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Abstract

Mixed legume—grass pastures may enhance nitrogen recycling via litter and excreta com-
pared to unfertilized grass monocultures. This study evaluated litter biomass, litter dep-
osition rate, and the chemical and isotopic composition of Urochloa decumbens litter in
monoculture and mixed pasture intercropped with Arachis pintoi cv. Belmonte at five
planting spacings (0.40, 0.50, 0.60, 0.70, and 0.80 m) in a Ferralsol. Additionally, isotopic
analysis of sheep feces under grazing was conducted across the dry season. The experi-
ment was conducted according to a split-plot scheme, with spacings in the plots and the
periods or years in the subplots, in a randomized block design, with four replications.
Litter biomass was not significantly influenced by planting spacing; however, the litter
deposition rate was substantially greater in mixed pastures, reaching up to 77.2 kg ha™
day in the second year. Isotopic analysis revealed that up to 39% of the litter carbon was
derived from C3 plants (Arachis pintoi), while nitrogen concentration ranged from 8.3 g
kg in monoculture to 12.9 g kg™ at 0.40 m spacing. Spatial arrangement was critical for
optimizing nutrients dynamic. Narrower planting spacings (0.40-0.50 m) increased the
proportion of Arachis pintoi and enhanced litter deposition rates, improving nitrogen in-
puts and cycling within mixed Urochloa decumbens.

Keywords: Arachis pintoi; carbon/nitrogen ratio; isotopic analysis; lignin/ADIN; litter bio-
mass; nitrogen

1. Introduction

The adoption of mixed pastures that include leguminous species is a valuable strat-
egy under the current global scenario of nitrogen (N) fertilizer shortage [1,2]. Addition-
ally, this practice enhances organic matter deposition throughout the soil profile, integrat-
ing the well-recognized contribution of legumes and species diversity in mitigating the
environmental impacts caused by monocultural systems [3].
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Leguminous species, through biological nitrogen fixation, can reduce dependence on
synthetic N fertilizers, decreasing production costs and mitigating greenhouse gas emis-
sions linked to their manufacture and application [4].

N cycling in pastures can occur through various pathways, including N fertilization,
livestock excreta, and litter deposition on the soil surface. Nitrogen fertilization is associ-
ated with increased nutrient losses via leaching and volatilization, predominantly as ni-
trous oxide (N20) [5,6]. Similarly, animal excreta contribute substantially to nitrogen
losses and exhibit a highly heterogeneous spatial distribution across pastures [7].

Conversely, the deposition of plant litter facilitates a more homogeneous redistribu-
tion of nitrogen within the system, providing a sustained, though modest, annual input
of this essential nutrient [8]. Nevertheless, grass monocultures established under low fer-
tilization regimes are characterized by the production of low-quality litter with inherently
slow decomposition rates [9,10].

In diversified systems, the presence of leguminous litter fosters more efficient nutri-
ent cycling and a more homogeneous distribution of nutrients across the pasture ecosys-
tem [11]. This improvement is primarily due to higher nitrogen concentrations, lower C/N
ratios, and greater decomposability of legume-derived litter [12].

Given these limitations in monoculture systems, several studies have emphasized the
critical role of forage legumes in enhancing litter quality and, consequently, in improving
soil health [13-16]. Legume-derived inputs are known to stimulate microbial activity, in-
crease nutrient turnover, and support soil organic matter accumulation [17].

While there are recognized benefits to increasing the incorporation of legumes in
tropical pasture systems, the impact of row spacing in clonal legumes on improving litter
quality and deposition remains poorly understood, particularly when compared to the
effects of this practice in grass monocultures [18]. Although forage peanut is generally
established in rows spaced 0.50 m apart, there is a lack of studies evaluating how varia-
tions in row spacing—capable of influencing legume growth, interspecific competition,
canopy structure, and soil cover—affect litter deposition and associated factors such as
microclimatic conditions, residue distribution, and microbial habitat availability [19,20].

