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ABSTRACT—-The association between pasture and tree is known as silvopastoral systemAi(s&sat
evaluating the forage produced in these systems, an experiment was conducted in Lagoa Santa, Minas Gerais,
Brazil, 1935’36” S, 4351'56" W, altitude 747mThe system has been under development since 1984,
through the natural regeneration of pioneer trees, adié¢lyberia tubezulosaVell. Bur. species which are

native to the Brazilian savanrBrachiaria brizanthacv. Marandu (BBM) was the chosen forage and was
collected in Jan 2006, a typical month of hydric stress. The production was assessed in terms of quantity
and quality In the density studied, 160 trees'htthe presence of trees in pastures of B&Msed no reduction

in dry matter production (DMP) from forage. Tree components reduced the weather stress and enhanced
the nutritional aspects of forage, increasing the crude protein (CP), phosphorus (P), and potassium (K) levels.
Trees did not influence the calcium @aneutral detergent fiber (NDF), acid detergent fiber (ADF), and
lignin levels.Therefore, the SPS showed the potential to extend the forage quality availability
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INFLUENCIA DO SISTEMA SILVIPASTORIL NOS PARAMETROS DA
PASTAGEM NO CERRADO BRASILEIRO

RESUMO-A associagado entre pastagem e arvore é conhecida como sistema silvipastoril (SPS). O objetivo
do estudo foi avaliar a forragem produzida nestes sistemas. O experimento foi conduzido em Lagoa Santa,
Minas Gerais, Brasil, 1935 ‘36" de latitude sul e £3%1' 56' de longitude oeste, em altitude de 747m.

O sistema vem sendo desenvolvido desde 1984, por meio da regeneracgado natural de arvores pioneiras, do
Zeyheria tuberculoseell. Bur, espécie nativa do cexdo brasileio. A Brachiaria brizanthav. Marandu

(BBM) foi a forrageira escolhida. Esta foi coletada em janeiro de 2006, um més tipico de estresse hidrico.
A producao foi avaliada em termos de quantidade e qualidade. Na densidade estudada, 160 arvores ha
1, a presenca de arvores em pastagens de BBM né&o causou reducdo na producado de matéria seca (PMS)
de forragem. Os componentes da arvore reduziram o estresse climatico e incrementaram aspectos nutricionais
da forragem, aumentando a proteina bruta (PB), fosforo (P) e potassio (K). Arvores néo influenciaram os
teores de calcio (Ca), fibra em detergente neutro (FDN), fibra em detergente acido (FDA) e lignina. Portanto,

0 SPS mostrou o potencial de aumentar a disponibilidade de forragem de qualidade.
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180 REIS, GL. et al.

1. INTRODUCTION from approximatelypril to Septemberthe monthly

For the first 20 years of the XXI centymere precipitation tends to be less than five millimeters.

are predictions of increases in consumption of 87% During the dry season, there is low water availability
for meat and 75% for milk within developing country in the soil surface layers, while the deepest layers remain
populations, which represents 75% of the wagld’ humid. However, there are often periods without
population. In this context, the ruminants play anprecipitation during the rainy season that affect the
important role as they demand fewer grains per unisoil water potential. Nevertheless, most of the trees,
of meat produced than do monogastrics (Nicholsoras they have deep root systems, may access the subsoil
etal., 2001). water reserves (Kanegae et al., 2000) and lift water

. hallow soil | rs, where the gr r Iso hav
In the Brazilian Savanna (Cerrado), there aretos allow soil layers, where the grassy roots also have

approximately 49.6 million ha of cultivated pastures,access (Ludwig etal., 2004). Brassard and Barcellos

which are covered mainly Brachiaria. These pastures Eﬁ(e)ogizaf:?sd t?:; Sggr;ghﬁ)eﬂ ?23:';?0l:]t02:;c'E?ﬁ:;r;
are home to nearly 41% of all Brazilian cattle, which P b 9 b Y ’

accounts for half of the national meat production (MarthaWhICh in turn implies a high level of demand for water

Junior &Vilela, 2002). Nevertheless, it is estimated Despite the many benefits that the trees provide
that 80% of these pastures are degrated. The productivitp the pasture, the native animals, and the environment,
of beef cattle in a degraded pasture may be six times Brazil, are most eliminated during the pastare’
lower than in a well managed pasture (Peron & Evangelistamplementation process (Carvalho et al., 1994). If the
2004). The stocking rate is lower than one animal unitree’s shade is less than 50%, the grass productivity
ha!. These undesirable indices result from impropers not greatly affected. Increments of pasture productivity
cultural practices during the establishment andunder leguminous trees (Daccarett and Blydenstein,
management of these pastures, such as inadequal®68) could also observed. Even trees that do not fix
fertilizer use and overgrazing, which can lead to a decliné\, can be recognized as soil fertility improvers (Buresh
in soil fertility. The loss of productivity results in a and Tian, 1998).

