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Production and morphogenetic traits of Megathyrsus
maximus "Aruana” with nitrogen fertilization in
silvopastoral and full sun systems

Caracteristicas produtivas e morfofisiolédgicas de
Megathyrsus maximus "Aruana” com adubacao
nitrogenada em sistema silvipastoril e pleno sol

Andressa Radtke Baungratz'; Leonardo Piffer de Borba?; Bruna Martins de
Menezess?; Cleison de Souza* Jean Lucas Macari Porsch®;
Tiago Venturini'; Eduardo Eustaquio Mesquita®; Eriton Egidio Lisboa Valentes;
Vicente de Paulo Macedo’

Highlights

Nitrogen fertilization increased herbage quality by increasing crude protein content.
The presence of light influenced the morphological development of the forage.
The higher leaf area index influenced dry matter production and herbage accumulation.

Abstract

The objective of this study was to assess the impact of nitrogen fertilization on M. maximus cv. Aruana
cultivated in silvopastoral and full-sun systems, focusing on morphogenetic, structural, and productive
traits, as well as chemical composition. Silvopastoral systems promote productive efficiency and
sustainability in animal husbandry, leading to improved herbage quality and enhanced thermal comfort
for the animals. Nitrogen fertilization affects the growth of tropical forages. The study evaluated the
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system used (silvopastoral or full sun), the presence of fertilization (with or without), and distinct intervals
(21,42, 63, or 84 days) on productive and morphogenetic traits of the forage. The silvopastoral system
exhibited increased canopy height, while the full-sun condition favored dry matter production and animal
weight gain. Fertilization benefited basal tiller density and morphogenesis. The crude protein content
was higher in full sun. Full sun displayed benefits in terms of both herbage production and composition,
whereas the silvopastoral system excelled particularly in terms of canopy height. Fertilization improved
several traits, fostering tissue turnover. The study highlights the importance of proper management in
silvopastoral systems to optimize herbage production and quality.

Key words: Morphogenesis. Mineral fertilization. Shading. LA

Resumo

O objetivo do presente trabalho foi avaliar o efeito da adubacgéo nitrogenada em M. maximus cv. Aruana
cultivadoemsistemasilvipastorileplenosolsobreascaracteristicasmorfogénicas, estruturais, produtivas
e composi¢cdo quimica. Sistemas silvipastoris promovem eficiéncia produtiva e sustentabilidade
na producao animal, melhorando a forragem e o conforto térmico. A adubacao nitrogenada afeta o
crescimento de forrageiras tropicais. O estudo avaliou o sistema utilizado (silvipastoril e pleno sol),
adubacao (com e sem) e periodos (21, 42, 63 e 84 dias) em caracteristicas produtivas e morfogénicas
da forrageira. O sistema silvipastoril elevou a altura do dossel, enquanto o pleno sol favoreceu a matéria
seca e ganho de peso animal. A adubacao beneficiou a densidade de perfilhos basais e morfogénese.
O teor de proteina bruta foi maior no pleno sol. Pleno sol teve vantagens na forragem e composicao,
enquanto o silvipastoril destacou-se na altura do dossel. A adubacao melhorou vérias caracteristicas,
incentivando renovacéo tecidual. O estudo destaca a importéncia do manejo adequado em sistemas
silvipastoris para otimizar producao e qualidade forrageira.

Palavras-chave: Morfogénese. Adubac¢ado mineral. Sombreamento. IAF.

Introduction

Silvopastoral systems have
demonstrated a remarkable capacity to
enhance the productive efficiency of their
components, significantly contributing to the
sustainability of animal production (Paciullo
etal., 2017; Anjos & Chaves, 2021). Moreover,
these systems increase soil fertility, improve
herbage quality and production, and
enhance the thermal comfort of animals.
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They also serve to rehabilitate degraded
areas, sequester carbon, and bolster
biodiversity, generating diversified income
streams for producers (Abraham et al., 2014;
Paciullo et al., 2014; Lépez-Carrasco et al.,
2015). However, the management of light
competition within silvopastoral systems
assumes great importance to avert potential
limitations on forage potential due to shading
caused by trees (Neel et al., 2016; Santiago-
Hernandez et al., 2016).
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Irrespective of the chosen system,
nitrogen (N) deficiency can severely impact
the growth of tropical forages (Silveira
et al., 2015). The application of N during
the vegetative phase of plants leads to
heightened shoot growth, improved light
uptake, augmented photosynthetic activity,
and increased nutrient uptake through roots
(Fagan et al., 2016). In shaded environments,
the availability of soil N tends to be more
favorable due to a gradual reduction in soil
moisture, fostering microbial activity and
mineralization processes (Araujo et al., 2017).

