% applied sciences ﬁw\p\py

Article

Multispecies Tropical Grass Pastures as a Strategy for
Pasture-Based Lamb Production Systems

Ana Beatriz Graciano da Costa {7, Juliana Caroline Santos Santana

2(D, Anne Carolinne Rodrigues Linhares da Silva 2,

Felipe Pontes Teixeira das Chagas 2(), Antonio Leandro Chaves Gurgel 3(, Joalisson Candido do Nascimento 2,

Carlo Aldrovandi Torreao Marques 2 Gelson dos Santos Difante (2, Stela Antas Urbano 2

and Joao Virginio Emerenciano Neto

W) Check for updates

Academic Editor: Franco Mutinelli

Received: 12 June 2026

Revised: 16 July 2026

Accepted: 20 July 2026

Published: 22 July 2026

Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

1,2,%

Graduate Program in Animal Science, Federal University of Vale do Sao Francisco,

Petrolina 56304-917, PE, Brazil; beatrizcosta.0303@hotmail.com

Graduate Program in Animal Production, Federal University of Rio Grande do Norte,

Macaiba 59280-000, RN, Brazil; juliana.santana.054@ufrn.edu.br (J.C.S.S.);
annecarolinne23@yahoo.com (A.C.R.L.d.S.); felipe.chagas@ufrn.br (FP.T.d.C.);
joalisson2009@live.com (J.C.d.N.); carlo.torreao@ufrn.br (C.A.T.M.); stela.antas@ufrn.br (S.A.U.)
Campus Professora Cinobelina Elvas, Federal University of Piaui, Bom Jesus 64900-000, PI, Brazil;
antonio.gurgel@ufpi.edu.br

College of Veterinary Medicine and Animal Science, Federal University of Mato Grosso do Sul,
Campo Grande 79070-900, MS, Brazil; gelson.difante@ufms.br

Correspondence: joao.emerenciano@ufrn.br

Abstract

The objective of this study was to evaluate forage yield, chemical composition, canopy
characteristics, and lamb performance in Massai and Marandu grass pastures grown as
monocultures or as a multispecies pasture under intermittent stocking. Lambs, with an ini-
tial body weight (BW) of 21.59 £ 0.12 kg, were allocated to three production systems: Massai
grass monoculture, Marandu grass monoculture, and a multispecies pasture composed
of both grasses. Forage production, canopy structure, chemical composition, nutritive
value, animal performance, and system productivity were evaluated. At pre-grazing, the
multispecies system and the Marandu monoculture had similar values for forage mass
(4232.30 kg ha~!), stem mass (1355.35 kg ha!), and dead material mass (1548.04 kg ha—1!).
In contrast, leaf blade mass and the leaf:stem ratio were higher in the Massai monoculture.
Stocking rate was greater in the multispecies system (12.70 AU ha~') than in the Marandu
monoculture (9.22 AU ha~1); whereas, Massai monoculture (11.10 AU ha~!) did not differ
from either system. Gain per area did not differ among systems, averaging 1267.10 g ha!.
The multispecies pasture composed of Massai and Marandu grasses supported a greater
stocking rate than the Marandu monoculture while maintaining gain per area similar to
that of the monoculture systems.

Keywords: animal production; ingestive behaviour; tropical pastures

1. Introduction

Pastures constitute the foundation of ruminant production systems and are key deter-
minants of both productive and economic efficiency. For this reason, pasture management
is a key factor in pasture-based systems, as it directly affects forage availability, nutri-
tional value, and grazing behaviour [1,2]. In tropical regions, particularly in northeastern
Brazil, where rainfall distribution is irregular and prolonged periods of water deficit occur,
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variability in forage yield intensifies the challenges associated with maintaining animal
performance throughout the year.

In arid and semi-arid environments, rainfall variability directly affects forage avail-
ability and livestock dynamics, making grazing systems highly dependent on the timing
and intensity of precipitation events. Under these conditions, irregular or delayed rainfall
can reduce forage supply and compromise animal production, reinforcing the need for
adaptive management strategies that enhance system resilience and stability [3]. In this
context, the performance of tropical grasses depends on the interaction between rainfall
patterns, soil management, and plant density, directly affecting herbage mass production,
water use efficiency, and forage quality [4].