decrease in soil cover and, consequeiattyincrease L . .
que The objective of this experiment was to assess

in soil cc_)mpactmg, a reductlon of water |nf|Itrat|0_n,_ both the effect of an SPS implemented within a Brazilian
and erosion, thus affecting watersheds and compromisin

Cerrado that was under production and the qualit
the sustainability of natural resources (Macedo, 1995)(.)f IgE?M durin;vaspl;riod Opf hy(ljJricI srt]rzss quality

Degradated pastures can be limited and recovered
through pasture proper management, the minimizing 2. MATERIALS AND METHODS
of social exclusion, and the introduction of SPS (Steinfel
et al., 2006), which can be defined as an associatio
of trees and pastures. The presence of trees in the This experiment was conducted in an SPS, within
pastures creates a microclimate in their influence areahe Brazilian savanna biome, at the private Grota Funda
in turn favoring humidity retention and soil nutrient farm, in Lagoa Santa, Minas Gerais, Brazif, 39 36’
enrichment, as well as extending the forage availabilitys, 43 51’56 W, at an altitude of 747m above sea level.
and improving its qualityr he tropical forages usually The system has been under development since 1984
contain a low nutritional qualityvhich becomes even through the natural regeneration of the native tree species,
lower as they mature (Sanchez, 2001). Zeyheria tuberulosaVell. Bur. (ZT) of the Bignoniaceae

In the Cerrado, these systems may favor animafamily. This_species Was_selected for incl_usion in the
production. Brassard and Barcellos (2005) reported thap' > dué (o its wood qualifiast growth, straight trunk,
the soil of this biome is very sensible to changes iH"térmediate canopy densignd resistance to cattle
pluviosity as it presents low water reserve Suplolygrazmg. Itis a very useful species in restoring degraded

According toArmando (2002), in this environment, there 2réas, as its seeds are easily spread by the wind. During
is low oscillation of annual temperature (from to 18 250C),natural regeneration, undesirable species were removed,

and the precipitation is about 1200-1500 mm, accumulatef"d at [éast4 m was maintgrbetween Zirees. Currently

mainly during the summer, while during the dry season,the trees are 15-23 m tall with a chest diameter of 40-

escription of the study sites
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Influence of a silvopastoral system on forage parameters in the Brazilian savanna 181

60 cm. The density adopted was 160 treésNa fire Data collection
was used during the set-up, and limestone and phosphate . . . .
. . . . Soil and forage were sampled with nine sampling
rock were applied according to soil analysis. The forage oints taken in each svstem (Fiqure 1). The forage
chosen as a component of the SPS Bragchiaria P y (Fig )- 9

brizanthacy. Marundu (BBM), which replaced a pasture parameters ere assessed after collection in January
of Hyparrhénia ufa (Viana e't al., 2002) 2006. This month was chosen due to the severe dry

During the previous summer of the present
experiment, weekly assessments of maximum and minimur
temperatures of the air showed that, on average, th
values of maximum temperature were 4.8°C higher in
the monoculture area in relation to the area under th
influence of trees, while the minimum temperatures

o

20m
were 0.4°C higher in the system with trees (Sousa, 2005 \ i%‘/ %
An adjacent pasture (the control area) was alsc O
planted using the same methodology; however, in this &V

site, all the trees were cut down in the initial stages
of the process. Originallypoth areas were very regular
and presented many similarities; the only difference
during regeneration was the management of trees. Th
total area, including the SPS and the control area, consiste
of approximately two hectares. The stocking rate (bovine
in both pastures was adjusted to the forage production. ] ] ]
and ranged from 0.8 to 1.5 animal units.heccording Figure 1 - IForage and soil sampll_ng diagram: three parallel
. ) o . ines were traced, 40m in length each, cutting the
to the USDA classification, the soil is registered as

center of each system in a diagonal form. The
aTypicAcrustox, while in the Brazilian classification
itis registered as red-yellow latosoil. The soil also
presented 651 g.Kgof clay, 211 g.kg? of silt, and

138 g.kd of sand. Intable 1, some chemical soil attributes

of the evaluated systems are presented.

