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ABSTRACT Tree density is an important aspect in silvopastoral system (SPS) planning, since low luminosity can limit
forage perenniality, especially for tropical forages of C4 metabolism. The objective with this study was to verify if an SPS
with high tree density accelerates the pasture degradation process and changes the forage chemical composition. The
experiment was carried out by comparison of marandu palisade grass [Urochloa brizantha (Hochst. ex A. Rich.) R. D.
Webster] pasture in two systems: silvopastoral and open pasture. In the SPS, teak ( Tectona grandis) was planted with a
density of 750 trees ha™'. Evaluations were carried out over three years (2015, 2016 and 2017). SPS shading reduced
herbage mass, tiller density and soil cover over the years. In the marandu palisade grass in the SPS there was a greater
stem proportion, which favoured lesser potential digestible dry matter in the first year. Even with a higher amount of stem,
higher crude protein concentration and minerals were observed in the SPS. Due to the high density of trees, excessive
shading accelerated the process of degradation of the pasture, which demonstrates that planning of the spatial
arrangement of tree species is crucial.

Keywords forest, integration, shading

RESUMO A densidade de érvores é um aspecto importante no planejamento de sistemas silvipastoris (SPS), uma vez
que a baixa luminosidade pode limitar a perenidade da forragem, principalmente para forrageiras tropicais de metabolismo
C4. O objetivo com este estudo foi verificar se um SPS com alta densidade de arvores acelera o processo de degradagao
da pastagem e altera a composi¢do quimica da forragem. O experimento foi realizado comparando a pastagem de capim-
marandu [Urochloa brizantha (Hochst. ex A. Rich.) R. D. Webster] em dois sistemas: silvipastoril e pastagem aberta. No
SPS foi plantada teca (Tectona grandis) com densidade de 750 arvores ha'. As avaliagbes foram realizadas ao longo de
trés anos (2015, 2016 e 2017). O sombreamento SPS reduziu a massa de forragem, a densidade de perfilhos e a cobertura
do solo ao longo dos anos. No capim-marandu no SPS houve maior propor¢do de colmos, o que favoreceu menor
potencial digestivel de matéria seca no primeiro ano. Mesmo com maior quantidade de colmo, maior concentragéo de
proteina bruta e minerais foram observados no SPS. Devido a alta densidade de arvores, o sombreamento excessivo
acelerou o processo de degradagdo da pastagem, o que demonstra que o planejamento da ordenagao espacial das
espécies arbéreas é fundamental.

Palavras-chave floresta, integragdo, sombra

1. Introduction

Integrated production between silviculture and livestock increases sustainability in the system
through nutrients cycling (Salton et al., 2014; Hoosbeek et al., 2018), improving land use capacity,
which reduces the demand for native areas opening. Nutrient cycling mitigates the use of fertilizers
and inputs (Xavier et al., 2011), which is important from an environmental and economic perspective.
In addition, there are mutual benefits for animals and trees (Pontes et al., 2018; Améndola et al.,
2019), which contributes to the system being environmentally sustainable and economically viable.
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The exploration of secondary attributes of agroforestry generated by ecosystem diversification,
helps producers in the inputs production from litter deposition in the soil, providing an increase in soil
biodiversity, besides generating extra income from wood exploitation (Paciullo et al., 2017). Forage
species may benefit from increased nutritive value, mainly by increasing leaf/stem ratio of shaded
plants (Lima et al., 2019), which may benefit grazing animals. Possible benefits found in forage
species in SPS should be better studied and explored.

In order for the SPS to have more synergistic interactions, it is necessary to carry out careful
planning, especially regarding the forage choice and the spacing used in the forest (Rodrigues et al.,
2016; Paciullo et al., 2017). This is particularly important because luminosity is a limiting factor for
forage perenniality of forage grasses, especially those of C4 metabolism, which are the most
common in tropical farming systems.

Light incidence can be altered by some factors such as tree spacing, arboreal component
selection as a function of canopy characteristics, management by thinning and selecting forage
species that are more tolerant to shading (Santos et al., 2016). As a result of the shade projected by
SPS treetops, forages reduce tillering and productivity (Abraham et al., 2014; Paciullo et al., 2017;
Faria et al., 2018), accelerating the pasture degradation process.

In systems with high tree density, these effects that reduce forage development are more
accentuated due to the high interception of light by the trees, which can reduce the life cycle of
grazing system. In this context, the objective with this study was to verify if an SPS with high tree
density accelerates the pasture degradation process and changes forage chemical composition. The
introduction should briefly state the context of the study and why it is important. The current state of
the research must be carefully reviewed, and key publications must be cited. At the end of the
introduction, the purpose of the work must be clear. Please keep the introduction comprehensible
for scientists from different fields of research.