Traditionally, pasture-based animal production systems rely on monocultures of
grasses, a condition that results in high dependence on environmental variability. In
such systems, the homogeneity of plant morphophysiological characteristics limits the abil-
ity of the sward to respond to climatic changes [5], making forage yield more susceptible to
seasonal fluctuations. In addition, low functional diversity increases system vulnerability
to pests and diseases, potentially compromising large production areas [6]. Multispecies
grass pastures have therefore been proposed as an alternative based on the potential com-
plementarity among species or cultivars with different resource requirements and growth
patterns. Such association may improve resource use efficiency, reduce production risks,
and promote a more uniform distribution of forage yield over time [7,8].

Grasses belonging to the genera Urochloa spp. (syn. Brachiaria spp.) and Megathyrsus
maximus (syn. Panicum maximum) are widely used in tropical production systems due to
their adaptation to acidic soils and high forage yield [9,10]. Despite differences in growth
dynamics and canopy structure, their use in semi-arid regions of northeastern Brazil has
been associated with favourable productive and animal performance [11,12]. Similarly,
studies conducted in African environments have demonstrated the high agronomic per-
formance and forage production potential of Urochloa cultivars under tropical conditions,
reinforcing their relevance for forage-based systems in these regions [13].

Megathyrsus cultivars, such as Massai grass, are characterised by high tillering capacity,
resulting in swards with greater tiller density and a higher proportion of leaf blades within
the canopy [14,15]. In contrast, Urochloa cultivars, such as Marandu grass, are recognised
for their persistence and ability to maintain production under adverse conditions, and traits
associated with high productivity, efficient nutrient extraction, high water and nitrogen-use
efficiency, and adaptability to tropical and subtropical environments [16], promoting greater
carcass weight and leg yield [12]. Studies conducted in semi-arid regions indicate that
these cultivars, Massai and Marandu grasses, are associated with high animal performance,
including greater carcass weight and commercial cut yield [12], as well as high stocking
rate and production per unit area [11].

According to Fernandes et al. [17], although these grasses differ in their structural
characteristics, they are able to grow simultaneously, demonstrating phenotypic plasticity
that enables their adaptation to multispecies systems. In addition, the association of
functionally distinct groups may alter canopy structure and the vertical distribution of
morphological components, with direct implications for ingestive behaviour and forage
harvesting efficiency by grazing animals.

However, although there is evidence that multispecies systems may enhance forage
yield and system stability, information remains limited regarding how this association
affects canopy structure and, consequently, ingestive behaviour and animal performance.
Costa et al. [18], in a review on the use of grass mixtures and their effects on ruminant
production, reported that this strategy may increase animal productivity and improve
resource use efficiency. However, they also highlighted gaps concerning the effects of
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these associations on grazing dynamics and animal responses, particularly under trop-
ical conditions. Understanding animal responses in multispecies systems is essential
to assess the impact of this strategy on the productivity of pasture-based systems in
tropical environments.

Therefore, the hypothesis of this study was that the association between Megathyrsus
maximus cv. Massai (Massai grass) and Urochloa brizantha cv. Marandu (Marandu grass)
would modify canopy structure and ingestive behaviour, resulting in changes in animal
performance and system productivity relative to the respective monocultures.

The objective was to evaluate forage yield, chemical composition, canopy structure,
ingestive behaviour, and lamb performance in pastures of Megathyrsus maximus cv. Massai
monoculture, Urochloa brizantha cv. Marandu monoculture, and a multispecies pasture
composed of both grasses managed under intermittent stocking.

2. Materials and Methods
2.1. Ethics Statement

This study was conducted in accordance with the guidelines of the National Council
for the Control of Animal Experimentation (CONCEA). According to protocol no. 029/2023,
the experiment was approved and carried out in compliance with the regulations of the Animal
Ethics Committee (CEUA) of the Federal University of Rio Grande do Norte (UFRN).

2.2. Experimental Site

The experiment was conducted at the Agricultural Sciences Campus of the Federal
University of Rio Grande do Norte (GEFORP-UFRN), located in Macaiba, Rio Grande
do Norte, Brazil (5°53/33.29" S; 35°21'49.57" W; 47 m above sea level). According to the
Koppen classification, the regional climate is a transition between As’ (tropical savanna)
and BSh' (hot semi-arid). The experimental period extended from March 2023 to March
2024 (Figure 1).
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Figure 1. Monthly accumulated precipitation and minimum (T. min) and maximum (T. max) temper-
atures from March 2023 to March 2024 in the experimental area.