Table 1 - Chemical attributes of soils under silvopastoral

first and third diagonal lines were 10m and 20m
from the central line, respectively each line,
three samples were collected 20m from each other,
totaling nine sampling points in the SPS and nine
points in an area out of its influence, which was
set as the control treatment.

system (SPS) and monoculture (Lagoa Santa-2006)

Variable Depth (cm)
Monocultura SPS
0-10 10-20 20-40 0-10 10-20 20-40
pH (H,O —-1:2,5) 4.86+0.22 4.75%+0.23 4.75+0.11 4.64+0.28 4.61+0.19 4.64+0.11
Phosphorous (mg dm-3) 2.57+0.86 1.79+0.75 1.09+0.35 1.89+0.58 1.71+0.33 1.06+0.21
Potassium (mg dm-3) 135.87+35.69 70.13%x14.72 42.5%x17.46 95.63+x36.90 82.5+30.26 49.37+35.84
Calcium(cmolc dm-3) 0.67+0.31 0.39+0.19 0.23+0.07 0.76+0.27 0.6%0.17 0.27+0.14
Magnesiun{cmolc dm-3) 0.59+0.36 0.27+0.24 0.13+0.07 0.56+0.21 0.41+0.13 0.12+0.05
Aluminum(cmolc dm-3) 1.74+0.55 2.31+0.33 2.5+0.17 1.71+0.50 1.96+0.28 2.35+0.21
H + Al 2 (cmolc dm-3) 9.5+x1.56 10.11+1.41 10.05%0.46 8.9+1.58 8.99+1.11 9.31+0.73
Sum of bases (cmolc dm-3) 1.6+0.68 0.84+0.46 0.45+0.14 1.57+0.45 1.22+0.30 0.54+0.17
CECP®(cmolc dm-3) 3.34x0.27 3.13+0.18 2.96%0.09 3.29+0.11 3.17+0.17 2.86+0.15
CEC7¢(cmolc dm-3) 11.1+0.96 10.95+1.00 10.51+0.44 10.49+0.49 10.21+0.859.85+9.85
Bases saturation (%) 15+7 8+6 4+1 15+6 12+4 6+2

aHydrogen plu®\luminum (H +Al), Peffective cation exchange ca

pacity (CEGation exchange capacity at pH 7.0 (CEC7)

Revista Brasileira de Agropecuaria Sustentavel (RBAS), M, n.l, p.179-190, Julho, 21



182 REIS, GL. et al.

conditions presented as compared to other monthd.aboratory analysis

Before the collection, in the end of December 2005, . .

the forage was cut to 30cm in height. Next, the pasture Forage productivity was assegsﬁﬂer h‘_”ng

was preserved to avoid grazing. Thirty days after théaeen harvested, the forage was weighed, dried at 60°C
first cut, all the BBM plants over 30cm were harvested ©f 72 hours, and then milled to <1 mm. The samples
for measurement. The square tool @ was used for Were gnalyzed for dry matter content (DMC) and ash
each collection point. (Brasil M.A. Abastecimento, 1998), E&*,and K

were determined using calorimetric, permanganometric,

In February 2006, 15 days after forage sampling and flame photometric techniques, respectively (Cunniff,

a Dutch auger was used to collect soil samples at theggs). The CP (6.25 x total nitrogen (N) content) was
following depths: 0-10, 10-20, and 20-40 cm. getermined by means of Kjeldahl digestion (Cunniff,

Meteorological data was supplied by the meteorology; ggs). Neutral detergent fiber (NDF) and acid detergent

department at theancredo Neves Internatiodéfport — fiper (ADF) were assessed through the sequential analysis
located in t_he neigh_boring city of Confins at the following ¢ finer. In a similar mannelignin was estimated by
geographic coordinates: 19°54' 32" S and 43°58' 18'yjg5lving samples in a 72%$10, solution for three

W. The minimum, maximum, and average temperatures,, 4 s (Robertson &an Soest, 1982).

as well as the relative humidity during the period, were

17.6, 23.5, 34.9, and 76%, respectivEhe rainfall during After collection, the litter was sorted into leaves,
2005 was 1432 mm. Figure 2 presents the profile opranches, fruit, and other (fractionated material of variable
rainfall distribution during the period in which the forage composition during the yearJhe litter was analysed
growth was studied, which occurred from Decemberfor the same parameters of forage, except NDF and
22,2005 to January 20, 2006, when 44.6 mm of rainfalADF. Its OM content was estimated as théaté#nce

was recorded. between the DM and the ash content. The carbon (C)
content was estimated as 50% of the OM. These analyses
. ) were carried out at thenimal Nutrition Laboratories
branches was estimated. For this purpose, four rabst the Schools o¥eterinary Sciences at the Federal

(r?et_panels, with a mesh of 4 x 6 mm) were r"_’mdomlyUniversity of Minas Gerais (UFMG) and at PUC-MG
distributed throughout the area under the trees’ influence.