Consequently, this study was designed to compare the existent and deposited litter,
litter deposition rates, and the chemical and isotopic characterization of litter in signal
grass monoculture and mixed pastures with forage peanut (Arachis pintoi) across different
row spacings (0.40, 0.50, 0.60, 0.70, and 0.80 m) during both the dry and rainy seasons over
a two-year period.

Additionally, the isotopic characterization of sheep feces under grazing during the
dry season of the second year was assessed to infer dietary intake patterns and the indirect
contribution of legumes to nutrient cycling. Isotopic techniques offer a powerful approach
to tracing nutrient pathways and assessing plant-animal-soil interactions under field con-
ditions [21,22].

We hypothesize that the adoption of mixed pastures enhances the litter deposition
rate and improves its chemical composition relative to grass monoculture and that nar-
rower row spacings increase the existent and deposited litter.

2. Materials and Methods
2.1. Site Description

This study was conducted at the Teaching, Research, and Extension Unit in Forages
of the Department of Animal Science at the Universidade Federal de Vigosa (UFV) in
Vigosa, MG, Brazil. It was carried out in both signal grass (Urochloa decumbens Stapf. R.D.
Webster) monoculture and signal grass—forage peanut (Arachis pintoi Krapov. and WC
Greg. cv. Belmonte) mixed pastures, both established in December 2013. The pastures
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were well established and had a good cover, and weeds were manually removed to avoid
interference. Meteorological data for the experimental period are presented in Figure 1.
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Figure 1. Weather data recorded during the experimental period at the Department of Agricultural
Engineering, Federal University of Vicosa (UFV). Data obtained from the Main Climatic Station of
Vigosa. Source: Weather reports for the years 2015, 2016, and 2017. Cumulative precipitation: 673.8
mm in 2015, 1371.7 mm in 2016, and 242.9 mm in early 2017.

The soil in the experimental area is classified as Ferralsol (WRB/FAO). Prior to and
during the study, liming and maintenance fertilization were conducted per block, follow-
ing the recommendations of [23]. In January 2015, based on the results of a soil analysis
(Table 1), 100 kg ha™ of potassium (K) was applied to all blocks. Subsequently, an addi-
tional 60 kg ha™' of phosphorus (P) was applied to block 2, while no phosphate fertilization
was applied to the other blocks (1, 3, and 4). In 2016, 40 kg ha™ of P and 160 kg ha™ of
limestone were applied exclusively to block 2. In 2017, 175 kg ha of limestone was ap-
plied to block 2, and 40 kg ha* of P was applied to blocks 2 and 4.

Table 1. Soil chemical properties of the experimental Ferralsol in January 2015 prior to the applica-
tion of liming and maintenance fertilization.
Block pH P K Ca* Mg Al SB T )\ m P-rem
oc
H:0 mg-dm-3 cmolc-dm-? % mg-L-!
1 5.5 18.2 35 2.2 0.6 0 2.9 7.0 41 0 12.6
2 4.4 5.4 24 1.2 0.5 0.4 2.2 7.9 22 19 11
3 5.4 62.4 34 2.9 1 0.1 41 8.4 47 2 19.4
4 5.5 62.4 23 2.4 0.7 0 3.2 7.3 43 0 13.3

pH in water, KCI and CaCl2 ratio: 1:2.5; P: phosphorous and K: potassium (determined by the
Mehlich 1 extractor); Ca: calcium, Mg: magnesium, and Al: aluminum (determined by KCl extractor
1 mol L-1); SB: sum of exchangeable bases; T: cation exchange capacity at pH 7.0; V: base saturation

index; m: aluminum saturation index; P-rem: remaining phosphorus.

Signal grass pastures were established in monoculture and mixed with forage peanut
under various row spacing conditions. Half of the fertilizer was applied to the bottom of
the forage peanut planting furrows, with the other half being applied between the furrow
rows during the grass sowing, which took place two months after the legume planting.
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Forage peanut (Arachis pintoi Krapov. and WC Greg. Cv. Belmonte) was planted at
spacings of 0.40, 0.50, 0.60, 0.70, and 0.80 m, with the average stolon weight used for plant-
ing being 7.5 g. Signal grass (Urochloa decumbens Stapf. A. Rich. Cv. Basilisk) was sown at
a rate of 3.0 kg ha~! of pure viable seeds between planting rows.