2. Material and methods

The experiment was carried out in Indiavai, Mato Grosso, Brazil (15°27 'S, 58°34'W; altitude
of 194 m), in a system with Marandu palisade grass in open pasture and integration with teak, with
a total area of 5 ha. The experimental period covered three consecutive years: 2015 (1%t year), 2016
(2" year) and 2017 (3" year).

The climate of the region, according to Koppen classification, is Aw characterized as tropical
humid, with rainy summer and dry winter, with average annual precipitation of 1503 mm. The soil is
classified as Red-Yellow Ultisol (Brasil, 2009).

The experimental area was established with marandu palisade grass in 1998. In January 2009,
part of the pasture was desiccated for teak implantation in spacing of 3 m between trees, 4 m
between rows, and a spacing of 6 m between every five rows, which guaranteed a population of 750
trees ha™. Parallel to tree development was reestablishment of marandu palisade grass between
rows, establishing the SPS. The open pasture system (OP) was defined as marandu palisade grass
in full sun, without the arboreal component. The design was completely randomized, with two
treatments (SPS and OP) and 12 replicates.

In the SPS, the pruning was performed when the trees reached seven meters. In January
2015, thinning was carried out, removing 40% of the trees. The grazing system adopted was
alternating intermittent stocking, with 75 Nellore heifers, with a mean weight of 315 kg, receiving
mineral salt and water ad libitum. Animals were removed from both systems in February of each
experimental year, considering a height of residue of 30 cm.

In all years, 40 d after animals were introduced, simultaneous evaluation of forage and soil
sampling was carried out. A soil sample was collected near each forage sampling site. The samples
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collected in each system were homogenized for the chemical and granulometric analysis (Teixeira
et al., 2017; Table 1). There was no fertilization in the area during the experimental period.

Twelve samples were collected at 20 cm of height, in locations representative of the average
canopy height in each system, using a metal frame (0.25 m?). After cutting, forage was weighed and
separated into two subsamples. A subsample was submitted to drying in a forced air circulation oven
at 55 + 5°C, for 72 h to obtain dry weight and forage mass (FM). The other subsample was used to
determine botanical composition (weed separation) and the morphological components: leaf (leaf
blades), stem (stem + sheath) and dead material.

Table 1 — Chemical and granulometric characterization of the soil, in the 0—20 cm layer.

pH P K Ca Mg H+AI T oM v
System
CaClz mg dm-3 cmol dm-3 g dm-3 %
1st year
OP 54 104 90.0 3.3 07 2.3 6.5 21.0 64.5
SPS 5.7 12.2  66.0 3.5 0.5 1.5 5.7 15.0 73.5
2nd year
OoP 5.6 21.0 936 3.0 11 2.3 6.6 27.9 65.7
SPS 5.7 16.1 65.4 32 1.2 2.3 6.8 28.7 66.4
3 year
OoP 5.5 23.8 832 26 1.0 2.6 6.4 271 59.5
SPS 5.8 28.1 78.0 45 1.6 2.2 8.5 35.8 74.6

OP: open pasture; SPS: silvopastoral; pH: hydrogenation potential; P (Mehlich-'): phosphorus; K: potassium; Ca: calcium;
Mg: magnesium; H + Al: hydrogen + aluminum; T: cation exchange capacity at pH 7; OM: organic matter; V: base saturation.

Chemical composition analyses were performed on the subsamples collected for FM
evaluation. Samples were ground in a Willey mill with 1.0 mm mesh and subjected to analysis of dry
matter (DM), crude protein (CP) and mineral matter (MM), according to Silva and Queiroz (2002);
neutral detergent insoluble fiber (NDF) and neutral detergent fiber corrected for ash and protein
(NDFap; Mertens, 2002); acid detergent insoluble fiber (ADF; van Soest et al., 1991); and
indigestible neutral detergent fiber (iNDF), according to Valente et al. (2011), quantified by in situ
incubation procedures with Ankon® bags (F57) for 288 hours in samples sieved at 2 mm.

In order to evaluate the degradation level of marandu palisade grass protein, the CP content
in the wall and in the cellular content was estimated at the beginning and at the end of the three
years under shading. Ground samples were submitted for analysis of neutral detergent insoluble
protein (NDIP; Silva and Queiroz, 2002), which was designated crude protein in cell wall (CPcw).
Fast digestion fractions, being non-protein nitrogen (NPN) and true protein not associated with cell
wall, were quantified by the difference between CP and NDIP, which was designated crude protein
in cellular content (CPcc).

Potentially digestible dry matter (DMpd) was estimated according to the following equation
(Paulino et al., 2008):

DMpd = 0.98 (100 — NDFap) + (NDFap — iNDF)

Revista Brasileira de Saude e Produgdo Animal, v. 25, Article e20230006, 2024. 30f10



Monteiro et al. High-density trees in silvopastoral system

To assess pasture degradation, the following were evaluated: FM, forage participation (Pfor),
and soil cover as described by Bauer et al. (2004). Tiller density (TD) was estimated by counting the
tillers present in a 0.30 x 0.30 m (0.09 m?) metal frame. In each year, all these evaluations were
repeated 12 times in each system.