Each trap consisted of an area of 27 m2 and was placed The soil chemical analyses were carried out at
1.5 m off the ground. In 2005, 12 collections at 30 daythe SoilAnalysis Laboratory of the Federal University

The annual litterfall from tree leaves, fruits, and

intervals were carried out. of Uberlandia, Minas Gerais, according to EMBRAP
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Figure 2 - Profile of the distribution of rainfall during the study period of growth of forage, which occurred from December
2005, 229to January 2006, 20 Lagoa Santa/MG)
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Table 2 -Average and standard deviation values of annualprocedure. The adjusted coefficient of determination
contribution ofZeyheria tubesulosaVell. Bur.to 55 ysed in the selection of models. Peassmmielations

soil in a silvopastoral system in the Cerrado biome . . .
(Lagoa Santa/MG - 2005) between soil attributes and forage variables were also

performed.
’ Avarage composition s .
Variable of litter (%) Ko hatyear 3. RESULTSAND DISCUSSION
Total dry matter 100 4360.2 .
Ash 3.88 + 0.94 169.23 - The v'alues'ofC'éand bases §aturat|on (BS) were
Organic matter 96.12 + 0.94 4191.0 slightly higher in the SPS than in the monoculture.
Carbon 55.74 + 0.43 2430.78 On the other hand, the opposite occurred for the pH,
Calcium 0.61 + 0.29 26.5 P, K, and aluminum (AF) attributes (@ble 1).
Phosphorus 0.07 = 0.04 3.2 ) ) )
Nitrogen 1.79 + 0.55 78.0 Itis estimated that 160 trees*hduring one year,
Potassium 0.90 = 0.59 39.4 added more than four Mg h@f OM to the pasture
'(—:'gnt:” i 3415-1004 1181-0003 - (Table 2).The N, P and C& contributions were
arpoon/Nitrogen . + . - . . . .
Lignin/Nitrogen 05 16 + 0.46 i considerable, while the P contribution was reduced.

The carbon/nitrogen (C/N) and lignin/nitrogen ratios
were 31.10 and 25.16, respectively

(1999).For the pH analyses, 25 ml of extractant were Caution is called for when attributing the
added to 10 cfof finely air-dried soil and then read improvement of soil fertility and the consequent increase
by a previously calibrated pHmetryor the C& and  in forage yield to the trees. The higher nutrient contents
Magnesium(Mg?*) analyses, 100 ml of KCI 1 motL  under tree crowns may be influenced by the leaf litter
twere added to 10 crof soil (TFSA), and, after 16 and the presence of cattle which, when using the shade
hours at rest, was read by an atomic absorptiof the trees, concentrates the nutrients in one place
spectrophotometeFor Pand K, 100 ml of solution  (pyrr & Rangel, 2002). However, the present study
extractor (HSO,0.025 mol ! and HCI0.05 mol t),  3ssessed a system with a high density of trees, in which
Mellich®, was added and read by the atomic absorptioRne effect of the concentration of animal dejections
spectrophotometer and the flame photometry yoyid not commonly occuiFhe N content of the studied
respectivelyThe oganic matter (OM) was determined |iqer (1.799) (Bble 2) allowed for nutrient mineralization

by Walkley Black. For the determination of copper (Cu), 54 it was slightly over the critical limit necessary for

iron (Fe), mangar.1ese (Mn), and zinc (Zn), amsétution mineralization to occur (1.74%), as reportedhgrade
was usedrl he cation exchange capacity at pH 7.0 (CEC7)et al. (2002)

extracts H were retained when the soil was negatively

charged to pH = 7.0. In contrast, the CEC extracts = Some litter parameters of the Zike (Table 2)
presented only bases (Ca + Mg + K) @&ld3inthe  were higher than the data presented\bgrade et

pH soil, not presenting the H which is adsorbed inal. (2001) who reported on the litter of Eucalyptus species.

the CEC. According to this author, the litter produced by the
e ) Eucalyptus species presented N and P contents of
Satistical Analysis 0.63% and 0.04%, respectiveiynd a C/N ratio of 86.0.