Grazing was conducted by crossbred sheep (Santa Inés x Dorper) with an average
body weight of 50 + 5 kg using the “mob-stocking” technique [24]. Sheep were placed in
paddocks when the average pasture height was 20 cm (pre-grazing). Approximately eight
sheep were placed per paddock, grazing until the grass was reduced to an average resid-
ual height of 10 cm (post-grazing) after a few hours. Water was provided ad libitum in
troughs within each paddock. The procedures for the use and handling of animals in this
study were previously approved by the Animal Experimentation Ethics Committee on
Studies with Production Animals at Federal University of Vigosa/UFV (protocol
032/2015). All methods were carried out in accordance with relevant guidelines and reg-
ulations.

2.2. Treatments

The experiment was conducted according to a split-plot scheme, with spacings in the
plots (monoculture, 0.40, 0.50, 0.60, 0.70, and 0.80 m) and the periods (dry and rainy) or
years (first and second) in the subplots, in a randomized block design, with four replica-
tions, totalizing 24 experimental units (paddocks), each with an area of 72 m? (6 x 12 m).
This study was conducted across both dry and rainy seasons over two years.

Existing litter consisted of material deposited on the soil following the natural senes-
cence and death of plant parts, while deposited litter consisted of material added to the
soil during grazing. Litter was assessed over a period of 688 days from 8 May 2015 to 25
March 2017. Grazing cycles were collected during the first dry period (dry/year 1): May
2015 to October 2015 (four grazing cycles); the first rainy season (rainy/year 1): November
2015 to April 2016 (four grazing cycles); the second dry period (dry/year 2): May 2016 to
October 2016 (one grazing cycle); and the second rainy season (rainy/year 2): November
2016 to March 2017 (four grazing cycles).

2.3. Existing and Deposited Litter and Litter Deposition Rate

The existing litter (EL) in the pasture was collected before grazing and the deposited
litter (DL) was collected in the same local after grazing using metal frames of 0.25 m2. Four
litter samples were manually collected per paddock in each grazing cycle. The litter sam-
ples were weighed and placed in a forced-air oven at 55 °C for 72 h. After drying, they
were weighed again until a constant mass was achieved. At each pre-grazing period, EL
was collected at a newly demarcated location within each experimental unit. This proce-
dure was followed consistently throughout the experimental period. The values were ex-
pressed in dry matter (DM) and converted to organic matter (OM) to prevent soil contam-
ination interference. The litter deposition rate (LDR) was estimated using the method out-
lined by [25].

The deposition rate is determined by the litter present in the soil, less its decomposi-
tion over a given period, and is calculated as follows: Td =[L2 - L1 + (KxL1xAt)]/At, where
Td = daily deposition rate (g m? d'); L2 = deposited litter (g m=); L1 = existing litter, pre-
viously present (g m™2); K=relative decomposition rate (g g d!); and At=number of days
corresponding to the resting period of each grazing cycle, which ranged from x to y days.
The K value (0.00329 g g™ d') was considered the mean value obtained for the signal grass
and forage peanut litter mixture in a previous study [26].
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2.4. Sheep Feces Samples

During the last grazing cycle from 8 to 13 May 2017 (dry season), a specific manage-
ment protocol was implemented for the collection of sheep feces in the 24 paddocks. Two
crossbred sheep (Santa Inés x Dorper), with an average body weight of 50 + 5 kg, were
placed in each paddock and allowed to graze for six days, with water provided ad libitum.
At the end of the grazing period, feces samples were collected directly from the animals’
rectums to prevent contamination. The samples were placed in labeled plastic bags and
dried in a forced-air oven at 55 °C until constant weight was achieved. The procedures for
the use and handling of animals in this study were previously approved by the Animal
Experimentation Ethics Committee on Studies with Production Animals at Federal Uni-
versity of Vigosa/UFV (protocol 032/2015). All methods were carried out in accordance
with relevant guidelines and regulations.