The soil in the experimental area was classified as Quartzipsamment, with a sandy
texture [19]. Before the establishment of the experimental area, soil samples were collected
from the 0-20 cm layer for chemical characterisation (Table 1).

The soil in the experimental area was conventionally prepared by ploughing and
harrowing in January 2022. Sowing of the monocultures and the multispecies system
(50% Massai grass and 50% Marandu grass) was carried out by broadcasting in March
of the same year, followed by light soil compaction to achieve a sowing depth of 2-3 cm.
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Seeding rates for each treatment were defined according to recommendations for each
cultivar, considering the cultural value of the seeds used. In the multispecies system,
a 50:50 proportion of Massai and Marandu grasses was adopted, corresponding to 50% of
the recommended seeding rate for each cultivar when grown in monoculture, i.e., each
species was sown at half of its recommended rate, based on an equitative sowing strategy
previously evaluated in earlier studies [8].

Table 1. Chemical characteristics of the soil in the experimental area at 0-20 cm depth.

o K BS Ca H + Al CEC Mg
pH (mg dm—3) (%) (cmolc dm—?)
5.37 41.00 29 0.53 2.40 4.00 0.48

P and K were extracted using Mehlich-1 solution; BS: base saturation (%); CEC: cation exchange capacity (CEC =S
+ H + Al); Ca and Mg were extracted using Mehlich-3 solution.

At sowing, basal fertilisation was applied using 40 kg ha~—! of P,Os (single superphos-
phate), incorporated into the soil. Topdressing fertilisation consisted of 100 kg ha~! of N
(urea), split into two applications: the first applied 50 days after sowing and the second
after the first grazing event.

2.3. Experimental Design

A completely randomised design was used. The treatments corresponded to the
three production systems: a multispecies pasture composed of Megathyrsus maximus cv.
Massai and Urochloa brizantha cv. Marandu, Massai grass monoculture, and Marandu grass
monoculture. Each experimental unit measured 0.36 ha and was subdivided into three
0.12-ha paddocks, grazed under intermittent stocking. The total experimental area was
1.08 ha. Pastures were managed under intermittent stocking, with grazing initiated when
the canopy reached the pre-grazing target of 40 cm and terminated when it reached the
post-grazing target of 20 cm.

A total of 24 intact male Santa Inés lambs, with an initial body weight (BW) of
21.59 £ 0.12 kg and an average age of 84 & 5 days, were allocated evenly across treatments
based on body weight. Each experimental unit included eight test animals, and stocking
rate was adjusted using put-and-take animals. Animals were individually identified using
ear tags and collars for experimental monitoring.

Lambs grazed during the daytime (07:00 to 15:00 h) with ad libitum access to water
and were housed in collective pens during the night (15:00 to 07:00 h), where they received
concentrate supplementation equivalent to 1% of body weight. Concentrate intake was
not measured individually, and refusals, when present, were collected. The amount of
concentrate offered was adjusted after each weighing based on the animals’ body weight.
The concentrate consisted of 65% maize, 25% soybean meal, 8% mineral salt, 1% common
salt, 0.9% urea, and 0.1% ammonium sulphate.

2.4. Measurements

The occupation period (OP, days) was defined as the number of days required for
animals to reduce canopy height from the pre-grazing target (40 cm) to the post-grazing
target (20 cm). The rest period (RP, days) corresponded to the time required for canopy
height to regrow from 20 to 40 cm, at which point animals re-entered the paddock.