Lilliefors and Bartlett tests were used to checkIn the present studyhese variables in the native tree
normality and homoscedastigitgspectivelySoil data, were: 1.79%, 0.07%, and 26.81, respectiveiyirade
according to depth and soil litter, were presented a¢t al. (2001) informed that the tropical grasses, as well
descriptive statistics (mean and standard error) aimeés Eucalyptus, produce a litter of low nutrient content,
at characterizing such variables in each system. Forageainly N, Pand K.Therefore, the litter from SPS formed
data was submitted to the analysis of variance antby tropical grasses and Eucalyptus is of low quality
further Fisher tests to compare experimental groupsnuch similar to that produced by the monoculture of
for all variables. Regression models of foragegrasses. In this light, the choice of trees to form the
attributes depending on soil variables (average valugystem must be criterious, avoiding negative interactions
among the depths) were also studied using the backwardsnong the components.

T
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Table 3 shows the results from BBM availability 2 to 4 m in depth contains less water in the area with
and composition. Thgreen matter production (GMP) trees than in the area without.
(P<0.05) in the system with trees. However, due to
alower DMC (P<0.001), the DMP was similar between .
OM content, has a greater capacity to store water

the systemsl'hese results are in agreement Widtaas
. . . Douglas et al., 2006). In the current stutthe levels
(1992) who reported that the trees modify the mlcrocllmate( 9 )

. . . f soil organic matter showed a correlation of moderate
through the interception of sunlight between 45% andp 9

. . . i ith the f DMP: 0.5353(® I

60%, thus reducing soil temperature and evaporatlonmagnItLIOIe with the forage 0535 05) (Bble .
. 4). Durres and Rangel (2003) stated that the soil

Moreover, the tree component improves the rate of

o L . . .~ —enrichment provided by trees and grasses use the
water infiltration into the soil and is capable of pumping . . ; .
: - .~ available water in the soil moréfiefently, thus there
water from deeper layers of soil to the most superficial

. . . is more DMP per unit of water transpired. This
to which the roots of forage have access. Likewise S .
. - - . Ehenomenon justifies the increased growth of grasses
the greatest amount of moisture available in environment . - . .
. . . under the canopy of trees in semi-humid climates as
with the presence of trees most likely influences the . . -
compared to open areas, which, despite being exposed

lower dry matter content found in the shaded 93535 more light, do not necessarily carry out a greater

(P<0.001)(Bble 3). amount of net photosynthesis due to hydric stress.
Carvalho et al. (2002) defines the BBM used inlt should be noted that the shading should be light
this study as intermediate shade tolerant. These authots moderate, which when combined with the enrichment
found that the shaded BBM presented a lower DMPof the soil under trees and low rainfall would result
(P <0.01) than that in the open area. However, duringn a greater forage production in shaded areas.
periods of reduced rainfall, the grass under the influence

" Daccarett and Blydenstein (1968) also reported
of trees tended to produce greater quantities of DM, S ydenste ( ) P
. ”P reduction in the availability of forage dry matter
Douglas et al. (2006) explained that there are seasona :

oo . . . under the influence of trees. However, Carvalho et
variations in the amount of water in the soil under the .
trees. which tend to be higher in the driest eriodsal' (1994) reported that the trees shade reduced production

’ g P of BBM. Nevertheless, hydric stress, which caused

of the year in the area containing trees, while in period_?he increased availability of DM, proved to be due

of rain, the soil of the area without trees tends to contain . .

. . . to a higher amount of dead material.
higher amounts of water due to increased consumption
of water and the interception of rainfall by trees. Depth A lower DM content in shaded forage may result

also influences water levels. The layer of soil betweerin greater juiciness and flavor, especially in the dry

The soil under the influence of trees due to a higher

Table 3 -Average and standard deviation values of atribut& adthiaria brizanthacv. Marandu (BBM) under influence
of Zeyheria tubegulosaVell. Bur. (SPS) and witouth their influence (monoculture) (Lagoa Santa/MG — 2006)