2.5. Chemical Composition of Litter and Isotopic Characterization of Litter and Feces

Chemical analyses of existing litter (EL) samples collected during the grazing cycles
of January 2016 (year 1) and February 2017 (year 2) were conducted at the Forage Labor-
atory of the Animal Science Department, Federal University of Vigosa (UFV), Brazil. Sam-
ples were pre-dried at 55 °C for 72 h, ground in a Wiley knife mill (Tecnal, R-TE-650/1,
Piracicaba, SP, Brazil) with a 1 mm screen, and stored in plastic containers for subsequent
analyses. Determinations included dry matter (DM), organic matter (OM), acid detergent
fiber (ADF), and lignin, following methods 930.15, 942.05, and 973.18 of [27]. Acid deter-
gent insoluble nitrogen (ADIN) was estimated by quantifying the N retained in the ADF
solution, as described by [28]. Neutral detergent fiber corrected for ash and residual pro-
tein (NDFap) was determined following [29], with samples treated with heat-stable -
amylase and corrected for ash content, omitting sodium sulfite.

The concentrations of nitrogen (N), carbon (C), and stable d13C were determined in
both litter and feces samples at the Forage Laboratory of the North Florida Research and
Education Center (NFREC), University of Florida, Marianna, USA. Prior to isotope anal-
ysis, all samples were finely ground in a ball mill (Mixer Mill MM400, Retsch, Newton,
PA, USA) at 25 Hz for 9 min to obtain particle sizes smaller than 100 pm, following the
protocol by [30]. Total C and N contents were measured using a CHNS elemental analyzer
(Vario Micro Cube; Elementar, Hanau, Germany) based on the Dumas dry combustion
method. The d13C and 015N values were assessed using an isotope ratio mass spectrom-
eter (IRMS) (IsoPrime 100, Manchester, UK) coupled to the analyzer.

2.6. Statistical Analysis

The experiment was analyzed according to a split-plot scheme, with spacings in the
plots (0 (no spacing) 0.40, 0.50, 0.60, 0.70, and 0.80 m) and the periods (dry and rainy) or
years (first and second) in the subplots, in a randomized block design, with four replica-
tions. Fixed effects included spacing, season and year, and their interactions, while block
was considered a random effect. Data were subjected to analysis of variance (ANOVA),
and treatment means were compared using the F and Tukey’s test at the 5% probability
level, using the SAEG 9.1 [31].

All response variables for the nitrogen, carbon, d"*C, C/N ratio, and the %C3-C in
both litter and feces were analyzed using repeated-measures mixed model procedures as
implemented in SAS PROC MIXED (SAS/STAT 15.1, SAS Institute Inc., Cary, NC, USA).
Treatment, period, year, and all their interactions were considered fixed effects. Block and
block x treatment were considered random effects. This experiment had a repeated nature
because evaluations were repeated on the same experimental unit over sampling periods
during a 2 year period. Repeated measures over time were modeled using a compound
symmetry (CS) covariance structure, selected based on the lowest Akaike Information
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Criterion (AIC). Treatment means were compared using the LSMEANS procedure. Resid-
ual diagnostics included visual inspection of residuals versus predicted values and as-
sessment of normality using Q-Q plots and the Shapiro-Wilk test to ensure the assump-
tions of homoscedasticity and normal distribution were met. The rate constant k in the
equation y (%remaining biomass) = 83.25564 x e 00039t [26] was used to determine the
litter deposition rate for each experimental unit.

3. Results
3.1. Biomass of Existing and Deposited Litter and Litter Deposition Rate

No significant effect of treatments was observed on the biomass of deposited litter
(DL), which averaged 961 kg ha'. However, there was a significant interaction between
season and year (p = 0.001) for existing litter (EL), revealing distinct temporal patterns
(Table 2). In year 1, EL was greater during the dry season than in the rainy season. How-
ever, in year 2, there was no difference between the rainy season compared to the dry
season (Table 2). Notably, EL declined from year 1 to year 2 during the dry season,
whereas rainy-season EL remained statistically stable between years.