Data were analyzed using the PROC MIXED in SAS software (SAS Institute Inc., Cary, North
Carolina, USA) with a model that included system, year (time-repeated measure) and its interaction,
as fixed effect, as follows the model:

Yix = expected response; u = average / general constant, associated with the experiment; Sjj; = fixed
effect of system i; e; = error associated with system i, NID (0, 02e); A« = fixed effect of year k ~ ND
(0, 02A); SAi = effect of system and year interaction; €« = experimental error ~ ND (0, 02€).

Quantile-quantile graphs and Shapiro-Wilk test were used to verify the residue normality and,
if necessary, discrepant data withdrawals were performed. Covariance structure was chosen based
on the Akaike Information Criterion (AIC; Wolfinger and O’Connell, 1993). Least squares mean of
treatments were compared by Tukey-Kramer test (P < 0.05).

3. Results

There was interaction year*system for FM (P = 0.0007) and foliar leaf mass (MFol; P = 0.0075).
In the third year, FM and MFol were lesser in SPS compared to OP (Table 2). Weed mass increased
(P = 0.0002) over the years, independently of the evaluated system, with averages of 0.0, 80, and
220 kg DM ha for the first, second, and third year, respectively.

Table 2 — Forage and leaf mass of marandu palisade grass in open pasture (OP) and silvopastoral system
(SPS) in three consecutive years (2015, 2016, 2017).

Treatments

Year oP SPS SEM
kg DM ha"'
Forage mass
1 3080 A2 2580 Aa 195
2 1620 A0 1620 A0 167
3 1750 A0 420 Be 179
SEM 180 174
Leaf mass
1 1700 A2 1260 A2 109
2 1170 Ap 840 Ap 99
3 1150 Ap 290 Be 99
SEM 102 102

Means followed by different letters, upper case in the row and lowercase in column differ by Tukey-Kramer test (P < 0.05);
DM: dry matter; SEM: standard error of the mean.

For morphological composition variables, year*system interaction was significant (P < 0.0001;
Table 3). In the first year there was the same proportion of leaf blades in OP and SPS. Leaf blade
ratio was higher in OP in the second year and greater in SPS in the third year. In SPS, stem
participation was higher than in OP system from the second year evaluation. The percentage of dead
material was lower in SPS only in the third year.
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Table 3 — Leaf (leaf blade), stem (stem + sheath) and dead material ratios of Marandu palisade grass in open
pasture (OP) and silvopastoral system (SPS) in three consecutive years (2015, 2016, 2017).

Treatments

Year SEM
OP SPS
g kg' DM
Leaf
1 538 Ab 489 Ab 26.1
2 733 Aa 524 Bb 23.3
3 580 Bb 729 Aa 24.2
SEM 24.5 24.8
Stem
1 276 ha 342 Aa 16.8
2 190 Bb 395 Aa 15.1
3 152 Bb 210 Ab 15.6
SEM 15.8 16.2
Dead material
1 186 A2 169 Aa 23.7
2 77 Ao 81 Aab 21.2
3 268 Aa 61 BP 22.0
SEM 22.0 22.6

Means followed by different letters, upper case in the row and lowercase in column differ by Tukey-Kramer test (P < 0.05);
DM: dry matter; SEM: standard error of the mean.

The effect of year*system interaction was significant for NDF (P < 0.0001), CP (P = 0.0050)
and ADF (P < 0.0001; Table 4). Mineral matter (MM) differed only between systems (P < 0.0001),
with a mean of 94.3 and 101.0 g kg™' DM for OP and SPS, respectively. Higher levels of NDF were
observed for the OP system. Marandu palisade grass in SPS presented higher CP levels in all
evaluated years. ADF was higher in the first year for forage in SPS and reduced over the years for
both systems.

Shading altered the fractions of CPcw (P = 0.0382), CPcc (P =0.0263) and DMpd (P =0.0108;
Table 5) of marandu palisade grass. In the first year, marandu palisade grass SPS presented greater
CPcw and CPcc, however, in the third year, there was an increase only in CPcc content. Marandu
palisade grass in OP, in the first year, obtained a greater DMpd concentration, however, in the last
year there was no difference between OP and SPS.

There was a year*system interaction for TD (P < 0.0001) and Pfor (P = 0.0046; Table 6). For
soil cover, there was a significant difference between system (P < 0.0001) with a mean of 91 and
58% for the OP and SPS, respectively. Shading reduced tillering of marandu palisade grass in the
second year.

4. Discussion

In the first year of evaluation, thinning was performed on the tree component, removing 40%
of the trees, which explains the productivity equality between SPS and OP (Table 2). In the other
years, both systems reduced productivity, which may be associated with a lack of nutrient
replacement in the soil. The greater FM production of the OP can be attributed to the conditions
more favorable to accumulation of dry mass in this system, since in the SPS there was more intense
shading, which implied a reduction in the amount of light (Santos et al., 2016; Geremia et al., 2018).