Variable System Probability CV (%)
Monoculture SPS
GMP (g m?) @ 193.30+71.70 295.8+121.55 o 33.79
DMP (g m?) ® 76.54+28.33 79.24+27.20 ; 30.60
DMC (%) ¢ 39.84+4.90 28.12+4.44 ok 13.23
Crude protein (%) 5.19+0.53 8.62+1.37 xen 15.84
Ash (%) 7.11+0.62 7.84+0.62 * 8.82
Calcium (%) 0.45+0.07 0.41+0.06 ; 14.19
Photasium (%) 1.80+0.63 3.03+0.47 o 24.12
Phosporus (%) 0.07+0.02 0.11+0.03 *x 26.81
NDF (%) ¢ 72.69+2.01 72.68+1.47 - 2.36
ADF (%) ¢ 58.43+2.44 56.40+2.53 ; 4.21
Lignin (%) 6.97+0.48 7.25+0.99 - 9.82

aGreen matter production (GMPyry matter production (DMPJdry matter content (DMC)neutral detergent fiber (NDPRcid detergent
fiber (ADF) -, *** ** * . (Fisher test: P>0,05; P<0,001; 0,01; 0,05, respectively)
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season when the grass appears to be excessively dayd qualitative aspects of forageaple 4). Rigatto
(Andrade et al., 2002According to Daccarett and et al. (2005) also found correlations between the latter
Bludenstein (1968), the shaded forage may contaitwo attributes with characteristics of forage. Conversely
higher fiber content. Howevgn this studythe values Andrade et al. (2001) reported that in tropical
of NDF, ADF, and lignin were similar among the grassesmonocultures of grass, a reduction in the availability
of the studied systemsdfble 3). Carvalho et al. (2002) of N over time tends to be the main cause of degradation
also found no statistical difference between theof established pastures.

percentage of NDF from shaded and sunlight forage: Acid soils with a high\l saturation may aggravate

73.92 and 73.12%, respectively the efect of low water availabilityas it afects the
The CP contents were higher (P<0.001) in the shadedrowth of roots at depth (Andrade et al., 2001). However,

forage than in the forage from the monoculture. It isthe levels oAl showed no important correlation with

emphasized that a diet with less than 7% of proteirthe attributes of forage analyzed in the present study

is insufficient for a satisfactory ruminal fermentation, (Table 4).

thus leading to a reduction of food intake by animals . . :

(Van Soest, 1994). If the diet consumed by animals In studies conducted in Patagonia, most of the

. . . root biomass of grasses was found up to 20 cm deep;
presents lower protein levels than previously mentioned L :
. . . therefore, there was no competition for water with the
it becomes necessary to supplement this nutrient

‘trees that exploit deeper layers (Gyene et al., 2002).
Table 4 presents the correlation values betweeiHowever, in a savanna with less than 650 mm rainfall,
forage and chemical soil attributes significant  the trees do in fact compete with grasses for water
association between pH and most of the forage attributeEhe lower availability of this element was the main
could be observed. In contrast, this relation was notimitation for the development of shaded grass, while
significant when comparing the soil and forage contentsn open areas, the productivity was limited by lower
of P and K (P>0.05). There was, however, a significantevels of N in the soil. However, the production of
association betweei ** with NDF andADF of -0.6350  both appeared to be similar (Ludwig et al., 2004).

and -0.6450(P<0.01), respectively The appearance of grasses collected in both systems

The soils parameters of OM, pH, and K presentedvas similar to that described Byndrade et al. (2002).
a correlation with the largest number of productive These authors reported that the leaves of shaded forage

Table 4 - Pearson correlations between chemical soil and forage attributes (Lagoa Santa/MG — 2006)

Chemical soil Forage atributes

tributes
GMPa DMP® DMC ¢ Ash Calcium K d pe CPf NDF ¢ ADF " Lignin

pH -0.7494***  0.5657* -0.4823* - 0.6415** -0.7273** -0.5521* -0.6369** - - -
Phosphorus - - - - - - - - - - -
Potassium - - - - - - - - -0.5648* -0.5724* -
Sulfur - - - - - - - - - -
Calcium - - - - 0.6312** - - - - - -
Magnesium - - - - 0.5120% - - - - - -
Aluminum - - - - - - - - - - -
H+Al'! - - - - - - - - - - -
Sum of bases - - - - 0.5646* - - - - - -
CEC! - - - - - - - - - - -
CECT7X - - - - - - - - - - -
Bases saturation - - - - 0.4855* - - - - - -
Organic matter - 0.5353* - - 0.5442* - - -0.5282* - - -
K/CEC7 - - - - -0.4499* - - - -0.6350** -0.6453** -

