents a slower maturation rate within the
“savannah bank” ecosystem.

Regarding the lignin content, the range found among grasses (7.8% to 10.9%) was also
similar to that in the results reported in other species [44,57]. The lignin concentrations
were comparable among the evaluated plants. However, it should be emphasized that
the values in the “control” plant were higher than those reported for the same species in
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the Colombian Caribbean [43], different cultivars of B. brizantha, B. humidicola, and other
grasses [55,62,63]. This can be attributed to the environmental effects, such as the high
temperatures in the study area (>30 °C), which accelerate plant maturation, resulting in an
increase in the cell wall content, including the lignin level [42,62].

In general terms, fiber variables (NDF, ADEF, and lignin) presented similar behavior
among the evaluated species. Fiber is important because it constitutes the partially di-
gestible fraction in the gastrointestinal tract of herbivorous animals and is composed of com-
plex polysaccharides, such as cellulose, hemicellulose, and pectin, as well as lignin, which
is rich in phenolic compounds [64]. The fiber content increases as plants mature [51,52,65],
and this effect is more intense in tropical species, with increases ranging from 11% to 18%
when compared with temperate climate species [53]. This is consistent with the findings
obtained in the present study, where increases in the fiber levels, especially in the lignin
concentrations, were found. Adverse environmental conditions (high temperatures, solar
radiation, and low precipitation) induce phenological and physiological changes in plants
as an adaptation mechanism to prevent water loss, including the preference of energy
expenditure for the formation of support and defense structures over leaf formation for
rapid growth. In warm conditions, plants express traits that ensure their longevity, rather
than those that promote rapid growth [53].

The estimated DMD values (50.8% to 56.3%) were comparable to those in other reports
described in tropical pastures [14,53]. DMD is one of the main criteria for evaluating
the nutritional potential of forage as a base diet in animal nutrition, as it represents the
proportion of plant material that can be digested by herbivores [14,42]. Native grasses
were comparable to the control plant in terms of DMD, although some of them, such as
A. purpussi, P. plicatulum, and A. compresus, presented higher values during some of the
evaluated periods. This occurred because, although these plants had fiber levels, similar to
the control, their protein concentrations were higher, and under this condition, digestibility
may be improved [66]. Generally, it was observed that DMD was reduced over time in all of
the evaluated plants, which can be attributed to the negative association between DMD and
the fiber content. Increases in the cellulose, hemicellulose, and lignin levels reduce forage
digestibility and intake potential [42]. In the case of A. compresus, DMD remained stable
at first before increasing in the final sampling phase. The lower fiber levels and constant
DMD obtained in A. compresus allowed us to ensure that, under the evaluated conditions,
this grass presented a lower maturation rate than the other species under study. However,
this implied lower DM production per hectare, which was an undesirable characteristic as
it would reduce the feed availability for animals.

4.2. Correlations and Regression Analysis

The DM levels were positively associated with ADF, which can be attributed to the
fact that DM increases as the grass grows, causing cell wall thickening and thus an increase
in fibrous components, including the ADF fraction [51]. These results are consistent with
the positive correlation observed between the NDF and lignin contents, both of which are
also part of the fibrous fraction and increase over time [51,52,65]. The ash and Ca levels
also showed a direct correlation, which was expected because Ca was one of the elements
present in the ash fraction.

In this study, the grasses’ heights showed negative correlations with the DM and ADF
contents. As mentioned previously, as grasses reached maturity a parallel increase in the
DM and fiber (ADF) content would also be expected [51,59]. However, the inverse relation-
ship observed between these variables could be attributed to differences in growth habits
among the evaluated plants. The bunch growth of the “control” grass and P. plicatulum
implied a taller height than that of the other native species, which presented stoloniferous
or rhizomatous growth. This behavior was reflected in data dispersion with an inverse
relationship between the variables, which was declared statistically significant.

DMD presented a positive association with CP and a negative association with dif-
ferent fiber fractions, such as NDF and lignin. Reports in the literature indicate that
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digestibility is largely determined by the chemical composition of the plant, with higher
values in plants with high CP contents and lower in those with high fiber values [14,52,53].