Changes in light environment can result in adaptive changes in plants, to maintain their growth
and development. Depending on the levels of reduction in incident solar radiation, forages may
decrease their yield (Santos et al., 2018). Changes in patterns of photosynthetically active radiation
(PAR) of SPS, change the light spectrum (red:far red) incident on forage grasses (Yang et al., 2018),

Revista Brasileira de Saude e Produgdo Animal, v. 25, Article e20230006, 2024. 50f10



Monteiro et al. High-density trees in silvopastoral system

thus, much of the wavelength in the range from blue to red is absorbed by the treetops leaves,
altering the amount and quality of PAR that the forage would use for its growth (Baldassini et al.,
2018).

Table 4 — Neutral detergent fiber (NDF), crude protein (CP) and acid detergent fiber (ADF) of marandu palisade
grass in open pasture (OP) and silvopastoral system (SPS) in three consecutive years (2015, 2016, 2017).

Treatments
Year oP SPS SEM
g kg' DM
NDF
1 653 Ac 655 Ab 5.19
2 750 Aa 694 Ba 4.51
3 702 Ab 645 Bb 4.65
SEM 4.78 4.78
CP
1 57 Be 83 Ac 2.53
2 82 Be 122 Ab 2.15
3 121 Ba 157 Aa 2.22
SEM 2.34 2.31
ADF
1 409 Ba 443 Aa 4.25
2 397 Aa 395 Ab 3.71
3 326 Ab 317 Ac 3.82
SEM 3.91 3.91

Means followed by different letters, upper case in the row and lowercase in column differ by Tukey-Kramer test (P < 0.05);
DM: dry matter; SEM: standard error of the mean.

Table 5 — Crude protein in cell wall (CPcw), crude protein in cellular concentration (CPcc) and potentially
digestible dry matter (DMpd) of marandu palisade grass in open pasture (OP) and silvopastoral system (SPS)
in the first and last year (year 3) of evaluation.

Treatments

Year oP SPS SEM
g kg DM
CPcw
1 8.9 Bb 17.0 Ab 213
3 34.5 Aa 38.9 Aa 1.83
SEM 1.95 1.95
CPcc
1 48.1 Bb 65.6 Ap 3.55
3 89.2 Ba 118.2 Aa 3.1
SEM 3.30 3.30
DMpd
1 802 Aa 769 Ba 7.88
3 775 Ab 781 Aa 6.75
SEM 7.25 7.25

Means followed by different letters, upper case in the row and lowercase in column differ by Tukey-Kramer test (P < 0.05);
DM: dry matter; SEM: standard error of the mean.

In addition to the reduction in FM during the evaluation years, weeds appeared. This increase
was gradual over the years, demonstrating that to prolong the perennial pasture, management
practices and nutrient replacement should be prioritized, regardless of the system used. The lack of
nutrient replacement caused by the fertilization restriction interfered with the productivity of leaf
blades over the years (Table 2).

Due to the elongation of the stem in the SPS in relation to the OP, the stem proportion was
higher, from the second year. Stem elongation is a mechanism by which the plant seeks light by
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raising its leaves in the canopy (Carnevalli et al., 2006; Peri et al., 2006), possibly leading to a lower
proportion of leaves and a higher proportion of stem in SPS. Besides that, stem proportion interferes
in nutritive value of the forage, reducing digestibility and CP content (Paciullo et al., 2007).

Table 6 — Tiller density (TD, tiller m?), forage participation (Pfor, %) of marandu palisade grass in open pasture
(OP) and silvopastoral system (SPS) in three consecutive years (2015, 2016, 2017).

Year Treatments SEM
OoP SPS
TD
1 509 Ab 429 Aa 36.40
2 890 Aa 283 Bb 32.55
3 944 Aa 474 Ba 32.55
SEM 33.83 33.55
Pfor
1 98 Aa 88 Aa 4.56
2 94 ha 73 Ba 4.07
3 94 ha 55 Bb 4.07
SEM 4.23 4.12

Means followed by different letters, upper case in the row and lowercase in column differ by Tukey-Kramer test (P < 0.05);
SEM: standard error of the mean.

The SPS presented a higher proportion of stem in relation to the OP, besides a lower proportion
of dead material, in the third year (Table 3). The high density of trees leads to the light incident
reduction on the canopy, leading to a reduction of leaf to stem ratio (Baldissera et al., 2016). In
addition, forages that develop in OP present higher photosynthetic rates than shaded forage. The
reduction of photosynthetic rates in these shaded leaves decreases the tissue renewal processes in
the plant and may lead to reduction of dead material in FM (Lopes et al., 2017; Lima et al., 2019).