Canopy height (CH, cm) was measured every four days to monitor pre-grazing
(40 cm) and post-grazing (20 cm) targets, using a graduated ruler. A total of 40 random
points per paddock were measured, and each reading corresponded to the average canopy
height around the ruler.
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Leaf area index (LAI) and light interception (LI, %) were measured using a canopy
analyser (Ceptometer model Accupar LP-80® of METER group, Pullman, WA, USA) under
both pre- and post-grazing conditions. Measurements were taken at 10 points per paddock.
At each point, one reading was taken above the canopy and another at ground level to
estimate LAl and LL

Forage mass (FM, kg ha™!) at pre- and post-grazing was estimated by harvesting
forage at ground level using a 1 m? quadrat at three representative points per paddock.
Samples were individually weighed to determine fresh weight and subsequently separated
into leaf blade, stem, and dead material fractions. These fractions were dried in a forced-air
oven at 55 °C for 72 h to determine dry weight. Based on these data, leaf blade mass
(LBM, kg ha~1), stem mass (SM, kg ha~!), and dead material mass (DMM, kg ha~1) were
estimated, as well as the leaf:stem ratio (LSR).

After drying, leaf blade and stem samples were ground in a Wiley mill for analysis
of dry matter (DM; method 930.15), ash (method 942.05), and crude protein (CP; method
976.05), according to AOAC [20]. Neutral detergent fibre (NDF) and acid detergent fibre
(ADF) were determined following the methodology described by Detmann et al. [21].
In vitro dry matter digestibility (IVDMD) was determined according to Tilley and Terry [22],
adapted for the Ankom Daisyll system (Ankom Technology Corp., Macedon, NY, USA).

Animals were weighed every seven days using an analogue scale to determine body
weight (kg). Average daily gain (ADG, g animal ! day~!) was calculated from the change
in body weight between consecutive weighings, adjusted for the number of days between
measurements. Stocking rate (AU ha~!) was calculated based on the average body weight
of test animals and put-and-take animals within each treatment, expressed as animal
units (AU), considering 1 AU equivalent to 30 kg of live weight. Each treatment included
eight test animals, which remained constant throughout the experimental period. Stocking
rate was adjusted weekly according to forage availability by adding or removing put-and-
take animals, ensuring a minimum of eight animals per paddock. Gain per area (GPA,
g ha~!) was obtained by multiplying the ADG of the test animals by the number of animals
maintained per hectare in each grazing cycle for each treatment.

Ingestive behaviour was evaluated through continuous observations over 24 h for
three consecutive days, totalling 72 h of assessment, with records taken every 10 min. Each
trained observer monitored four animals. Lambs were identified using coloured collars
to facilitate individual monitoring. The behavioural activities recorded were grazing time
(GT), rumination time (RT), and idle time (IT), expressed in minutes per day [23]. Bite rate
(BR) was determined as the time required to perform 20 bites and subsequently converted
to bites per minute, following the methodology described by Forbes and Hodgson [24].

2.5. Statistical Analysis

For each variable analysed, residual plots were examined to assess independence,
normality, and homogeneity of variance. When these assumptions were met, data were
subjected to analysis of variance (ANOVA), considering the production systems (multi-
species pasture of Massai and Marandu grasses, Massai grass monoculture, and Marandu
grass monoculture) as a fixed effect. When treatment effects were detected, means were
compared using Tukey’s test at a 5% probability level, using the Statistical Analysis System
(SAS® OnDemand for Academics; SAS Institute Inc., Cary, NC, USA).

The statistical model adopted was:

Yik = u+Sj + e,
where Yjj is the observed value of the response variable under the i-th production system

and k-th experimental unit; p is the overall mean; S; is the fixed effect of the i-th production
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system and ejj is the random error associated with the observations, assumed to be
normally distributed with mean zero and constant variance (ejjx ~ N(0, 02)).

3. Results
Massai grass monoculture showed the highest values for occupation period (OP;

p < 0.0001) and rest period (RP; p < 0.0001), as well as for leaf area index (LAIL p = 0.0005)
and light interception (LL p = 0.0010), compared with the other production systems (Table 2).

Table 2. Grazing dynamics (occupation and rest periods) and canopy characteristics (leaf area index
and light interception) of Massai and Marandu grass pastures under monoculture and multispecies
systems managed under intermittent stocking during one year of evaluation.

Production Systems

Variable - - - SEM p-Value
Multispecies Massai Marandu

Occupation period (days) 14.81b 18.16 a 11.36 ¢ 0.81 <0.0001

Rest period (days) 28.21b 36.08 a 23.81c 1.19 <0.0001

Leaf area index 1.96 b 3.13a 201b 0.21 0.0005

Light interception (%) 69.34b 80.90 a 68.94b 2.32 0.0010
SEM: standard error of the mean. Means followed by different letters differ according to Tukey’s test at the
5% probability level.