Table 2. Biomass of existing litter (EL) and litter deposition rate (LDR) of signal grass in monocul-
ture and mixed with forage peanut across different row spacing (cm) conditions during dry and

rainy seasons over two years of study.

EL Biomass (kg ha™)

Period Year 1 Year 2
Dry season 1316 A2 1090 Ab
Rainy season 1104 Ba 1240 Aa
SEM 33.03
Spacing (m) LDR (kg ha'd' OM)
Monoculture 34.1 42 48.1 Ba
0.40 44.0 Ab 72.6 Aa
0.50 29.5 Ab 64.6 ABa
0.60 39.2 Aa 46.7 ba
0.70 40.2 Ab 77.2 Aa
0.80 37.6 Ab 63.5 ABa
SEM 5.18

Year 1: May/2015 to April/2016; Year 2: May/2016 to April/2017. Averages followed by the same
letters—uppercase in the columns (compares periods within a year or spacings within a year) and
lowercase in the rows (compares years within a period or years within a spacing) —do not differ at

5% probability according to the Tukey and F test. SEM: standard error of the mean.

A significant interaction between row spacing and year (p = 0.036) was detected for
LDR. In year 1, LDR values ranged from 29.5 to 44.0 kg ha™ d-! (organic matter), with no
significant differences among treatments. In year 2, however, significant differences
emerged: mixed systems under 0.40 m and 0.70 m spacings recorded the highest deposi-
tion rates (72.6 and 77.2 kg ha™' d-, respectively), both significantly surpassing the mono-
culture (48.1 kg ha™ d™) (Table 2). The increase in LDR over time was particularly evident
in mixed systems. In contrast, the monoculture and the 0.60 m spacing showed relatively
stable LDR values across years.
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3.2. Chemical Composition of Litter

Most chemical attributes of EL, including mineral matter (23.6%), organic matter
(76.4%), neutral detergent fiber corrected for the presence of ash and residual proteins in
the OM base (NDFap) (60.8%), acid detergent fiber based on OM (ADF) (45.8%), insoluble
nitrogen in acid detergent based on total nitrogen in OM (ADIN/NT) (26.1%), lignin in
OM (20.6%), and lignin/NDF (0.34) or lignin/ADF (0.46) ratios, did not differ significantly
among treatments (p > 0.05). However, a significant effect of row spacing was found for
ADIN content expressed per unit of organic matter (p = 0.013) (Table 3). The 0.40 m and
0.50 m mixed treatments had the highest ADIN contents, significantly higher than the
monoculture. A significant interaction between spacing and year (p = 0.008) was observed
for the lignin/ADIN ratio. While most treatments remained stable over time, the 0.60 m
spacing exhibited a sharp increase, from 64.40 in year 1 to 145.07 in year 2, exceeding ratios
recorded at 0.40, 0.50, and 0.70 m, and indicating potentially more recalcitrant material
(Table 3).

Table 3. Concentrations of acid detergent insoluble nitrogen (ADIN) and the lignin/ADIN ratio of
the existing signal grass litter in monoculture and the litter mixed with forage peanut with different

spacing conditions over two years.

. ) lignin/ADIN

Spacing (m) ADIN (g kg' OM) Yoar 1 Yoar 2

Monoculture 1.78 104 Aa 119 ABa
0.40 314 77.5 Aa 82.2 Ba
0.50 294 70.6 A2 84.5 Ba
0.60 2.3 AB 64.4 Ab 145 Aa
0.70 2.5 4B 81.2 Aa 77.5 Ba
0.80 2.2 AB 90.4 Aa 102 ABa
SEM 0.002 7.77

Means followed by the same letters —uppercase in the columns and lowercase in the rows—do not

differ at 5% probability according to the Tukey and F test. SEM: standard error of the mean.