Despite the greater stem elongation, SPS presented higher CP levels, which is associated with
lower FM production (Table 2). As a result of low productivity in the shaded system, nutrient
concentration is higher (Soares et al., 2009), a factor also observed in minerals, which justifies the
greater amount of MM in shaded forage.

Other factors contribute to the increase of CP levels in shaded forages, such as the effect of
nitrogen dynamics on soil, since the increase in soil moisture accelerates the recycling of this
nutrient, which may lead to increases in CP levels (Wilson, 1996) and the smaller cells size caused
by the reduction in the amount of light may increase the concentration of N in leaves (Kephart and
Buxton, 1993). Belesky et al. (2006) reported that plants grown under shade tend to be metabolically
younger than plants grown in full sun and thus remain physiologically younger and with better
nutritional value.

In the first and third year of evaluation, increases in CPcc concentration were observed in the
SPS (Table 5). This fraction of CP is associated with a rapid and intermediate rate of degradation,
corresponding to NPN and true non-cell wall associated protein (Licitra et al., 1996). In the third year,
there was no change in the contents of CPcw, demonstrating that SPS with high tree density did not
provide changes in the nitrogen dynamics associated with the cell wall. The shading provided a
greater CP content of fast and intermediate degradation, which could lead to a mismatch between
the degradation of the fast digestion protein and the fibrous carbohydrates present in the forage.

Highest NDF concentration for OP system may be associated with the proportion of
sclerenchyma tissue, which is greater in full sun (Deinum et al., 1996). Studies indicate that the light
incidence activates the genes expression associated with lignin synthesis, which promotes
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lignification and wall stiffening (Rogers et al., 2005; Moura et al., 2010). Lower levels of NDF in
shaded environments are associated with possible restriction of photo assimilates, leading to the
reduction of secondary cell wall (Kephart and Buxton, 1993).

Due to the alteration in physiological mechanisms of forage with light restriction, it is suggested
that the ADF concentration in OP and SPS forages are similar but occur for different reasons. In the
OP, the highest photosynthetic activity, cell wall thickening and lignification in all plant tissues (leaves
and stem) occurs faster, since lignin is synthesized by secondary metabolism and is more intense
the greater the photosynthetic activity (Chapman et al., 2014). In shaded forage, stem elongation
due to the light restriction causes a lower rate of leaf appearance (Baldissera et al., 2016), because
the stem is a more lignified forage structure, with a higher content of ADF and lower digestibility
(Paciullo et al., 2007), compared to leaf blade.

Shading minimized TD of marandu palisade grass in the second year (Table 6). Tillering is
influenced by the amount and quality of light, since for phytochrome activation, pigment responsible
for tiller emission, the presence of red-light band is necessary (Williamson et al., 2012). As a result
of the decline in the mass production of forage canopy, a higher incidence of light at the canopy base
is expected, inducing the tillering of the forage plant as a strategy to mitigate the degradation process
(Santana et al., 2016). In the second year, there was an increase in TD in the OP, explained by the
FM reduction (Table 1). TD in shaded environments may reduce to the detriment of the formation of
new tillers (Paciullo et al., 2017; Lima et al., 2019).

Lower soil cover in SPS was observed in all years, compared to forage in OP system, which
is justified by the lesser TD, resulting from shading. This lower soil cover leads to a greater weed
emergence, which reduces Pfor, also evidenced in this study (Table 6).

Thus, in systems with high tree density, rapid pasture degradation is observed, since there is
a reduction in HM, TD, soil cover and Pfor. Therefore, the planning of the spatial arrangement of the
trees is fundamental for the system perenniality. In addition, under high shading conditions, changes
in CP content and DMpd occur, which may require nutritional adjustments through supplementation
to optimize fiber degradation.

5. Conclusions

Despite the increase in nutritive value, continuous tree growth and the intensification of the
shading over the years, even with thinning, results in pasture degradation, with reduction in forage
mass and tropical forage tillering. Thus, systems with high tree density provide low luminosity, which
reduces the life cycle of silvopastoral system.

References

Abraham, E. M., Kyriazopoulos, A. P., Parissi, Z. M., Kostopoulou, P., Karatassiou, M., Anjalanidou, K., & Katsouta, C.
(2014). Growth, dry matter production, phenotypic plasticity, and nutritive value of three natural populations of Dactylis
glomerata L. under various shading treatments. Agroforestry Systems, 88(2), 287—-299. https://doi/org/10.1007/s10457-
014-9682-9.

Améndola, L., Solorio, F. J., Ku-Vera, J. C., Améndola-Massioti, R. D., Zarza, H., Mancera, K. F., & Galindo, F. (2019). A
pilot study on the foraging behaviour of heifers in intensive silvopastoral and monoculture systems in the tropics. Animal,
13(3), 606—616. https://doi.org/10.1017/S1751731118001532.

Baldassini, P., Desposito, C., Pifieiro, G., & Paruelo, J. M. (2018). Silvopastoral systems of the Chaco forests: Effects of
trees on grass growth. Journal of Arid Environments, 156, 87-95. https://doi.org/10.1016/j.jaridenv.2018.05.008.