At pre-grazing, Massai grass monoculture showed lower forage mass (FM; p = 0.0005),
higher leaf blade mass (LBM; p = 0.0001), lower stem mass (SM; p < 0.0001), lower dead
material mass (DMM,; p < 0.0001), and a higher leaf:stem ratio (LSR; p < 0.0001) compared
with the other production systems (Table 3).

Table 3. Productive and structural canopy characteristics of Massai and Marandu grass pastures
under monoculture and multispecies systems managed under intermittent stocking at pre- and
post-grazing during one year of evaluation.

Production Systems
Variable - - : SEM p-Value
Multispecies Massai Marandu

Pre-grazing

Forage mass (kg ha™!) 42432 a 3290.8 b 42214 a 193.04 0.0005
Leaf blade mass (kg ha™1) 13719b 1964.3 a 1238.2b 108.30 0.0001
Stem mass (kg ha=1) 1310.3 a 561.7 b 1400.5 a 73.81 <0.0001
Dead material mass (kg ha™!) 1561.1 a 709.7 b 1535.0 a 98.06 <0.0001
Leaf:stem ratio 1.05b 349 a 0.89b 0.12 <0.0001
Post-grazing
Forage mass (kg ha™1) 2950 2531.1 2784.2 150.8 0.1338
Leaf blade mass (kg ha=1) 712.5b 9244 a 295.8 ¢ 53.35 <0.0001
Stem mass (kg ha=1) 1055.0 a 657.8 b 1056.8 a 65.06 <0.0001
Dead material mass (kg ha=') 1182.5 ab 9489 b 1431.6 a 134.17 0.0306
Leaf:stem ratio 0.68 b 1.41a 0.27 ¢ 0.06 <0.0001
SEM: standard error of the mean. Means followed by different letters differ according to Tukey’s test at the
5% probability level.

At post-grazing, no effect of production systems was observed (p = 0.1338) on forage
mass (FM) (Table 3). Massai grass showed higher leaf blade mass (LBM; p < 0.0001) and
leaf:stem ratio (LSR; p < 0.0001), and lower stem mass (SM; p < 0.0001) compared with the
other systems. Dead material mass (DMM) was greater (p = 0.0306) in Marandu grass pastures
than in Massai grass, with intermediate values observed in the multispecies system.
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Production systems did not affect (p > 0.05) leaf blade dry matter (DM), ash, or crude
protein (CP) contents (Table 4), with mean values of 33.18, 7.39, and 9.77%, respectively.
Massai grass leaf blades showed higher neutral detergent fibre (NDF; p = 0.0014) and
acid detergent fibre (ADF; p < 0.0001) contents. Dry matter digestibility was higher in the
Marandu grass monoculture (p = 0.0036).

Table 4. Chemical composition and digestibility of leaf blade and stem of Massai and Marandu grass
pastures under monoculture and multispecies systems managed under intermittent stocking during
one year of evaluation.

Production Systems

Variable (% DM) SEM p-Value
Multispecies Massai Marandu
Leaf blade
Dry matter 34.24 34.86 30.43 1.62 0.1283
Ash 7.70 7.00 7.46 0.21 0.09
Crude protein 9.42 8.66 11.23 0.83 0.0977
Neutral detergent fibre 65.29b 70.99 a 62.64b 1.50 0.0014
Acid detergent fibre 33.39b 38.69 a 30.05 ¢ 0.89 <0.0001
In vitro DM digestibility 68.92b 67.72b 73.61a 1.22 0.0036
Stem
Dry matter 27.41 28.79 28.40 1.25 0.7176
Ash 7.27 a 591b 5.52b 0.24 <0.0001
Crude protein 5.76 5.79 5.61 0.59 0.9732
Neutral detergent fibre 76.92 76.91 74.15 1.02 0.0869
Acid detergent fibre 46.95 a 44.01b 43.81Db 0.66 0.0026
In vitro DM digestibility 58.43 57.99 59.22 1.07 0.706
DM: dry matter; SEM: standard error of the mean. Means followed by different letters within a row differ
according to Tukey’s test at the 5% probability level.