3.3. Nitrogen Concentration, Carbon/Nitrogen Ratio, Carbon Isotopic Signature, and C3:C4
Contribution in Litter

Row spacing significantly influenced nitrogen concentration (p = 0.001) and the C/N
ratio (p = 0.001) in litter (Table 4). The 0.40 m, 0.50 m, and 0.70 m spacings in mixed pas-
tures presented the highest nitrogen concentrations, significantly outperforming the mon-
oculture. Inversely, the C/N ratio was highest in the monoculture (43.85), significantly ex-
ceeding values observed in 0.40 m, 0.50 m, and 0.70 m spacings.

Table 4. Nitrogen concentration (N), carbon/nitrogen (C/N) ratio, isotopic carbon (*3¢), and propor-
tion of C3 and C4 plants in the existing litter of signal grass in monoculture (spacing 0) and the litter
mixed with forage peanut with different spacing conditions (cm).

Spacing N (g kg™) C/N 013C (%o) C3 (%) C4 (%)
Monoculture 8.348 43.854 -15.91 4 9.99 8 90.01 »
0.40 12.354 32168 -19.11¢® 31.414 68.59 B
0.50 12.86 A 30.48 B -20.24 B 39.01 4 60.99 B
0.60 10.48 2B 36.79 AB -18.29 AB 25.95 AB 74.05 AB
0.70 11.214 34.108 -18.73 B 28.89 A 71.118
0.80 10.47 A8 36.91 AB -17.67 AB 21.79 AB 78.21 AB
SEM 1.01 8.03 0.79 4.78 4.78
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Spacing “0”: monoculture of signal grass. Means followed by the same capital letters in the columns

do not differ at 5% probability according to Tukey’s test. SEM: standard error of the mean.

Row spacing significantly affected 5'3C values (p = 0.005), with more negative values
in mixed pastures indicating a greater proportion of Cs (leguminous) residues (Table 4),
while the monoculture had the least negative d°C value. Consistently, the contribution of
Cs-derived litter was significantly greater at 0.40 m, 0.50 m, and 0.70 m than in the mono-
culture.

The effect of different periods on N concentration (p = 0.001) and C/N (p = 0.001) was
also observed in the EL. A higher concentration of N (12.0 vs. 9.9 g/kg™!, SEM = 0.01) and
a lower C/N ratio (32.2 vs. 39.2, SEM = 9.03) was found in the dry season than in the rainy
season.

No effect of treatments on the carbon concentration in the EL was observed (p =0.392;
average of 36.6 g kg1).

3.4. Carbon Isotopic Signature and C3:C4 Contribution in Sheep Feces

Row spacing exerted significant effects on fecal 5°C (p = 0.001) and on the estimated
dietary proportions of Cs (p = 0.001) and Cs (p = 0.001) plants (Table 5).

The monoculture system (spacing 0) exhibited a 6'3C of —16.44%., with fecal compo-
sition dominated by Cs4 material (92.75%). The 0.50 m spacing showed the most negative
O1C (-18.95%0) and the highest Cs plant contribution (24.68%), statistically differing from
all other treatments and indicating enhanced forage intake from forage peanut.

Table 5. Isotopic carbon (5°C) and proportion of C4 and C3 plants in sheep feces under grazing

signal grass in monoculture and mixed with forage peanut in different spacing conditions (cm).

Spacing OBC (%o) C3 (%) C4 (%)
0 (monoculture) -16.44 A 7258 92.75 A
0.40 -17.66 4B 15.74 A8 84.26 AB
0.50 -18.95 B 24.68 A 75.32B
0.60 -16.80 A 9.728 90.28 A
0.70 —17.55 4B 14.95 A8 85.05 AB
0.80 -16.58 A 8.18 8 91.82 A
SEM 0.74 5.16 5.16

Spacing “0”: monoculture of signal grass. Means followed by the same capital letters in the columns
do not differ at 5% probability according to Tukey’s test. SEM: standard error of the mean.