agreen matter production (GMPYry matter production (DMP)dry matter content (DMCJpotassium (K) sphosphorus (P)¢rude protein
(CP),%neutral detergent fiber (NDP)acid detergent fiber (ADF)hydrogen plus aluminum (H+Algffective cation exchange capacity
(CEC),*cation exchange capacity at pH 7.0 (CEC7) -, ***, ** * (ttest: P>0.05; P<0.001; 0.01; 0.05, respectively)
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presented amtense dark green color contrasting with in the magnitude, nature, and number of soil attributes
the green-clear of samples from the open area, whichfluenced forage parameterafle 5)This complexity

is indicative of N deficiency in the soil. The CP content, can be explained by several factors that are not evaluated
50% higher in shaded forage than in the non-shadeih this studybut that act distinctly in the two systems,
forage, was attributed to the higher content of N insuch as moisture, temperature, light, and impact of
soil under trees. wind. Thus, according Feldhake (2001), in an SPS, the

The significant regression equations of forage!'®€s produce a far more complex effect than simply
attributes due to soil variables and their respectivdh® contribution of N to the soil. The shadow at appropriate
coefficients of determination are presented in tabld€VelS, even if artificial, can increase the production
5. In general, for each assessed characteristic of thahd the forage N levels. In temperate grasses, the increase
forage, the magnitude and regression coefficients werd the N levels was attributed to changes in the
distinct between the two systems. The®C, and ~ Morphology of the shaded grass. On the other hand,
lignin forage content were influenced by a greater numbetn the tropical grasses, this increase was credited to
of chemical soil attributes in both systems. The saméhe increased availability of N due to more intense
occurred with P and ash content in the SPS foragé"_ﬂiCl’ObiGﬂ activity in the shade. However, in the present
A great number of common regression coefficients study there was no correlation between the N levels
pH, P and SS@ — influenced the K forage contents. from the forage and those in the sodifle 4). Gottingen
In some equations, such as protein content, an R2 gfnd Zimmermann (1989) reported the occurrence of
0.9781 in the monoculture could be observed; howevemphysiological changes in shaded plants that result
no significant model for the SPS could be formulated.in higher N levels. These authors report that the shaded
plant has its metabolism changed, thus reducing the

Although the light does not act directly in the amount of N compounds for glycogenesis, in turn causin
absorption of nutrients by plants, the levels in these P glycog ’ 9

plant tissues are affected by some biatapprocesses, agreater accumulation of N in their tissues.
such as respiration, transpiration, and photosynthesis  In this studyno diference (P>0.05) between the
(Castro et al., 2001). Different coefficients of regressionCa?levels of the forages analysedple 3) could be

Table 5 - Regression parameter8oéchiaria brizanthacv. Marandu (BBM) in function of soil attributes in soils under
monoculture and silvopastoral system (SPS) (Lagoa Santa/MG — 2006)

Variavel Sistema Model R2
GMP @ Monoculture 3466.78 - 664.72 pH + 395.15 Ca2.77 Kf 0.7735
SPS -34.38 + 232.59 P 0.7778
DMC® Monoculture 50.55 - 6.48 P — 0.31 K + 9.81 S-gO" 0.7414
SPS -168.11 + 52.24 pH — 60.68 Ca — 0.18 K 0.9750
Ash SPS 17.48 + 8.85 CEC — 0.42AS — 0.91 BSK 0.7918
Calcium Monoculture 0.47 + 0.08 Mn™ — 0.0022 Fe'— 0.16 S-SQ? +0.004 K 0.9581
SPS 0.26 — 0.0013 K — 0.07 Zn+ 0.36 Mg9 + 0.02 (H+AIl)" 0.9864
Potassium Monoculture 28.66 — 5.73 pH — 1.03 S-§©+ 1.41 P — 0.02 K 0.9953
SPS 42.60 — 6.91 pH — 1.45 P 0.08AS — 0.09 S-S¢¥ 0.9809
Phosphorus SPS 1.50 — 0.34 pH + 0.33 SB- 0.39 Mg — 0.0004 K 0.9864
Cpe¢ Monoculture 2.78 - 0.02 K+ 0.71 BS - 6.31 SB 0.9781
NDF ¢ Monoculture 118.05 — 9.39 R~ 0.33AS — 39.94 B¢ 0.9499
SPS 302.93 + 16.25 S-SG+ 0.75 Fe + 138.37 Ca — 141.19 CEC 0.9156
Lignin Monoculture 2.45 — 25.66 Ca + 11.10 SB + 1.94 Cu 0.01 Fe 0.8685
SPS 65.32 — 3.44A] + 0.07 Fe — 2.1 Mn — 16.26 CEC 0.9577

agreen matter production (GMPYry matter content (DMCJ)crude protein (cpyneutral detergent fiber (NDFgalcium (Ca)potassium
(K), 9phospurus (Pysulfur (S-SQ?), 'cation exchange capacit (CE@Juminum saturation (AS)hases saturation (BSInanganese (Mn),