For the stem fraction, no effect of production systems (p > 0.05) was observed on dry
matter (DM; 28.20%), crude protein (CP; 5.72%), neutral detergent fibre (NDF; 75.99%), or
in vitro dry matter digestibility IVDMD; 58.55%) (Table 4). The multispecies system showed
higher ash (p < 0.0001) and acid detergent fibre (ADEF; p = 0.0026) contents in the stem fraction.

Rumination time was greater in the multispecies system (p = 0.0225), with no differences
between monocultures (Table 5). Animals grazing Massai grass showed higher grazing time
(p < 0.0001) and bite rate (p < 0.0001) compared to the other production systems. No effect of
production systems was observed on idle time (p = 0.0631), with a mean of 9.89 h day .
Table 5. Ingestive behaviour and performance of lambs grazing Massai and Marandu grass pastures
under monoculture and multispecies systems managed under intermittent stocking during one year
of evaluation.

Production Systems
Variable SEM p-Value
Multispecies Massai Marandu

Rumination time (h day’l) 7.60 a 6.94 b 6.96 b 0.18 0.0225
Idle time (h day ') 9.52 9.85 10.30 0.22 0.0631
Grazing time (h day!) 6.41b 6.83a 6.36 b 0.06 <0.0001
Bite rate (bites min—') 28.64 b 39.06 a 23.63 ¢ 0.99 <0.0001
Stocking rate (AU ha™1) 12.70 a 11.10 ab 9.22b 0.87 0.0092
Gain per area (g ha™!) 1565.01 1148.08 1088.23 195.30 0.1386
Average daily gain (kg day’l) 0.11 ab 0.10Db 0.12a 0.006 0.0276

SEM: standard error of the mean. AU = animal unit (30 kg live weight). Means followed by different letters within
a row differ according to Tukey’s test at the 5% probability level.
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Regarding animal performance and production, production systems affected stocking
rate and average daily gain, but not gain per area (Table 5). Stocking rate was higher
in the multispecies system compared to Marandu grass monoculture (p = 0.0092), with
intermediate values observed for Massai grass. ADG was higher in animals grazing
Marandu grass monoculture compared to those grazing Massai grass (p = 0.0276), with
intermediate values in the multispecies system. No effect of production systems was
observed on gain per area (p = 0.1386), with a mean of 1267.11 g ha~ 1.

4. Discussion

Production systems influenced grazing dynamics, canopy structure, ingestive be-
haviour, and animal performance. Under the same defoliation level (50%), Marandu grass
monoculture showed shorter occupation and rest periods, indicating that the canopy was
reduced more rapidly and recovered the pre-grazing height sooner, which favours a higher
number of grazing cycles over time. In contrast, Massai grass required a longer period to
reach the pre-grazing height and a longer time for canopy reduction by the animals, even
with a higher proportion of leaf blades in the canopy. The multispecies system showed
an intermediate response, resulting from the combination of characteristics of both grasses,
indicating that the association between Massai and Marandu grasses allowed both species
to coexist during the experimental period.

These results are consistent with the principle that combining grasses with different
requirements and growth strategies can promote structural adjustment of the canopy [25].
The association between grasses may alter competition for light within the canopy, with
species, particularly Massai grass, adjusting traits such as leaf angle, leaf elongation rate,
number of leaves per tiller, and leaf area index to coexist with other species [26]. In addition,
Medeiros-Neto et al. [27] reported that the inclusion of species with greater tolerance to
water stress in multispecies systems improves the distribution of forage yield over time,
which may contributing to production stability and sustainability of the forage system,
even without maximising productivity at specific periods. Therefore, the results indicate
that the multispecies system promotes an intermediate canopy functioning, highlighting
the phenotypic plasticity of grasses and their capacity to integrate complementary traits.

In this context, the results indicate that the multispecies system composed of Massai
and Marandu grasses promoted an intermediate canopy functioning, in which dynamic
characteristics, such as occupation and rest periods, and structural attributes, such as
forage mass and leaf blade proportion, showed intermediate responses compared with
monocultures (Tables 2 and 3).