Baldissera, T. C., Pontes, L. S., Giostri, A. F., Barro, R. S., Lustosa, S. B. C., de Moraes, A., & Carvalho, P. C. F. (2016).
Sward structure and relationship between canopy height and light interception for tropical C4 grasses growing under
trees. Crops & Pasture Science, 67(11), 1199-1207. htips://doi.org/10.1071/CP16067.

Revista Brasileira de Saude e Produgdo Animal, v. 25, Article e20230006, 2024. 8 of 10


https://doi/org/10.1007/s10457-014-9682-9
https://doi/org/10.1007/s10457-014-9682-9
https://doi.org/10.1017/S1751731118001532
https://doi.org/10.1016/j.jaridenv.2018.05.008
https://doi.org/10.1071/CP16067

Monteiro et al. High-density trees in silvopastoral system

Belesky, D. P., Chatterton, N. J., & Neel, J. P. S. (2006). Dactylis glomerata growing along a light gradient in the central
appalachian region of the eastern USA: Ill. Nonstructural carbohydrates and nutritive value. Agroforestry Systems, 67,
51-61. https://doi.org/10.1007/s10457-005-1112-6.

Bauer, M. O., Souza, A. L., & Domingues, A. N. (2004). Recuperacgédo de pastagens. Cuiaba, MT. p. 88.

Brasil. (2009). Instituto Brasileiro de Geografia e Estatistica. Estado de Mato Grosso. Pedologia. Mapa Exploratério de
Solos. Retrieved from: https://geoftp.ibge.gov.br/informacoes_ambientais/
pedologia/mapas/unidades_da_federacao/mt_pedologia.pdf. Accessed May, 13, 2024.

Carnevalli, R. A, da Silva, S. C., Bueno, A. A. O., Uebele, M. C., Bueno, F. O., Hodgson, J., Silva, G. N., & Morais, J. P.
G. (2006). Herbage production and grazing losses in Panicum maximum cv. Mombaca under four grazing
managements. Tropical Grasslands, 40, 165-176.

Chapman, D. F,, Lee, J. M., & Waghorn, G. C. (2014). Interaction between plant physiology and pasture feeding value: A
review. Crop & Pasture Science, 65(8), 721-734. https://doi.org/10.1071/CP13379.

Deinum, B., Sulastri, R., Zeinab, M. H., & Maasen, A. (1996). Effect of light intensity on growth; anatomy and forage quality
of two tropical grasses (Brachiaria brizantha and Panicum maximum var. trichoglume). Netherlands Journal of
Agricultural Science, 44(2), 111-124. https://doi.org/10.18174/njas.v44i2.551.

Faria, B. M., Morenz, M. J. F., Paciullo, D. S. C., Lopes, F. C. F., & Gomide, C. A. M. (2018). Growth and bromatological
characteristics of Brachiaria decumbens and Brachiaria ruziziensis under shading and nitrogen. Revista Ciéncia
Agronémica, 49(3), 529-536. https://doi.org/10.5935/1806-6690.20180060.

Geremia, E. V., Crestani, S., Mascheroni, J. D. C., Carnevalli, R. A., Mouréo, G. B., & da Silva S.C. (2018). Sward structure
and herbage intake of Brachiaria brizantha cv. Piata in a crop-livestock-forestry integration area. Livestock Science,
212, 83-92. https://doi.org/10.1016/].livsci.2018.03.020.

Hoosbeek, M. R., Remme, R. P., & Rusch, G. M. (2018). Trees enhance soil carbon sequestration and nutrient cycling in
a  silvopastoral system in  south-western  Nicaragua.  Agroforestry  Systems, 92, 263-273.
https://doi.org/doi:10.1007/s10457-016-0049-2.

Kephart, K. D., & Buxton, D. R. (1993). Forage quality responses of C3 and C4 perennial grasses to shade. Crop Science,
33(4), 831-837. https://doi.org/10.2135/cropsci1993.0011183X003300040040x.

Licitra, G., Hernandez, T., & van Soest, P. (1996). Standardization of procedures for nitrogen fractionation of ruminant
feeds. Animal Feed Science and Technology, 57(4), 347—-358. https://doi.org/10.1016/0377-8401(95)00837-3.

Lima, M., Paciullo, D. S., Morenz, M. J. F., Gomide, C. A., Rodrigues, R. A., & Chizzotti, F. H. (2019). Productivity and
nutritive value of Brachiaria decumbens and performance of dairy heifers in a long-term silvopastoral system. Grass
and Forage Science, 74(1), 160-170. https://doi.org/10.1111/gfs.12395.

