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Abstract 



This research evaluated soil properties in a silvopastoral system using double rows of tree legumes. Treatments were signalgrass ( Brachiaria decumbens) in monoculture or in consortium with sabiá ( Mimosa caesalpiniifolia) or gliricidia ( Gliricidia sepium). Treatments were arranged in a complete randomized block design, with 4 replications. Response variables  included  chemical  characteristics  and  physical  attributes  of  the  soil.  Silvopastoral  systems  had  greater (P<0.001)  soil  exchangeable  Ca  (gliricidia  =  3.2  and  sabiá  =  3.0  mmolc/dm3)  than  signalgrass  monoculture  (2.0 

mmolc/dm3). Water infiltration rate was greater within the tree legume double rows (366 mm/h) than in signalgrass (162 

mm/h) (P = 0.02). However, soil moisture was greater in signalgrass pastures (15.9%) (P = 0.0020) than in silvopastures (14.9 and 14.8%), where soil moisture levels increased as distance from the tree rows increased. Conversely, the light fraction of soil organic matter was greater  within the tree legume double rows than in the grassed area (P = 0.0019). 

Long-term studies are needed to determine if these benefits accumulate further and the productivity benefits which result. 



Keywords : Fertility, legumes, soil physics, trees. 



Resumen 



Entre enero 2012 y diciembre 2013 en Itambé, Pernambuco, Brasil, se evaluaron algunas propiedades físicas y químicas del suelo en un sistema silvopastoril, utilizando filas dobles de leguminosas arbóreas. Los tratamientos consistieron en Brachiaria decumbens sola o en asociación con sabiá ( Mimosa caesalpiniifolia) o gliricidia ( Gliricidia sepium) en un diseño  de  bloques  completos  al  azar,  con  4  repeticiones.  Los  sistemas  silvopastoriles  presentaron  mayor  contenido (P<0.001) de calcio intercambiable (gliricidia = 3.2 y sabiá = 3.0 mmolc/dm3) comparados con la gramínea sola (2.0 

mmolc/dm3). La tasa de infiltración de agua fue mayor en el suelo dentro de las filas dobles de los árboles leguminosos (366 mm/h) en comparación con la gramínea sola (162 mm/h) (P = 0.02). No obstante, la humedad fue más alta en el suelo con gramínea (15.9%) (P = 0.0020) comparada con los sistemas silvopastoriles (14.9 y 14.8%, respectivamente para sabiá y gliricidia). La humedad en el suelo aumentó con la distancia a partir de la línea de árboles. Por el contrario, la fracción ligera de la materia orgánica del suelo fue mayor (P = 0.0019) dentro de las filas dobles de árboles (0.071 

mg/kg) comparada con el suelo fuera de la línea de árboles. Se requieren estudios a largo plazo para determinar si estos beneficios continuan acumulándose y si resultan en mayor productividad. 



Palabras clave: Árboles, fertilidad, física del suelo, leguminosas. 
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Given the economic and environmental importance of 



these systems, this study aimed to evaluate the chemical 

Good  soil  physical  characteristics  are  essential  to  ensure 

composition  and  physical  properties  of  soils  in 

satisfactory crop and pasture productivity. Pasture soils tend 

signalgrass pastures [ Brachiaria decumbens Stapf; now: 

to have greater soil density than preserved vegetation soil, 

 Urochloa decumbens (Stapf) R.D. Webster], in associa-

presumably  due  to  trampling  by  animals  (Vitorino  1986), 

tion  with  tree  legumes  in  the  coastal  region  (“Zona  da 

which can also have an impact on the water infiltration rate 

Mata”) of Pernambuco State, Brazil.  

and  soil  moisture  holding  capacity,  both  of  which  have 



significant  effects  on  pasture  productivity.  The  amount  of 

Materials and Methods 

water that infiltrates and flows over the  ground is  directly 



related to soil physical properties such as  density, and the 

The research was conducted at the Experimental Station 

existing vegetative cover (Lanzanova et al. 2007). 