This suggests that both Massai and Marandu grasses exhibit phenotypic plasticity
that enables their use in multispecies systems, allowing flexibility and the integration
of beneficial traits from both species. In addition, the greater structural heterogeneity
observed in multispecies systems may favour more balanced defoliation patterns greater
flexibility in forage selection, as more heterogeneous swards allow greater selectivity and
more efficient forage utilisation by animals over time, contributing to the sustainability of
grazing systems [28].

Although the multispecies system and Marandu grass monoculture showed higher
forage mass (Table 3), this increase was associated with greater accumulation of stem and
dead material; whereas, Massai grass showed higher leaf blade mass and a greater leaf:stem
ratio. This result indicates that greater forage mass does not necessarily correspond to
improved canopy structural quality. These differences are related to the morphological char-
acteristics of the cultivars, as Marandu grass is associated with greater stem development
and a higher contribution of structural components to the canopy [29]; whereas, Massai
grass is characterised by greater leaf production and lower stem contribution, resulting in
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a high leaf:stem ratio [10]. This interpretation is supported by the botanical composition of
the multispecies canopy at pre-grazing.

Marandu grass was the main contributor to total FM, accounting for 55.2% (2341.3 kg ha 1)
of the 4243.2 kg ha~! recorded in the multispecies system; whereas, Massai grass con-
tributed 44.8% (1901.9 kg ha~!). However, the contribution to LBM was slightly greater for
Massai grass, which represented 52.6% (722.1 kg ha~!) of the total 1371.9 kg ha~!, while
Marandu grass accounted for 47.4% (649.8 kg ha~!). In contrast, Marandu grass contributed
more markedly to SM, representing 65.5% (857.8 kg ha~!) of the total 1310.3 kg ha~!,
compared with 34.5% (452.5 kg ha™!) for Massai grass. For DMM, Marandu grass also
showed a greater contribution, accounting for 53.3% (831.4 kg ha~!) of the total 1561.1 kg ha—!;
whereas, Massai grass contributed 46.7% (729.7 kg ha~!). Therefore, the greater FM ob-
served in the multispecies system was mainly supported by the contribution of Marandu
grass to stem and dead material, while Massai grass contributed proportionally more to
the leaf component.

This pattern remained after grazing, with Massai grass maintaining higher leaf blade
mass and leaf:stem ratio, while Marandu grass showed reduced values, characterising
a structurally more limited residual canopy. However, the ability of Megathyrsus maximus to
perform under semi-arid conditions has also been demonstrated in African environments,
where its productivity and water use efficiency are strongly influenced by management
strategies, indicating its potential suitability for integration into forage systems under
water-limited conditions [4]. Furthermore, the use of grass mixtures has been reported
as a viable strategy to improve forage availability and grazing potential in degraded or
low-fertility environments, supporting the adoption of multispecies systems as a means to
enhance forage production and system resilience [30].

The magnitude of removal of morphological components highlighted differences in
pasture utilisation among systems. In Marandu grass monoculture, the 76.11% reduction in
leaf blade mass resulted in a marked decline in the leaf:stem ratio at post-grazing, indicating
intensive utilisation of the leaf stratum. This pattern may indicate lower opportunities
for leaf selection towards the end of the occupation period and greater reliance on less
digestible plant components.

According to Tontini et al. [31], the leaf:stem ratio (LSR) is one of the main structural
variables influencing grazing time in tropical pastures, with values below 0.37 associated
with increased grazing time, which may rise by up to 28% compared with swards with
a higher leaf proportion. In addition, greater biomass removal may be associated with
increased nutrient export from the system, requiring more intensive nutrient replacement
strategies to maintain soil fertility [32].

In the multispecies system, the reduction in leaf blade mass was more moderate
(48.06%), with lower stem utilisation (19.48%), indicating a more balanced pattern of
canopy utilisation. In Massai grass, although leaf reduction reached 52.94%, greater mainte-
nance of residual structure was observed, with a higher proportion of leaves at post-grazing.
This pattern suggests that structural diversity in the multispecies system resulted in
a more heterogeneous vertical canopy organisation, allowing greater flexibility in forage
harvesting by animals.