To harness the benefits of both
shading and fertilization, the selection of a
suitably adaptable and widely distributed
forage species is imperative. One such
example are Megathyrsus maximus cultivars.
The attributes of moderate height and
reduced stem length render M. maximus cv.
Aruana a highly promising option for sheep
grazing (Sacramento et al., 2019). With its
high potential for generating dry matter per
unit area, adaptability, nutritional excellence,
and ease of establishment, M. maximus
stands out as one of the best tropical forage
choices (Lima Veras et al., 2020).

The experiment aimed to validate
the hypothesis that the combination of
silvopastoral practices with N fertilization
exerts a positive influence on forage
plants, thereby fostering their growth,
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development, and chemical composition.
The objective encompassed the evaluation
of morphogenetic, structural, and productive
traits as well as the chemical composition
of M. maximus cultivated in a silvopastoral
system or in full-sun conditions, with and
without nitrogen fertilization, and grazed by
sheep.

Material and Methods

Location

The study was conducted in a field
setting at the Sheep and Goat Farming
Teaching and Research Unit of the Federal
Technological University of Parana, Dois
Vizinhos campus, from December 2019
to March 2020. Situated in the southwest
region of Parand, the institution occupies
a latitude of 25° 42" S and longitude of
53° 03' W, with an approximate elevation
of 520 m above sea level. The soil type
is categorized as an Oxisol with a clayey
texture (Empresa Brasileira de Pesquisa
Agropecuaria [EMBRAPA], 1999). The region
is characterized by a mesothermal humid
subtropical climate (Cfa), characterized by
an average annual precipitation of 1,953 mm
and mean annual temperatures of 25.2 °C
(maximum) and 14.7 °C (minimum) (Alvares
etal., 2013) (Figure 1).

1209



Ciéncias Agrarias I

e SEMINA —_— Baungratz, A.R. et al.
26.0 4 5.0
250 | — ]

1 40 _
O 240 t 1 S
— o.oi"'.""'. £
g seeett {307
5 230 et c
i 1]
g 220 r 120%
: |7 ¢
2 210 f =
41 1.0
20.0 | |
19.0 0.0
21days Period 1 Period 2 Period 3 Period 4
before
experiment
I Precipitation Maximum temperature eseees Minimum temperature

Figure 1. Meteorological data [minimum and maximum temperatures (°C) and precipitation (mm]]
observed during field evaluations (November 2019 to March 2020). Source: GPCS (2020).

Experimental procedures

This study received approval from
the Committee on Ethics in the Use of
Animals (CEUA - Universidade Tecnoldgica
Federal do Parana - approval no. 2019-34), in
compliance with the guidelines established
by the National Council for the Control of
Animal Experimentation (CONCEA).

The experimental treatments
encompassed the following scenarios:
Aruana pasture under full sun with nitrogen
fertilization; Aruana pasture under full
sun without nitrogen fertilization; Aruana
pasture in a silvopastoral system with
nitrogen fertilization; and Aruana pasture
in a silvopastoral system without nitrogen
fertilization. Nitrogen fertilization was applied
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in the treatment paddocks with agricultural
urea (46% total N) as a single application,
dosed at 200 kg N ha™'. This application
occurred after the leveling cut of the plots
to optimize the efficiency of fertilization,
approximately 15 days before the initiation of
the experimental assessments.