of the Agronomic Institute of Pernambuco (IPA), located 

Soil  organic  matter  (SOM)  has  a  major  influence  on 

in Itambé, Pernambuco, Brazil. Average annual rainfall is 

ecosystem  productivity  because  it  affects  chemical  and 

1,300  mm,  and  average  annual  temperature  is  25  °C 

physical  characteristics  of  soils.  Since  SOM  is  the  net 

(CPRH 2003). The climate is sub-humid, the topography 

result  of  soil  processes  occurring  in  the  long  term,  it  is 

is undulating and the soil of the study area is classified as 

difficult  to  detect  early  changes  if  analyzing  total  SOM 

Ultisol (red-yellow dystrophic Argissol according to the 

(Haggerty  and  Gorelick  1998). The  light  fraction  of  the 

Brazilian  Soil  Classification  or  Paleudult  or  Ferric 

SOM is formed by plant and animal residues in the early 

Luvisol  according  to  FAO  World  Reference  Base) 

stages of decomposition. It represents recent changes in 

(Jacomine  et  al.  1972;  Embrapa  2006).  Initial  soil 

chemical  characteristics  of  the  experimental  area  were: 

land management and can detect early changes in SOM 

pH in water (1:2.5) 5.5; P (Mehlich-I) 2.2 mg/dm3; K 1.3 

dynamics  (Jinbo  et  al.  2007; Rangel  and  Silva  2007). 

mmolc/dm3;  Ca  27  mmolc/dm3;  Mg  20  mmolc/dm3;  Na 

Increases  in  ecosystem  primary  productivity  lead  to 

1.4  mmolc/dm3;  Al  2.7  mmolc/dm3;  H+Al  61.7  mmolc/ 

increasing  residue  deposition,  both  above-  and  below-

dm3;  and  SOM  44.2  g/kg.  Average  monthly  rainfall  for 

ground. 

the experimental years is shown in Figure 1. 

Silvopastoral systems improve soil physical attributes 

Three  treatments  were  tested  in  a  complete 

such as soil aggregates, soil density and water infiltration 

randomized block design with 4 replications. Treatments 

rates  (Carvalho  et  al.  2004).  Litter  deposition  from  tree 

included:  1)  sabiá  with  signalgrass;  2)  gliricidia  with 

foliage is a major pathway for recycling of nutrients in a 

signalgrass;  and  3)  signalgrass  monoculture.  Each 

silvopastoral  system  (Apolinário  et  al.  2016).  Limited 

experimental  unit  measured  660  m2  (33  x  20  m).  Tree 

nitrogen  (N)  availability  in  warm-climate  grasslands  is 

legumes (sabiá and gliricidia) were established in 2008 in 

one  of  the  major  limiting  factors  to  increases  in 

double  rows  spaced  at  10.0  m  (between  double  rows) x 

productivity (Vendramini et al. 2014), and N addition via 

1.0  m  (between  rows)  x  0.5  m  (within rows).  Each plot 

litter  represents  a  significant  input  and  might  result  in 

contained  3  double  rows.  The  signalgrass  was  growing 

greater  ecosystem  primary  productivity.  Tree  legumes 

throughout  the  area  of  each  plot,  but  reduced  growth 

such  as  sabiá  ( Mimosa  caesalpiniifolia   Benth.)  and 

occurred  between  the  individual  tree  legume  rows  that 

gliricidia [ Gliricidia sepium (Jacq.) Kunth] can be used in 

formed  the  double  rows  (“within  tree  legume  double 

silvopastoral systems (Souza and Espíndola 2000; Vieira 

rows”  from  here  on),  especially  under  sabiá  trees. 

et  al.  2005; Apolinário  et  al.  2016; Costa  et  al.  2016). 

Livestock  were  introduced  to  the  paddocks  when  the 

Besides  biological  N2  fixation,  litter  deposition  and 

sward  height  reached  60  cm,  and  remained  until  the 

decomposition  are  important  sources  of  nutrients  to  be 

stubble height of the grass was reduced to 10‒15 cm. 

reused by the system (Apolinário et al. 2016).  