Lopes, C. M., Paciullo, D. S. C., Araujo, S. A. C., Gomide, C. A. M., Morenz, M. J. F., & Villela, S. D. J. (2017). Massa de
forragem; composicdo morfolégica e valor nutritivo de capim-braquiaria submetido a niveis de sombreamento e
fertilizagc&o. Arquivo Brasileiro de Medicina Veterinaria e Zootecnia, 69(1), 225-233. https://doi.org/10.1590/1678-4162-
9201.

Mertens, D. R. (2002). Gravimetric determination of amylase-treated neutral detergent fiber in feeds with refluxing in
beakers or crucibles: collaborative study. Journal of AOAC Internacional, 85(6),1217-1240.

Moura, J. C. M. S., Bonine, C. A. V,, Viana, J. O. F,, Dornelas, M. C., & Mazzafera, P. (2010). Abiotic and biotic stresses
and changes in the lignin concentration and composition in plants. Journal of Integrative Plant Biology, 52(4), 360-376.
https://doi.org/10.1111/.1744-7909.2010.00892.x.

Paciullo, D. S. C., Carvalho, C. A. B., Aroeira, L. J. M., Morenz, M. J. F.,, Lopes, F. C., & Rossiello, R. O. P. (2007).
Morfofisiologia e valor nutritivo do capim-braquiéria sob sombreamento natural e a sol pleno. Pesquisa Agropecuaria
Brasileira, 42(4), 573-579. https://doi.org/10.1590/S0100-204X2007000400016.

Paciullo, D. S. C., Pires, M. F. A., & Miiller, M. D. (2017). Opportunities and challenges of integrated systems in animal
production: emphasis on silvopastoral systems. Archivos Latinoamericanos de Produccion Animal, 25(1-2), 25-35.

Paulino, M. F., Detmann, E., & Valadares Filho, S. C. (2008). Functional cattle in the tropics. In: Symposium of Beef Cattle
Production, 6th International Symposium of Beef Cattle Production. Vigosa, MG. p. 275-305.

Peri, P. L., Moot, D. J., & McNeil, D. L. (2006). Validation of a canopy photosynthesis model for cocksfoot pastures grown
under different light regimes. Agroforestry Systems, 67, 259-272. https://doi.org/10.1007/s10457-005-3825-y.

Revista Brasileira de Saude e Produgéo Animal, v. 25, Article €20230006, 2024. 9 of 10


https://doi.org/10.1007/s10457-005-1112-6
https://doi.org/10.1071/CP13379
https://doi.org/10.18174/njas.v44i2.551
https://doi.org/10.5935/1806-6690.20180060
https://doi.org/10.1016/j.livsci.2018.03.020
https://doi.org/doi:10.1007/s10457-016-0049-2
https://doi.org/10.2135/cropsci1993.0011183X003300040040x
https://doi.org/10.1016/0377-8401(95)00837-3
https://doi.org/10.1111/gfs.12395
https://doi.org/10.1590/1678-4162-9201
https://doi.org/10.1590/1678-4162-9201
https://doi.org/10.1111/j.1744-7909.2010.00892.x
https://doi.org/10.1590/S0100-204X2007000400016
https://doi.org/10.1007/s10457-005-3825-y

Monteiro et al. High-density trees in silvopastoral system

Pontes, L., Barro, R. S., Savian, J. V., Berndt, A., Moletta, J. L., Porfirio-da-Silva, V., Bayer, C., & Carvalho, P. C. F. (2018).
Performance and methane emissions by beef heifer grazing in temperate pastures and in integrated crop-livestock
systems: The effect of shade and nitrogen fertilization. Agriculture, Ecosystems and Environment, 253(1), 90-97.
https://doi.org/10.1016/j.agee.2017.11.009.

Rodrigues, M. O. D., Santos, A. C., Santos, P. M., Sousa, J. T. L., Alexandrino, E., & Santos, J. G. D. (2016). Mombasa
grass characterisation at different heights of grazing in an intercropping system with Babassu and monoculture.
Semina: Ciéncias Agrarias, 37(4), 2085—2098. https://doi.org/10.5433/1679-0359.2016v37n4p2085.

Rogers, L. A., Dubos, C., Cullis, I. F., Surman, C., Poole, M., Willment, J., Mansfield, S. D., & Campbrll, M. M. (2005). Light,
the circadian clock, and sugar perception in the control of lignin biosynthesis. Journal of Experimental Botany, 56(416),
1651-1663. https://doi.org/10.1093/jxb/eri162.

Salton, J. C., Mercante, H. M., Tomazi, M., Zanatta, J. A., Concenco, G., Silva, W. M., & Retore, M. (2014). Integrated crop-
livestock system in tropical Brazil: Toward a sustainable production system. Agriculture, Ecosystems and Environment,
190(1), 70-79. https://doi.org/10.1016/j.agee.2013.09.023.

Santana, S. S., Brito, L. F., Azenha, M. V,, Oliveira, A. A., Malheiros, E. B., Ruggieri, A. C., & Reis, R. A. (2016). Canopy
characteristics and tillering dynamics of Marandu palisade grass pastures in the rainy—dry transition season. Grass and
Forage Science, 72(2), 261-270. https://doi.org10.1111/gfs.12234.