The study area spanned a total of
0.48 ha, cultivated with M. maximus cv.
Aruana. This space was divided into two
distinct systems: six paddocks within the
silvopastoral system (each with an area
of 400 m?) comprising Cordia trichotoma
and Peltophorum dubium trees, and six
paddocks exposed to full sun (each with an
area of 400 m2). The pasture was established
in 2010, while the tree components were
introduced in the years 2013/2014 within the
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silvopastoral system. The tree arrangement
extended in an East-West direction, with
trees placed in four double rows at the ends
of each paddock. The spacing between trees
was set at 10 m, with a planting distance of
2.00 m between individual plants and 1.50 m
between rows. According to a forest survey
conducted in 2019, the average crown
diameter of C. trichotoma specimens was
3.05 m, with a crown height of 3.10 m and
an average height of 7.90 m. For P. dubium,
data collected in 2018 indicated an average
crown diameter of 2.20 m, crown height of
2.00 m, and an overall height of 3.90 m. On
average, each tree provided a shade area
spanning 36 m? (Cipriani et al., 2016). Both
systems were equipped with drinkers and
troughs to facilitate mineral supplementation
for the animals.

Before initiating the experiment,
the overall soil pH of the designated area
underwent correction using dolomitic
limestone (RNV 95.2%) with the intention
of raising the base saturation to 70% (BS:
55.9%).

Each experimental phase spanned 21
days, and the entire experiment comprised
four of these phases, totaling an evaluation
period of 84 days. Twenty-four male lambs
(Dorper x Santa Inés), with an average age of
60115 days and an average weight of 23+3.5
kg, were employed. Continuous grazing with
a variable stocking rate was employed using
the “put and take"” technique (Mott & Lucas,
1952). The adaptation period was accounted
for within the experimental phases since the
animals used for the evaluations had prior
exposure to a semi-intensive rearing system,
implying that grazing was already a familiar
activity.
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Body weight gain per hectare (BWG
ha™") was calculated utilizing the average daily
gain (ADG) determined for each assessment
period (21 days). This was computed using
the equation:

BWG = (ADG x Number of days in the
paddock)/Paddock area.

Pasture evaluations were carried out
at 21-day intervals, maintaining a consistent
supply of 10% herbage mass (HM) (10 kg DM
100 kg BW" animal™ day™). The available HM
was determined by employing the double-
sampling method (Wilm et al., 1994).

Morphogenesis

For the determination of morphogenetic
and structural characteristics, three transects,
each featuring five tillers identified by
colored wires, were utilized within each of
the experimental paddocks, as by Carréere
et al. (1997). The transects were distributed
within the paddocks to ensure representative
sampling. Evaluations occurred twice weekly,
with tillers being replaced at the start of a new
period to maintain representativeness.

Measurements were conducted
using a millimeter-graded ruler, capturing the
following variables: leaf and stem lengths,
the number of mature leaves along with their
dimensions (in centimeters), classification
based on leaf status (senescent or not)
and whether they were intact or defoliated,
following Lemaire and Chapman (1996). From
this data, the following parameters were
calculated: Leaf Appearance Rate: ratio of
fully expanded leaves to the number of days
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in the experimental period; Leaf Elongation
Rate: difference between final and initial leaf
bladelengths dividedbythe numberofdaysin
the period; Stem Elongation Rate: difference
between final and initial stem lengths divided
by the number of days in the period; Leaf
Senescence Rate: sum of senescent leaf
blade lengths divided by the number of days
in the period; Number of Live Leaves (NLL):
average count of fully expanded leaves
without signs of senescence; Final Leaf
Length; and Leaf Lifespan (LLS), estimated
using the equation LLS = NLL x Phyllochron.

Herbage mass and tiller density

To ascertain the HM (kg ha™), plant
material was collected from each of the
experimental paddocks utilizing the double-
sampling technique (Wilm et al., 1994). This
involved visually estimating 12 points and
performing three real estimates for each
experimental paddock. The herbage was cut
near the ground using a square with an area
of 0.25 m? at the real points. The structural
composition of the total collected material
was determined. Basal and aerial tiller density
were gauged using a 0.0625-m?2 square at the
beginning of each experimental period. Tiller
counts within this area were conducted, with
three assessments performed per paddock
to ensure the representation of each area.