Soils  from  tree  legume  paddocks  were  sampled  in 

Tree  legumes  can  provide  extra  alternative  income 

September  2012  in  order  to  determine  the  chemical 

through  the  sale  of  fencing  posts  and  firewood 

composition.  Samples  were  collected  in  2  transect  lines 

(Apolinário  et  al.  2015).  Incorporating  tree  legumes  in 

perpendicular  to  the  tree  rows.  Along  each  transect,  5 

silvopastoral  systems  can  also  provide  other  ecosystem 

different points were sampled (0, 1, 2, 3 and 4 m distance 

services  including  the  maintenance  of  biodiversity, 

from  each  tree  double  row)  giving  30  samples  per  plot 

improvement of water and nutrient flow, enhancement of 

(Figure 2). Paddocks with signalgrass monoculture were 

soil quality, reduction of soil erosion, improvement of C 

sampled randomly at 5 sites. All soil samples were taken 

storage  and  provision  of  green  areas  for  urban  society 

from the 0‒20 cm soil layer. Soil samples to determine 

(Kemp and Michalk 2005).  

bulk density and soil gravimetric moisture were collected 
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Figure 1. Rainfall (monthly averages) in the experimental area during the research period. Source: Meteorological data collected at the experimental site.  



in  May  2013,  using  the  same  sampling  protocol  (per-

were  macerated  and  sieved  through  a  0.5  mm  sieve,  and 

pendicular transects) described to collect the soil fertility 

then  put  into  a  0.053  mm  sieve  and  washed  in  running 

samples, and the same soil depth. Undisturbed soil cores 

water.  The  retained  material  was  then  transferred  to 

were  collected  using  volumetric  rings.  Samples  were 

containers filled with water, where it remained undisturbed 

dried  in  an  oven  at  105  °C  for  24  hours,  following 

for 24 h for density separation (heavy and light fraction). 

methodology described by Embrapa (1979).  

The supernatant (floating) material was retrieved in 0.053 

Light  fraction  of  SOM  was  determined  by  weighing 

mm  mesh,  dried  at  65  °C  for  72  h,  and  weighed  on  a 

50 g of soil (samples collected for fertility analyses), which 

precision scale (Correia et al. 2015). 







Figure 2.  Location of soil sampling points relative to tree legume rows in the silvopasture treatments. 
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and soil exchangeable Na was greater in the signalgrass-

January  2013.  Infiltrometers  made  of  concentric  rings 

sabiá  pasture than  in the other pastures (Table 1). When 

(Bouwer  1986)  were  placed  at  2 specific  points in  each 

com-paring the sampling points in relation to the distance 

tree legume paddock: 1) within tree legume double rows 

from the rows of legumes, there was no significant effect 

(sampling point 1); 2) in the middle of the  grassed area 

for the response variables evaluated, except for pH (Figure 

(sampling point 5). A total of 48 samples were collected 

3), where values increased exponentially as distance from 

(2  replicates  for  each  sample  location  within  each 

the legume rows increased, with a peak at 3 m. 

silvopastoral system, and 4 samples for each signal-grass 



plot). Water infiltration rate was determined when the rate 

 Water infiltration rate 

was constant, using the following equation: 





Water infiltration rate was higher within the tree legume 

WIR (mm/min) = L2 - L1 (mm) / time (min) 

double rows of gliricidia and sabiá (356 and 366 mm/h, 

where: L2 is water at the beginning of the measurement 

respectively;  Figure  4)  than  in  the  signalgrass  mono-

and L1 is the remaining water in the tube after the time 

culture (162 mm/h) and in the grassed area of the signal-

spent measuring. 

grass-sabiá (128 mm/h) treatment. 



Soil  attributes  were  analyzed  using  PROC  MIXED 



(SAS  2007).  A  complete  randomized  block  design  was 

 Gravimetric moisture 

used  to  compare  signalgrass  monoculture  with  the 



silvopastoral systems. When transects were analyzed, the 

Soil moisture (Table 2) levels were higher (P<0.05) in the 

transect  points  were  considered  split-plot  and  the  main 

signalgrass monoculture than in the mixed pastures; in the 

plot the vegetation cover, with both being fixed effects. In 

mixed pastures soil moisture increased as distance from 

all  analyses,  blocks  were  considered  a  random  effect. 

the tree rows increased (P<0.05; Table 3). 

Significance was declared at 5% probability. LSMEANS 

Soil  density  was  not  affected  by  type  of  pasture  

were compared using the PDIFF procedure and adjusted 

(P = 0.58) (Table 2), but in the mixed pastures soil density 

Tukey test. 

increased  as  distance  from  the  tree  rows  increased 

 

(P<0.05; Table 3).   