Although canopy structure plays a central role in animal response, forage chemical
composition also influences utilisation efficiency. In the present study, Massai grass showed
higher neutral detergent fibre (NDF; 70.99%) and acid detergent fibre (ADF; 38.69%) con-
tents in the leaf blade, along with lower digestibility (67.72%); whereas, Marandu grass
showed lower fibre content and higher digestibility (73.61%). A higher proportion of leaves
did not ensure greater nutritional value, indicating that forage quality is a key determinant
of utilisation efficiency by animals. In addition, anatomical characteristics of Massai grass,
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such as a greater presence of Girder I-type structures, may increase leaf blade resistance
to fragmentation and digestion [33,34], contributing to lower utilisation efficiency despite
greater leaf availability.

Responses in ingestive behaviour reflect the interaction between canopy structure
and forage chemical composition. Traditionally, rumination time is associated with ADF
content [35]. However, in multispecies systems, differences in leaf structure must also be
considered, as they influence rumination dynamics and particle size reduction. As ADF
content increases, the number of chews per bolus also increases, intensifying the mechanical
processing required for swallowing.

In the multispecies system, the longer rumination time cannot be explained solely
by chemical composition or by stem and dead material content, as these variables were
intermediate. This response may be associated with greater structural heterogeneity of the
canopy, resulting from the combination of species with distinct architectures, which may
increase variability in ingested particle size and the demand for ruminal processing.

In Massai grass monoculture, the longer grazing time and higher bite rate indicate
greater effort for forage acquisition, possibly reflecting a compensatory strategy in response
to lower diet quality. In contrast, in Marandu grass monoculture, higher digestibility and
greater forage availability favoured shorter grazing time and lower bite rate. Although
dry matter intake and bite mass were not measured, the combination of higher forage
digestibility, greater forage availability, shorter grazing time, and lower bite rate may
suggest greater intake efficiency in this system.

These differences were directly reflected in animal performance. The higher average
daily gain observed in Marandu grass monoculture is associated with better forage quality
and greater intake efficiency. Despite a higher proportion of leaves, Massai grass showed
lower individual performance, indicating that canopy structure alone does not determine
animal performance. The multispecies system supported a higher stocking rate without
increasing individual gain, resulting in similar gain per area across systems. This indicates
that the multispecies system does not maximise individual performance but contributes to
overall system efficiency.

Sousa et al. [8] reported that multispecies systems composed of tropical grasses may
not surpass monocultures in terms of peak productivity but can promote greater production
stability, particularly in environments with climatic variability. Garcia-Carvalho et al. [36]
observed that such systems allow species coexistence with relatively stable botanical com-
position, as well as forage yield and stability comparable to those observed in monocultures
throughout the year.

This study was limited by the number of experimental units at the area level, which
should be considered when interpreting and extrapolating the results. Nevertheless, by
evaluating an association between tropical grasses under sheep grazing, the study ex-
pands applied knowledge on coexistence, functional complementarity, and plant-animal
interactions in multispecies pastures.

These findings are relevant to the ecology of pastoral systems because they help clarify
how species with distinct structural traits may share canopy space and influence forage use
by grazing animals. Future studies with a greater number of experimental units, longer
evaluation periods, and contrasting environmental conditions may further elucidate the
ecological mechanisms related to competition, persistence, and the functioning of these
systems. Thus, the study contributes to Ecology and Applied Agricultural Sciences by
providing experimental evidence that may guide future research and pasture diversification
strategies in tropical environments.
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5. Conclusions

Massai and Marandu cultivars can be used in multispecies systems under intermittent
stocking, demonstrating phenotypic plasticity and the ability to coexist without compro-
mising the productive characteristics of the grasses. The multispecies system maintains
animal productivity comparable to monoculture systems, representing a viable alternative
for pasture-based animal production. The adoption of multispecies grass systems may
contribute to greater production stability and system reliability, representing a promising
strategy for the sustainability of livestock systems in tropical environments.
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Abbreviations

The following abbreviations are used in this manuscript:

ADF Acid Detergent Fibre
ADG Average Daily Gain
AU Animal Unit

BR Bite rate

CH Canopy height

cp Crude protein

DM Dry matter

DMM Dead material mass
M Forage mass

GPA Gain per area

GT Grazing Time

1T Idle time

IVDMD In vitro dry matter digestibility
LAI Leaf area index
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LBM Leaf blade mass

LI Light interception

LSR Leaf:stem ratio

NDF Neutral Detergent Fibre
RT Rumination Time

SM Stem mass

SR Stocking rate
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