Daily accumulation rate and leaf area index
To establish the daily herbage
accumulation rate (DAR), grazing exclusion

cages measuring 0.25 m? were installed in
each of the experimental paddocks. One
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cage was positioned in a representative
area, while a similar point was selected as a
comparison. Herbage available within both
cages was cut using a 0.25-m? square. The
collected samples were dried in an oven at
55 °C for 72 h, weighed, and DAR was derived
from the weight discrepancy between the
two samples, divided by the number of days
in the evaluation period, following Klingman
etal. (1943).

For the determination of the leaf area
index (LAI), plant material was collected from
each experimental paddock within a 0.25-
m?2 area, chosen for its representativeness.
The collected material was sorted into
leaves, stems, and dead material. Within
each plot, leaf blades from approximately
10 tillers were used to compute LAI, based
on methodologies outlined by Zanchi et al.
(2009) and Sousa et al. (2015). The remaining
material was weighed and dried in a forced-
air oven (55 °C) to determine the DM content.

Leaf area (LA) was computed using
the AFUFT method (Sousa et al., 2015) with
a millimeter-graduated ruler, employing
measurements of each sampled leaf (total
length: measurement A; width of the blade
base: measurement B; width of the middle
of the blade: measurement C, all in cm). The
calculations included:

LA = Triangle area [((Measurement C) x
(Measurement A/2))/2] + Trapezium area
[((Measurement C + Measurement B)/2) x

(Measurement A/2)]; and

LAl = (Leaf weight)/(Leaf weight + Stem
weight) x Dead material weight x LA/10000.
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Chemical analysis

To determine the chemical
composition, samples of leaves and stems
were collected, dried in a forced-air oven (55
°C) for 72 h, and then ground using a Wiley
mill with a 2-mm sieve. Dry matter (method
934.01) and crude protein (method 981.10)
were determined following Association of
Official Analytical Chemists [AOAC] (2016)
protocols. Neutral detergent fiber and acid
detergent fiber were gauged in accordance
with Van Soest et al. (1991), using filter bags
(Komareck, 1993), within an autoclave at
110 °C for 40 min (Senger et al., 2008). The
lignin content was determined by treating the
samples with 72% sulfuric acid (AOAC, 2016).

Experimental design and statistical analysis

The experimental design employed
was completely randomized, utilizing a
double factorial arrangement (presence or
absence of nitrogen fertilization and two
systems - full sun and silvopastoral) with
repeated measures over time. The collected
data underwent a normality test (Shapiro-
Wilk) via the UNIVARIATE procedure.
Subsequently, a two-way analysis of variance
(ANOVA) with repeated measurementsintime
(systems, fertilization, and four collection
periods: 21, 42, 63, and 84) was conducted
using the PROC GLIMMIX command within
the statistical software SAS® University
Edition (2017). Among the considered error
structures, the Components of Variation error
(VC) demonstrated the best fit according to
the Akaike Information Criterion (AIC) and the
Bayesian Information System (BIC).
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Significant results for isolated effects
were subjectedto mean comparisonbetween
production systems and fertilization options
using the F-test. Regression analysis was
also applied to assess the effect of periods,
using the PROC GLIMMIX and PROC REG
commands. A significance level of a = 0.05
was adopted for all hypothesis tests.

The mathematical model below was
applied to analyze the variables:

Y, =H+T,+R +P+TP +e,,

where Y, : observation related to production
system i, fertilization option i, and period
Ji p: overall mean; T: effect corresponding
to production system i (silvopastoral or
full sun); R_ (Ti): effect corresponding to
fertilization option k (with or without); g
effect corresponding to period j (21, 42, 63,
or 84 days); TP, interaction effect between
production system i, fertilization option Kk,
and period j; e,: random error associated
with production system i, fertilization option
j,and period j.