Results 

  



 Light fraction of soil organic matter 

 Soil fertility 





Light  fraction  of  SOM  was  unaffected  by  pasture  type  

While  soil  chemical  composition  was  affected  by 

(P = 0.22), but within the silvopastoral treatments, light 

vegetation cover (Table 1), levels of most nutrients were 

fraction of SOM was greater in the sabiá treatment than 

similar in all treatments (P>0.05). Soil pH was greater in 

under gliricidia (64 vs.45 mg/kg, respectively; P = 0.002) 

the  signalgrass  monoculture  than  in  the  2  grass-legume 

(Table  4). The  light fraction  of  SOM  was  greater  under 

tree  pastures.  Soil  exchangeable  Ca  was  greater  in  the 

the  trees  than  in  the  grass  area  (71  vs.  50  mg/kg, 

grass-legume tree pastures than in the grass-only pasture, 

respectively; Table 3). 



Table 1.  Soil chemical analyses (0‒20 cm layer) in signalgrass, signalgrass-gliricidia and signalgrass-sabiá pastures. 



Treatment 

pH 



P 



K 

Mg 

Ca 

Na 

Al 

H + Al 



C 

OM 



(water – 1:2.5) 



(mg/dm³) 



(mmolc/dm³) 



(g/kg) 

Signalgrass 

5.8 a 



1.6 a 



1.4 a 

2.0 a 

2.0 b 

0.1 b 

0.3 a 

5.6 a 



22.0 a 

48.5 a 

Gliricidia 

5.4 b 



2.5 a 



1.7 a 

2.0 a 

3.2 a 

0.1 b 

0.3 a 

6.5 a 



29.3 a 

43.4 a 

Sabiá 

5.4 b 



2.5 a 



1.7 a 

1.9 a 

3.0 a 

0.3 a 

0.3 a 

6.4 a 



23.6 a 

40.7 a 

Probability 

0.02 



0.26 



0.17 

0.87 

0.001 

0.02 

0.91 

0.15 



0.23 

0.71 

CV (%) 

3 



38 



85 

14 

12 

67 

51 

10 



23 

30 

Values followed by the same letter within columns do not differ by Duncan’s test (P>0.05). OM = organic matter. 
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5.5

Table 2.  Soil moisture and density (0‒20 cm layer) in signal-

) 5.45

grass monoculture, signalgrass-gliricidia and signalgrass-sabiá 

5.:2 5.4

pastures. 

1 

y = -0.0264x2 + 0.1667x + 5.2071

r 5.35



tea 5.3

Treatment 

Moisture (%) 

Density (g/cm3) 

(w  5.25

Signalgrass  

15.9 a 

1.21 a 

Hp 5.2

Gliricidia 

14.9 b 

1.22 a 

5.15

Sabiá 

14.8 b 

1.19 a 

0

1

2

3

4

Probability 

0.002 

0.74 

Distance (m) from tree legume rows



CV (%) 

3.19 

4.7 

Figure 3.  Soil pH relative to the distance from tree legume rows 

Values followed by the same letter within columns do not differ 

in signalgrass-gliricidia and signalgrass-sabiá pastures. 

by Duncan’s test (P<0.05). 





Grassed area in signalgrass-sabiá pasture (sampling point 5)

Signalgrass monoculture

Grassed area in signalgrass-gliricidia pasture (sampling point 5)
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Figure 4.  Water infiltration rate (mm/h) in signalgrass monoculture and grassed areas in signalgrass-gliricidia and signalgrass-sabiá pastures, and within gliricidia and sabiá double rows in the mixed pastures. The bars represent the standard error. 





Table 3.  Effect of distance from tree legume rows on soil moisture, soil density and soil organic matter (SOM) light fraction (0‒20 

cm layer) in signalgrass-gliricidia and signalgrass-sabiá pastures. 