"ferrum (Fe)Pzinc (Zn),"magnesium (Mg)hydrogen plus aluminum (H+Al)sum of bases (SBjboron (B),'copper (Cu)
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observed; however, they did show positive correlationset al. (2006) who compared the production of Lolium
with levels of this nutrient and of organic matter in multiflorum Lam and Secale cereale L., with and without
the soil: 0.6312 (P <0.01) and 0.5442 (P<0.05), respectivelthe influence of Pinus rigida Mill. These authors
(Tabe 4). No consensus has been reached regardingpncluded that the shaded area produced approximately
the influence of shade on the'@avel of the forage. 20% less DM of forage than did the open area. In
Carvalho et al (1994) and Castro et al. (2001) reportedontrast, until the trees reach six to seven years of
higher levels of this nutrient in the shaded forage.age, no difference in meat production when comparing
On the other hand\ndrade et al. (2002) found lower the areas with and without trees could be observed.
levels in the shaded grass when compared to the nott is believed that the tree protection, when faced
shaded: 0.21 and 0.26, respectivEhese values were with extreme temperatures, may have offset the lower
attributed to the fact that the shaded forage takes longderage production. Thus, as Jansen et al. (1997) reports,
to mature and that Gadue to its low mobilitytends ~ some potential benefits of trees in pastures, such
to be higher in older leaves. as shade for livestock, risk of erosion reduction, and
increase in biodiversityare dificult to calculate on

Plevels were found to be higher (P<0.0131¢1e an economical scale. Nonetheless, accordiigia-

?h) n t:ne sh?dHed fﬁrigssggd;foggtlveIy4co,\r/lreIated Wm”boral et al. (2005), despite the environmental benefits,
€ values of pri Soll. =0. ( -0%¢le 4). Moreover these systems should be used as an alternative for

]Ehetljevrellsr:ogng b)pkcrj]dradhe thl.f(ZOOZ) Y\gerledj/lmlclar areas which have already cleared and not as a
or both shaded and unshade . orages. ©. 0 ast?((g.‘placement for primary forests.

etal. (2001) found that the B. brizantha P levels tended

to inc_rease_as the Iumino_sity re_duced. These authors 4. CONCLUSIONS

explain that in most plants, light stimulates the absorption N

of H,PO,; however, no consensus as to whether or ~ Under the assessed conditions, the presence of
not luminosity affects forage P levels has ever beerree specieeyheria tubesulosavell. Burin pastures

reached, due mainly to the variation among forage?f BBM did not affect the DMP of forage. The trees
species. apparently alleviated the hydric stress and influenced

) ) forage mineral composition. No change in the levels

The K levels were higher in the shaded forageqs NDE ADF and, lignin could be observed. Nevertheless,
when compared to that from the open area (P<0.01)he trees favored the forage qualitgpresented by
(Table 3), which is in agreement with findings from j,creasing CP levels. The CP levels of the open area
Carvalho et al. (1994) askhdrade et al. (2002)he  orage were insufficient to meet the maintenance
values reported byndrade et al. (2002) regarding forage requirements of ruminants. Some attributes of forage
with and without the influence of trees were of 3.34gpo\wed a correlation with soil attributes. The lack of
and 2.77, respectivendrade et al. (2001) also concluded ¢qrrelation of other variables in the BBM may indicate
that potassium fertilization increased the levels of Kihe influence of other factors, such as shade and
in forage. Nevertheless, in the current experiment, n@nicroclimatic conditions offered by trees. The
correlation (P>0.05) between the levels of this element;jyopastoral system, therefore, has the potential of
in the soil with those in the forage could be observedpecoming a feasible option for sustainable livestock
Furthermore, the levels of this nutrient showed negatiVﬁbroduction, thus contributing to the nutritional value
correlations with pH VaIUeS, -0.7273 (P<001), and M0,0f forage during a period of reduced rainfall.
-0.4880 (P<0.05) @ble 4) Therefore, other factors may
have influenced the K levelsccording to Silva-Pando 5.ACKNOWLEDGEMENTS
et al. (2002), the shade in fact influences optimal rates
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