For the basal tiller density variable, the
PROC GLM command was employed, fitting
the data with the Gamma distribution and
Log link function. For the leaf senescence
rate variable, the GLM was adjusted utilizing
the Exponential Distribution and Logarithmic
Link function. Additionally, the GLM was
applied to the basal tiller density variable,
using negative binomial distribution and
the Log link function. The determination of
model fit was based on the AIC and graphical
analysis of residual adherence.
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Results and Discussion
Morphogenetic and structural traits

Leaf senescence rate was not
influenced (P > 0.05) by the evaluated
treatments. Canopy height exhibited a higher
value (P = 0.0002) in the silvopastoral system
(27.52 cm) compared to full sun conditions
(21.97 cm). The rates of leaf appearance,
as well as leaf and stem elongation, were
influenced by the evaluation period (Table
1). Leaf appearance rate directly influences
plant morphogenesis, impacting final leaf
size, tiller density, and number of live leaves
per tiller. The maximum point found for the
variable was 34 days, and the estimated
response was 0.219 tillers leaf’ day”. In
general, higher leaf appearance rates are
associated with smaller leaves in greater
quantity since the faster the appearance of
new leaves, the shorter the available time for
their full expansion. An upright growth habit,
as in Aruana grass, induces an increase in
leaf sheath length, which increases the time
required for leaf appearance (Negri et al.,
2019).

Aerial tiller density revealed an
interaction effect (P = 0.0373) between the
use of nitrogen fertilization and evaluation
days (Table 2). Basal tiller density exhibited
a linear effect (P = 0.0001) with evaluation
days (Table 2). The amount of light reaching
the plant not only depends on the time span
but also directly affects blade growth, as
evidenced by the greater development of the
leaves in full sun conditions, when the leaves
have the potential to achieve greater lengths
over shorter evaluation periods.

The reduced leaf lifespan was a
response to leaf appearance and elongation
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rates (Table 1). The response patterns
observed in number of live leaves and leaf
lifespan (Table 2) imply a heightened rate
of tissue turnover prompted by nitrogen
application. This can positively impact the
production system as younger leaves exhibit
superior photosynthetic capacity. Leaf
lengthis considered an escape characteristic
responsive to defoliation intensity, signifying
an adaptive characteristic for grazing plants
(Costaetal., 2018).Inideal growth conditions,
changes in forage tillering are evident, which
can be caused by changes in temperature
and light regime (Bastos Ongaro et al., 2023).

Aerial and basal tiller density is
influenced by nutritional, environmental,
and management factors, which collectively
shape plant responses to given conditions.
The generation of new tillers is dependent
on the amount of energy sourced from
photosynthesis and the dynamic activity
of growth points. This process remains
continuous and is expedited when
environmental luminosity conditions at the
base of the canopy are enhanced (Costa et
al., 2018).

The observed decrease in both basal
and aerial tiller densities in the silvopastoral
system aligns with findings by Paciullo et al.
(2017) involving Panicum maximum cultivars
Tanzania and Massai. These prior studies
underscored the significance of sunlight
in the broader plant production spectrum.
The linear response noted for basal tiller
density across evaluation days suggests a
strategic emphasis on nurturing preexisting
morphogenetic structures, possibly at the
expense of generating new ones. This is a
common survival-oriented characteristic
observed in plants (Costa et al., 2018).
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The favorable outcomes concerning
the number of leaves per tiller can be
attributed to the substantial nitrogen
content utilized. This N content contributes
significantly to the plant's photosynthetic
response to light, enhancing its efficiency
in harnessing solar radiation. Genetic
characteristics of the forage species play a
more dominantrole ininfluencing the number
of live leaves per tiller compared to the
provided environmental conditions (Paciullo
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et al., 2017). Consequently, the impact of N
fertilization on number of leaves might be
relatively minor. Comparatively lower values
have been reported in the literature, such as
3.71 leaves per tiller at the 42-day evaluation
mark for cultivar Tanzénia-1 isolated from
grazing. This difference could be attributed
to its greater height and subsequent reduced
tillering in comparison to cv. Aruana (Costa et
al., 2018).
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Table 2

Regression equations, coefficients of determination (R2), estimated variable response, minimum or
maximum contents (MC), and coefficient of variation (CV%) of Megathyrsus maximus in silvopastoral
and full-sun systems

Variable Regression equation E;:;)a;::