Distance (m) from tree rows 

Soil moisture (%) 

Soil density (g/cm3) 

SOM light fraction (g/kg) 

0 

14.5 b 

1.18 b 

0.071 a 

1 

14.1 b 

1.19 b 

0.051 b 

2 

15.2 ab 

1.19 b 

0.056 b 

3 

14.8 ab 

1.22 ab 

0.052 b 

4 

15.5 a 

1.24 a 

0.042 b 

Probability 

0.04 

0.07 

0.02 

CV (%) 

9.6 

4.0 

32.5 

Values followed by the same letter within columns do not differ by Duncan’s test (P>0.05). 
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development of the trees, increase in litter deposition and 

layer) in signalgrass-gliricidia and signalgrass-sabiá pastures. 

accumulation of animal waste, provided that the system is 



appropriately managed (Balbino et al. 2012; Padovan and 

Treatment 

SOM light fraction (g/kg) 

Pereira 2012; Loss et al. 2014).  

Gliricidia 

0.045 b 



Sabiá 

0.064 a 

 Water infiltration rate 

Probability 

0.002 



CV (%) 

32.4 

Greater WIR  in  the  signalgrass  area  in consortium  with 

Values followed by the same letter within columns do not differ 

by Duncan’s test (P>0.05). 

gliricidia might be due to the fact that this legume has a 



deeper  root  system,  providing  advantages  such  as 



increased  water  absorption  and  greater  efficiency  in  the 

Discussion 

search for nutrients, resulting in its high performance as 



fodder for livestock (Abdulrazak et al. 1997; Ondiek et al. 

This  study  has  provided  some  interesting  results  on 

1999; Juma et al. 2006). A more specific study of the root changes  in  soil  parameters  when  tree  legumes  are 

systems  of  gliricidia  and  sabiá  is  necessary  to  better 

introduced into  a  pure  grass  pasture. They  contribute to 

understand the influence of root properties (length, depth 

our  knowledge  of  how  the  legumes  alter  the  soils  in 

and density) on WIR. 

conjunction with an associated grass. 

Silvopastoral systems allow increases in SOM because 



of  greater  litter  deposition  from  trees,  and  Bell  et  al. 

 Soil fertility 

(2011)  indicated  that  greater  litter  deposition  increases 



soil  macroporosity,  contributing  to  improved  water 

As in our study,  Carvalho et al. (2003) reported increased 

infiltration and aeration. Moisture, biological activity and 

soil exchangeable Ca in silvopastoral systems 5 years after 

vegetation cover can also influence soil responses, such 

establishment,  and  attributed  this  increase  to  the  greater 

as the WIR (Carduro and Dorfman 1988). Dunger et al. 

accumulation  of  litter  produced  by  the  trees.  Similarly, 

(2005)  reported  that  silvopastoral  systems  provide  a 

Camarão  et  al.  (1990)  suggested  that  the  increase  in  soil 

favorable  microclimate  to  increase  soil  microfauna, 

exchangeable  Ca  in  silvopastoral  systems  might  be 

which  tend  to  seek  shaded  and  humid  habitats.  An 

explained by the increased above- and below-ground litter 

increase  of  Coleoptera  beetles  in  association  with  the 

deposition.  Xavier et al. (2003) also observed an increase 

introduction  of  legumes  from  the  genus   Mimosa  in 

in  soil  exchangeable  Ca  in  signalgrass- Acacia  mangium 

pastures  has  been  reported  by  Dias  et  al.  (2007). These 

pasture compared with pure signalgrass. 

beetles  dig  underground  galleries  in  order  to  nest,  thus 

The reduction in soil pH in the mixed pastures recorded 

providing  the  opportunity  for  greater  water  infiltration 

in our study is in contrast with the findings of Oliveira et 

(Miranda et al. 1998).  

al. (2000), Andrade et al. (2002), Xavier et al. (2003) and Increased  height  and  density  of  tree  legumes  in  the 

Dias et al. (2006),  where soil pH was not affected by the 

experimental  area  reduced  the  transit  of  grazing  cattle 

introduction  of  trees.   Dias  et  al.  (2006)  also  studied  soil 

through  the  rows,  which  might  explain  the  lower  soil 

chemical  composition  of  grass-tree  legume  pastures  in 

density  at  these  points  (Table  3).  The  WIR  was  greater 

relation  to  the  distance  from  the  tree  trunk  and  found 

along tree legume rows as compared with the grazed area 

variations in soil pH and levels of P, K, Ca and Mg tending 

under the effects of treading by animals, as indicated with 

to increase or decrease, depending on the legume species, 

changes in soil density. These data corroborate those of 

planting density and biomass production. 