Santos, D. C., Guimaraes Junior, R., Vilela, L., Pulrolnik, K., Bufon, V. B., & Franga, A. F. S. (2016). Forage dry mass
accumulation and structural characteristics of Piatd grass in silvopastoral systems in the Brazilian savannah.
Agriculture, Ecosystems and Environment, 233(3), 16—24. https://doi.org/10.1016/j.agee.2016.08.026.

Santos, D. C., Guimaraes Junior, R., Vilela, L., Maciel, G. A., & Franga, A. F. S. (2018). Implementation of silvopastoral
systems in Brazil with Eucalyptus urograndis and Brachiaria brizantha: Productivity of forage and an exploratory test
of  the animal response. Agriculture, Ecosystems and Environment, 266(1), 174-180.
https://doi.org/10.1016/j.agee.2018.07.017.

Silva, D. J., & Queiroz, A. C. (2002). Analise de alimentos: métodos quimicos e biolégicos. UFV, Vigosa, Brazil, 2002.
235p.

Soares, A. B., Sartor, L. R., Adami, P. F,, Varella, A. C., Fonseca, L., & Mezzalira, J. C. (2009). Influence of luminosity on
the behavior of eleven perennial summer forage species. Revista Brasileira de Zootecnia, 38(3), 443—-451.
https://doi.org/10.1590/S1516-35982009000300007.

Teixeira, P. C., Donagemma, G. K., Fontana, A., & Teixeira, W. G. (2017). Manual de métodos de analise de solo. Embrapa,
Brasilia, Brazil, 2017. 574p.

van Soest, P. J., Robertson, J. B., & Lewis, B. A. (1991). Methods for dietary fiber, neutral detergent fiber, and nonstarch
polysaccharides in relation to animal nutrition. Journal of Dairy Science, 74(10), 3583-3597.
https://doi.org/10.3168/jds.S0022-0302(91)78551-2.

Valente, T. N. P, Detmann, E., Valadares Filho, S.C., Cunha, M., Queiroz, A. C., & Sampaio, C. B. (2011). In situ estimation
of indigestible compounds concentrations in cattle feed and feces using bags made from different textiles. Revista
Brasileira de Zootecnia, 40(3), 666—675. https://doi.org/10.1590/S1516-35982011000300027.

Williamson, M. M., Wilson, G. W. T., & Hartnett, D. C. (2012). Controls on bud activation and tiller initiation in C3 and C 4
tallgrass prairie grasses: the role of light and nitrogen. Botany, 90(12), 1221-1228. https://doi.org/10.1139/b2012-091.

Wilson, J. R. (1996). Shade-stimulated growth and nitrogen uptake by pasture grasses in a subtropical environment.
Australian Journal of Agricultural Research, 47(7), 1075-1093. https://doi.org/10.1071/AR9961075.

Wolfinger, R., & O’Connell, M. (1993). Generalized linear mixed models: A pseudo-likelihood approach. Journal of
Statistical Computation and Simulation, 48(3), 233-243. https://doi.org/10.1080/00949659308811554.

Xavier, D., Lédo, F. J., Paciullo, D. S., Pires, M. F., & Boddey, R. (2011). Litter dynamics in signal grass pastures in a
silvipasture system and in monoculture. Pesquisa Agropecuaria Brasileira, 46(10), 1214-1219.
https://doi.org/10.1590/S0100-204X2011001000014.

Yang, F., Feng, L., Liu, Q., Wu, X,, Fan, Y,, Raza, M. A., Cheng, Y., Chen, J., Wang, X,, Yong, T., Liu, W., Liu, J., Du, J.,
Shu, K., & Yang, W. (2018). Effect of interactions between light intensity and red-to-far-red ratio on the photosynthesis
of soybean leaves under shade condition. Environmental Experimental Botany, 150. 79-87.
https://doi.org/10.1016/j.envexpbot.2018.03.008.

Revista Brasileira de Saude e Produgéo Animal, v. 25, Article €20230006, 2024. 10 of 10


https://doi.org/10.1016/j.agee.2017.11.009
https://doi.org/10.5433/1679-0359.2016v37n4p2085
https://doi.org/10.1093/jxb/eri162
https://doi.org/10.1016/j.agee.2013.09.023
https://doi.org10.1111/gfs.12234
https://doi.org/10.1016/j.agee.2016.08.026
https://doi.org/10.1016/j.agee.2018.07.017
https://doi.org/10.1590/S1516-35982009000300007
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1590/S1516-35982011000300027
https://doi.org/10.1139/b2012-091
https://doi.org/10.1071/AR9961075
https://doi.org/10.1080/00949659308811554
https://doi.org/10.1590/S0100-204X2011001000014
https://doi.org/10.1016/j.envexpbot.2018.03.008