The result of multiple linear regression analysis showed that the CP and ADF levels
significantly influenced the DMD. These results agree with those of other studies, which
indicate that CP and ADF are two of the most important factors in determining the DMD
of pastures [62]. The parameter’s magnitude suggests that, for a unit increase in the CP
percentage and keeping the ADF constant, the DMD increased by 0.80%, while it decreased
by 0.31% for a unit increase in the ADF level. Protein favors DMD because it can be
easily degraded by ruminal microorganisms [66]. Grasses with a low protein content
due to advanced maturity are less digestible [52]. Similarly, ADF is a nearly indigestible
fraction composed of cellulose, lignin, cutting, and lignified proteins that limit the cell wall
carbohydrate degradation at the ruminal level. Therefore, ADF is used to estimate the
digestibility, energy content, and consumption potential of forage species [65,67].

Plants expressing adaptability traits, high forage biomass production, and nutritional
quality are the best choices for grazing animals [64]. Understanding the productive and
quality characteristics of forage species with nutritional potential is crucial for optimizing
pasture management and establishing forage mixtures with desirable nutritional charac-
teristics to ensure adequate animal consumption and productive performance [16]. The
results obtained showed that, in the evaluated agroecosystem, native grasses performed
similarly to the “control” grass in terms of the forage biomass production (P. plicatulum) and
protein and fiber contents (P. plicatulum, A. purpussi, and Paspalum sp.), and exhibited higher
mineral levels, including Ca and P. These observations are promising, especially because the
observed performance was obtained without the use of agronomic management techniques,
such as fertilization and irrigation. This suggests that an integrated management program
can improve the productivity of native pastures [23].

Under tropical conditions and in different agroecological scenarios, such as floodplain
savannahs, livestock activity with herbivorous animals relies on pastures because they
are the most abundant source of nutrients in the area [23,68]. The native grasses’ species
diversity present in the “bank” physiographic position constitutes a valuable resource to
find nutritional alternatives that ensure feed for animals facing the current climate change
scenarios [15]. In livestock production systems on floodplain savannahs, it is common to
establish improved pastures as the first alternative for animal feeding. However, it is not
considered that many of these species present adaptive difficulties that affect their yield and
nutritional value [64,69], and overcoming these difficulties requires intensive management
that is not common in most of the production systems in such regions. The results indicate
that, under the typical “savannah banks” unit dynamics, some introduced species, such as
B. hybrid Mulato (“control”), present similar or even lower biomass production and chemical
compositions than some of the native grasses included in the present study.

These results encourage research efforts to characterize the productive potential of
native plants in different ecosystems, with the aim of incorporating them into livestock
farms, offering to producers a greater diversity of feed alternatives with more flexible
management. It is expected that, through their adaptive characteristics, these forage
species can contribute to strengthening soil-plant-animal interactions and promote the
generation of environmental services, such as the protection and improvement of soils’
physical-chemical properties, nutrient recycling, and greenhouse gas fixation [15,64].

To evaluate the forage potential of a plant species, in addition to its nutritional com-
position and forage production, it is also necessary to know the animal response in terms
of consumption and productive performance [64]. Although most of the native grasses
evaluated in this study are recognized as the main food source in the area, especially
during the rainy season [6], experimental trials are still required to precisely evaluate
animal consumption and the transformation efficiency of the supplied nutrients in animal
products [65].
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5. Conclusions

In the physiographic “bank” position under floodplain savannah conditions, the
evaluated plants presented forage yields and qualities within the ranges reported in tropical
grasses. The native grass P. plicatulum achieved similar biomass forage production to
B. hybrid Mulato grass under the same conditions. In terms of crude protein and minerals,
A. purpussi, Paspalum sp., and P. plicatulum presented similar or even higher concentrations
than B. hybrid Mulato. The Ca:P ratios among native grasses were within the optimal
ranges to guarantee adequate ruminal function. The grass DMD under the physiographic
“bank” position was highly dependent on the CP and FDA contents.

Native grasses, such as A. purpussi, Paspalum sp., and P. plicatulum, constitute sus-
tainable forage alternatives for livestock production in the region. However, to determine
their real forage potential, the evaluation of their response under technical management
(fertilization and irrigation) is still required, as well as animal consumption and perfor-
mance tests.
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