Lanzanova  et  al.  (2007),   who  studied  the  effects  of 

In silvopastoral systems, most litter deposition occurs 

grazing on water infiltration rates in soils, finding greater 

near  the  tree  trunks  (Silva  et  al.  2013),  which  might 

WIR  values  in  ungrazed  areas  and  decreasing  values as 

influence  the  reduction  of  soil  pH.  Greater  litter 

grazing  became  more  intense.  In  our  research,  the 

accumulation leads to greater amounts of litter nutrients 

increases  in  soil  density  as  distance  from  tree  legumes 

being  mineralized.  As  a  result,  more  leaching  of  ex-

increased  (Table  3)  was  reflected  in  decreases  in  WIR. 

changeable bases due to release of anions from OM might 

Bertol et al. (2001) showed that heavy clay soils have a 

occur (Balbinot et al. 2010). However, Pavan et al. (1986) 

low percentage of the pore volume occupied by air, which 

obtained  an  increase  in  soil  pH  in  an  area  with  greater 

leads to greater rates of runoff water, lower retention of 

litter deposition. Several studies on silvopastoral systems 

water  and  consequently  lower  infiltration  capacity. 

indicated  that  the  benefits  brought  by  the  trees  to  soil 

Prevedello  (1996) also  pointed  out  that the reduction  in 

fertility  of  the  pastures  tend  to  increase  over  time  with 

WIR with time can be influenced by factors that operate 

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775) 

 Soils in a silvopastoral system    21 

on  the  soil  surface,  such  as  surface  sealing  due  to  the 

agrosilvopasture  (combination  of  trees,  crops  and 

impact of raindrops, which may be reduced by the canopy 

livestock,  grown  on  a  particular  site)  and  intensive 

of tree legumes. Roots of tree legumes in the silvopastoral 

cultivation. Perin et al. (2000) also observed greater soil 

systems used in this experiment might favor soil physical 

moisture when soil was covered with a thick litter layer of 

aspects,  maintaining  and  improving  soil  structure  and 

herbaceous legumes. 

increasing WIR (Hernández 1998).  

The increase in soil moisture as distance from the tree 

Excretion  of organic  acids and inorganic  compounds 

legume rows increased meant that grasses growing in the 

(e.g. P and K) by roots can influence soil characteristics, 

middle  of  the  grass  strips  suffered  reduced  competition 

as  they  allow  for  increased  dissolution  of  mineral 

for soil moisture from the trees, while still having some 

substances  and  contribute  to  the  development  of 

shade to assist retention of soil moisture (Table 3). Near 

rhizosphere  microorganisms  (Cintra  et  al.  1999).  Roots 

tree rows, there was reduced soil cover because of greater 

can also favor SOM accumulation, as Lehmann and Zech 

competition for resources between herbaceous and woody 

(1998)  found  that  the  litter  produced  by  the  renewal  of 

vegetation. 

roots adds about 20‒50% of the total root biomass to the 



SOM pool, while only 10‒20% of litter arising from the 

 Soil density 

aerial parts is transformed into SOM (Schroth et al. 1999). 



Since roots are more recalcitrant than leaves and stems, a 

Average soil density was 1.2 g/cm3, which is adequate for 

greater proportion of original root biomass ends up in the 

root  development  (Alvarenga  et  al.  1996; Corsini  and 

SOM pool than leaves and stems. 

Ferraudo  1999).  According  to  Argenton  et  al.  (2005),  



characterization  of  soil  density  depends  on  its  textural 

 Gravimetric moisture 

class  and  Rosenberg  (1964)  and  Cintra  and  Mielniczuk 



(1983) suggest that each soil type has a critical density, 

The greater soil moisture in signalgrass monoculture was 

which  can  reduce  or  even  prevent  root  development. 

probably due to the competition by different species for 

Reichert et al. (2003) showed that 1.4 g/cm3 is considered 

water. Legumes are less efficient in water usage than C4 

the critical soil density for satisfactory growth of the root 

grasses.  On  average,  legumes  use  800  kg  of  water  to 

system  of  plants  in  clay  soils,  but  Reinert  et  al.  (2008) 

produce 1 kg of dry matter, while C4 plants use 300 kg of 

indicated a greater soil density (1.85 g/cm3) as critical for 

water  to  produce  the  same  amount  of  DM  (Taiz  and 

legumes and other vegetables in clayey soils. 