The 0.80 m spacing showed the lowest Cs proportion (8.18%) and a d3C value
(—16.58%o) statistically similar to the monoculture. Intermediate Cs contributions were rec-
orded at 0.40 m (15.74%), 0.60 m (9.72%), and 0.70 m (14.95%). Overall, the 0.50 m spacing
emerged as the most efficient in enhancing Cs intake, while the monoculture and 0.80 m
treatments-maintained diets were largely based on Cs material (Table 5).

4. Discussion
4.1. Biomass of Existing and Deposited Litter and Litter Deposition Rate(Discussion)

Litter dynamics are strongly influenced by climatic variability and management
practices, which directly effects nutrient cycling [32]. In year 1, higher litter biomass dur-
ing the dry season can be attributed to forage senescence under water stress, combined
with reduced decomposition due to low humidity. In contrast, the more balanced litter
biomass between seasons in Year 2 suggests that established pastures with legumes are
more resilient to climatic fluctuations.
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Arachis pintoi inclusion consistently increased litter deposition compared to grass
monoculture, playing an important role in enhancing nitrogen input via biological nitro-
gen fixation (BNF) and improving litter quality [33,34]. Narrower intercropping rows fur-
ther intensified this effect by improving nutrient availability and nitrogen cycling, which
corroborates the results of [19]. This mechanism promotes a positive feedback loop, where
greater organic material input enhances soil fertility and system sustainability [35].

Grass monoculture exhibited stable but lower litter deposition, indicating limited ca-
pacity for nutrient cycling and greater dependence on external inputs. These results high-
light the potential of diversified pastures, especially with optimized spatial arrangements,
to improve nutrient cycling and long-term sustainability.

4.2. Chemical Composition of Litter(Discussion)

The highest NIDA-MO values in the narrowest spacings (0.40 and 0.50 m) can be
attributed to the higher proportions of forage peanut, which has higher concentrations of
nitrogen and lignin relative to signal grass. However, the NIDA/total N and lignin con-
centrations did not vary between treatments. In the second year of the study, a trend to-
wards lower lignin/NIDA values was observed in those narrowest spacings. The higher
lignin/NIDA ratio in the litter reflects the presence of a more recalcitrant component in
the material deposited in the soil, which confers a lower rate of degradation and release
of nutrients to the soil [36]. However, the higher N concentrations in the litter of mixed
pastures with forage peanuts compared to the grass monoculture may cause a compensa-
tory effect, adding a substrate with a higher degradation rate to the soil and contributing
to mineralization instead of the immobilization of N by soil microorganisms [37]. Thus,
the higher nitrogen concentration in the litter is an effective indicator of superior quality,
which may promote greater mineralization and nitrogen input to the system, favoring the
growth of forage species and, consequently, improving the diet of grazing animals.

These findings demonstrate that arrangements with narrower spacing promote not
only greater litter deposition but also biomass with superior chemical characteristics to
sustain nutrient cycling in the pasture ecosystem. On the other hand, grass monoculture
depends on external inputs of chemical nitrogen for greater efficiency in nutrient cycling.
Thus, the presence of legumes in grazing systems can be considered a beneficial factor as
it sustainable improves pasture conditions [38], with the quality of the material deposited
in the soil facilitating the return of nitrogen to the system and benefiting the production
system as a whole [39].

4.3. Nitrogen Concentration, Carbon/Nitrogen Ratio, Carbon Isotopic Signature, and C3:C4
Contribution in Litter(Discussion)

The nitrogen concentration in the litter was consistently higher in mixed pastures
containing forage peanut at spacings of 0.40 m and 0.50 m compared to the signal grass
monoculture. This pattern highlights the significant contribution of biological nitrogen
fixation by the legume, which enhances nitrogen availability in the litter. Increased nitro-
gen content improves the litter’s nutritional quality, facilitating microbial decomposition
and accelerating nutrient mineralization. These effects play a key role in low-input pasture
systems, where soil fertility largely depends on biological nitrogen inputs [40].