LAR 0.131420 + 0.005168*Day - 0.000076*Day? 0.246 0.219 34 34.81
LER 1.698065 - 0.003078*Day + 0.000369*Day? 0.156 1.692 04 4240
SER 0.315223 - 0.014400*Day + 0.000163*Day? 0.397 -0.003 44 84.39
BTD 667.8807335 - 2.8208548*Day 0.092 = = 35.45
FILL 18.450990 - 0.608909*Day + 0.007037*Day? 0.745 5.279 43 29.23
SD 132.6176389 + 0.8329960*Day 0.262 = = 16.39
CH 31.96870940 - 0.23251077*Day 0.467 - - 24.20

Silvopastoral
NLL 5.840912023 - 0.139870126*Day + 0.001846306*Day?  0.359 3.192 34 31.16
LLS 54.90457302 - 1.31477918*Day + 0.01735528*Day? 0.359 30 30 31.16
LAI 1.397390244 - 0.042675184*Day + 0.000451514*Day? 0.824 0.389 47 2556
FDLL 8.766770186 - 0.295013803*Day + 0.003528393*Day? 0.715 2.60 42 30.10
BWG 19.81000000 - 0.72654762*Day + 0.01307823*Day? 0.239 9.71 27 55.72
Full sun

NLL 5.177785479 - 0.064142189*Day + 0.000914612*Day? 0.155 4.053 35 2294
LLS 48.67118350 - 0.60293658*Day + 0.0085973*Day? 0.155 38 38 2294
LAI 2.970666667 - 0.06622619*Day + 0.000519841*Day? 0.765 0.861 64 28.11
FDLL 7.9596078430 - 0.195939932*Day + 0.002420005*Day? 0.416 3.993 40 32.29
BWG 31.52666667 - 1.15968254*Day + 0.01604308*Day? 0.692 10.57 36 34.51

LAR - leaf appearance rate (leaf tiller" day™); LER - leaf elongation rate (mm tiller" day™); SER - stem elongation rate
(mm tiller" day™"); BTD - basal tiller density (tillers m); FILL - final intact leaf length (mm); SD - stocking density (kg LW
ha"); CH - canopy height (cm); NLL - number of live leaves (tiller" leaves); LLS - leaf lifespan (days); LAl - leaf area index;
FDLL - final defoliated leaf length (mm); BWG - body weight gain (kg).

Dry matter yield and animal performance

In terms of dry matter yield and
animal performance, nitrogen fertilization
exhibited a significant influence (P < 0.05) in
full-sun conditions, leading to higher values
in herbage mass and daily accumulation
rate (Table 1). These findings align with the
increased LAl observed (P = < 0.0001) in the
full-sun treatment. Notably, herbage mass

Semina: Ciénc. Agrar. Londrina, v. 44, n. 3, p. 1207-1224, maio/jun. 2023

production was influenced by the production
system, with greater yield (P = < 0.0001)
in full sun (Table 1). The higher herbage
accumulation rate when combined with
nitrogen fertilization and full sun suggests
a notable response of plants to the applied
fertilizer rate, considering that DM yield
and biomass accumulation are impacted
in situations with 50% or more sunlight
exposure (Barnes et al., 2015).
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Stocking density showed a notable
increase (P <0.0001) under full-sun conditions
(Table 1). The factors influencing animal body
weight gain included the evaluation system
(P =0.0159), use of N fertilization (P = 0.0011),
and evaluation period (P = 0.0007) (Tables
1 and 2). The full-sun system demonstrated
greater favorability for pasture development
and production, with a mean surpassing that
of the silvopastoral system (16,860.00 kg DM
ha"). Meeting the carbon C and nitrogen N
requirements of the plant triggers meristem
activation, resulting in heightened tillering,
leaf growth, and biomass accumulation (Assis
Farias et al., 2018). The evaluation period
was characterized by elevated temperatures,
leading to an increased number of leaves
and subsequent tillering, largely due to the
use of solar luminosity by N, subsequently
enhancing leaf crude protein (CP) levels.
This, in turn, facilitated augmented herbage
production and stocking density.
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Chemical composition

The contents of dry matter, CP,
neutral detergent fiber, acid detergent fiber,
and lignin in leaf and stem samples differed
significantly (P < 0.05) according to the
evaluation day (Table 3). Full sun exposure
led to higher CP levels in both leaves and
stems (Table 3). This increase in CP content
was more pronounced under full-sun
conditions, attributable to the influence of
sunlight on the plant’s utilization of fertilizer
and other nutrients. Additionally, the soil-
climatic conditions during the experimental
phase facilitated a substantial production of
leaf blades by the plants, which explains the
heightened nutritional content.
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Table 3

Dry matter, crude protein, acid detergent fiber, neutral detergent fiber, and lignin contents of samples
of leaves and stems of Megathysus maximus in silvopastoral and full-sun systems

Fertilization

(F)

Without 21.93a 18.62b 35.61a 68.73a 2.23 20.36a 10.10b 45.59 76.34a 2.11b
With 21.43b 21.64a 3491b 66.73b 2.26 19.75b 10.80a 45.37 75.24b 2.50a
System (S)

Full sun 22.05a 21.81a 34.65b 67.31 2.17b 19.45b 11.02a 44.06b 74.68b 2.23b
Silvopastoral 21.26b 18.45b 35.86a 68.14 2.33a 20.66a 9.88b 46.90a 76.91a 2.39a
Day

21 20.52 23.71 32.64 6273 2.26 19.82 11.30 42.09 71.44 2.21
42 23.25 1880 35.78 68.57 2.37 18.18 10.96 4417 75.65 2.16
63 1888 1848 36.68 70.57 2.19 1815 899 49.18 79.51 2.49
84 2494 1952 3593 69.04 214 2396 10.54 46.47 76.57 2.33
Mean 21.68 2013 3526 67.73 224 20.06 1045 4548 75.79 2.31
SEM 0.447 0.633 0.341 0689 0.048 0.525 0305 0.661 0.684 0.069
p-value

Fertilization ~ 0.0001 <.0001 0.0153 0.0008 0.3891 <.0001 0.0286 0.5171 0.0072 <.0001
System <.0001 <.0001 0.0003 0.1050 0.0126 <.0001 0.0014 <.0001 <.0001 0.0183
Day <.0001 <.0001 <.0001 <.0001 0.0170 <.0001 0.0039 <.0001 <.0001 0.0002
FxS <.0001 0.0751 0.3482 0.9524 0.0716 <.0001 0.5840 0.8493 0.5419 0.0137
F x Day <.0001 <.0001 0.0429 0.0085 <.0001 <.0001 0.0027 0.0002 <.0001 <.0001
S x Day <.0001 <.0001 0.9248 0.0005 0.0152 <.0001 0.0004 <.0001 <.0001 <.0001

F x S x Day <.0001 <.0001 0.0131 0.0084 0.0048 <.0001 0.1019 0.0019 0.0509 0.0004

DM - dry matter (%); CP - crude protein (% DM); ADF - acid detergent fiber (% DM), NDF - neutral detergent fiber (%
DM); LIG - liginin (% DM).

Means followed by different letters in the same column comparing the effect of fertilization and/or shading differ by
the T test (p<0.05).

The application of nitrogen fertilization mass production, which was notably higher
at higher rates induces an increase in the under sunlight-exposure conditions in
fibrous component of the plants (Neumann conjunction with nitrogen application.
et al., 2019), especially in older plants, where
higher productivity necessitates additional ]
structural support. The higher CP content, Conclusions
coupled with reduced acid detergent fiber
and neutral detergent fiber levels, signifies
enhanced nutritional value in plants exposed
to full sun. This, in turn, influenced herbage

The integration of the silvopastoral
system and nitrogen fertilization exhibited
positive effects on forage growth, leading to
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increased canopy height as well as enhanced
rates of leaf and stem appearance and
elongation. Moreover, nitrogen fertilization
also favored basal tiller density, promoting
robust tissue turnover and yielding young and
nutrient-rich leaves. Nevertheless, the full-sun
system notably excelled in multiple aspects,
including dry matter yield, daily accumulation
rate, and chemical composition. This was
evident in its higher levels of crude protein
and decreased fiber content. Consequently,
the initial hypothesis proposing that the
combination of the silvopastoral system with
nitrogen fertilization would enhance forage
growth is confirmed. However, it is essential
to underscore that the full-sun system
demonstrated more favorable outcomes in
both herbage yield and quality.
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