The C/N ratio followed an inverse trend, with monoculture litter exhibiting the high-
est values, indicating lower nitrogen relative to carbon and, consequently, slower decom-
position rates. Mixed pastures had significantly lower C/N ratios, particularly at narrower
spacings, which favor faster nutrient cycling and organic matter turnover [19]. These dif-
ferences in litter quality are further supported by isotopic carbon (013C) data, which
showed more negative values in mixed pastures, consistent with a higher proportion of
C3 plant material derived from forage peanut. This shift contrasts with the dominance of
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C4 signal grass in monoculture, which contributes litter with different biochemical char-
acteristics and slower nutrient release.

The increase in C3 biomass proportion at closer legume spacings enhances litter bio-
chemical diversity, potentially improving soil organic matter dynamics and nutrient re-
tention. In contrast, the monoculture’s litter composition, dominated by C4 grasses with
higher C/N ratios and less nitrogen, may limit decomposition and nutrient availability.
Therefore, integrating forage peanut into signal grass pastures, especially at optimized
spacings, can improve the quality and cycling of organic matter, supporting more sustain-
able and productive pasture management [18]. These results support the complementary
role of C3 and C4 species in mixed pastures, where the presence of Arachis pintoi contrib-
utes to higher nitrogen concentration in the total biomass, while U. decumbens maintains
high carbon levels. Greater biomass and nutrient accumulation in U. decumbens—A. pintoi
mixtures compared to grass monocultures, both in shoots and roots, have also been re-
ported [19].

4.4. Carbon Isotopic Signature and C3:C4 Contribution in Sheep Feces(Discussion)

The isotopic composition of feces indicates that the inclusion of forage peanut in
mixed pastures influenced the diet composition of grazing sheep, but with clear depend-
ence on row spacing. The most significant effect was observed at the 0.50 m spacing, where
013C values were significantly more negative (-18.95%o), reflecting a higher intake of C3
species. This was confirmed by the increased C3 plant contribution in the diet (24.68%),
which was statistically higher compared to the monoculture (7.25%).

In contrast, at wider spacings (0.60 and 0.80 m), the d13C values and the C3/C4 pro-
portions were statistically similar to the monoculture, indicating minimal forage peanut
intake and a diet dominated by signal grass (C4). The intermediate spacings (0.40 and 0.70
m) showed a tendency towards greater C3 consumption, but this was not statistically sig-
nificant.

These results demonstrate that narrow spacing, particularly 0.50 m, is more effective
at ensuring greater accessibility and intake of forage peanut by grazing animals. This re-
flects both the spatial arrangement favoring legume contribution and possibly higher for-
age peanut biomass availability under this configuration. In contrast, wider spacings re-
duce the legume contribution to the pasture structure, limiting its presence in the diet.

The dominance of C4 species in monoculture and in the wider spacings confirms the
limited capacity of signal grass alone to diversify diet quality. Therefore, adopting mixed
pastures with appropriate spatial arrangements not only enhances plant diversity but also
effectively modifies the diet composition of grazing animals [41].

However, due to the short period of this study, it is recommended that it be repeated
for longer periods to validate its results.

5. Conclusions

Optimizing spatial arrangement through narrower row spacings (0.40-0.50 m) leads
to increased legume density, which is directly associated with higher rates of litter depo-
sition, exceeding those observed under wider spacings and in monoculture systems. Bet-
ter quality litter, richer in nitrogen, contributes to improved soil nutrient return and pro-
motes more efficient nutrient cycling within pasture ecosystems.

Furthermore, the legume—grass mixture significantly influences the dietary intake of
grazing sheep. The 0.50 m spacing yielded the most depleted d*C values and the highest
proportion of C3-derived carbon in feces, indicating increased legume consumption. This
finding highlights the role of spatial configuration not only in botanical composition but
also in animal foraging behavior and nutrient redistribution through excreta.
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Overall, we recommend a spatial arrangement with narrower spacing (0.40-0.50 m)
between Arachis pintoi intercropped with U. decumbens, which, managed with a pre-graz-
ing height of 20 cm and a post-grazing height of 10 cm, contributes to maximizing ecosys-
tem services and improving the functional sustainability of tropical legume-grass pasture
systems under integrated livestock production.
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