Zeiger  2004;  Marenco  and  Lopes  2009).  Plant  species 

The lower soil density near the trees (Table 3) can be 

have  a  marked  influence  on  water  availability  in 

attributed  to  the  existence  of  microfauna  near  the  trees 

silvopastoral  systems  and  Vanzela  and  Santos  (2013) 

(Miranda et al. 1998; Dunger et al. 2005; Dias et al. 2007) 

highlighted  that  the  use  of  eucalypts  in  silvopastoral 

as  well  as  a  greater  SOM  accumulation  between  trees, 

systems  increased  competition  for  water  and  nutrients 

increasing the amount of soil aggregates. Iori et al. (2012) 

between the trees and the associated grass. 

studied  soil  density  and  soil  moisture  in  degraded 

Andrade and Valentim (1999) showed that shading is 

pastures,  banana  cultivation,  a  silvopastoral  system  and 

a positive factor in maintaining soil moisture, resulting in 

preserved forest. They found greater soil moisture in less 

satisfactory forage development in silvopastoral systems. 

dense  soil,  which  can  be  correlated  with  the  shading 

In  natural  shading  conditions,  however,  trees  also 

potential and greater SOM in these areas. Beltrame et al. 

compete  with  one  another and  the  grass for  light,  water 

(1981)  stated  that  soil  moisture  affects  the  cohesion 

and  nutrients.  Therefore,  the  water  requirements  of  the 

between soil particles, with increases in aggregation when 

tree  legumes  might  have  contributed  to  reduced  soil 

soil moisture is limited, which hinders their separation by 

moisture near the trees in the current research. 

external forces (Silveira et al. 2010).  

Another  aspect  that  should  be  highlighted  is  the  fact 



that, during the collection period, the grass monoculture 

 Light fraction of soil organic matter 

was  approximately  60  cm  tall,  which  provided  100% 

  

ground  cover,  helping  to  maintain  soil  moisture.  In  the 

While vegetation cover did not affect the light fraction of 

silvopastoral systems, tall trees with dense canopies might 

SOM  (P  =  0.22),  in  the  mixed  pastures  sabiá  presented 

have compromised production of signalgrass, which has 

greater values of SOM than gliricidia (Table 4). Chan et 

only  moderate  shade  tolerance  and  might  suffer 

al.  (2002)  and  Zinn  et  al.  (2005)  observed  that  SOM 

production  loss  due  to  shading  (Schreiner  1987).  In 

stocks are directly related to residue inputs, their rate of 

contrast to this, Aguiar et al. (2006) recorded greater soil 

decomposition and SOM fractionation. They pointed out 

moisture  in  silvopastoral  systems  compared  with 

that  the  replacement  of  conventional  farming  systems 

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775) 

22    H.N.B. Lima, J.C.B. Dubeux Jr., M.V.F. Santos, A.C.L. Mello, M.A. Lira and M.V. Cunha with  improved  systems,  such  as  silvopastures,  changes 

sistemas agroflorestais no município de Sobral, CE. Revista 

the  dynamics  of  litter  accumulation  and  litter 

Ciência Agronômica 37:270–278.  goo.gl/1MSAV5 

decomposition  rate,  and  consequently  generates  greater 

Alvarenga RC; Costa LM; Moura Filho W; Regazzi AJ. 1996. 

increases in the light fraction of SOM. Similarly, Maia et 

Crescimento de raízes de leguminosas em camadas de solo 

al.  (2008)  showed  greater  amounts  of  light  fraction  of 

compactadas  artificialmente.  Revista  Brasileira  de  Ciência 

do Solo 20:319–326.  goo.gl/vtyHS3 

SOM  in  silvopastoral  systems  (38.2  g/dm3)  than  in 

Andrade CMS; Valentim JF. 1999. Adaptação, produtividade e 

conventional tillage (28.4 g/dm3), because of greater litter 

persistência de  Arachis pintoi submetido a diferentes níveis 

input  from  trees.  The  amount  of  light  fraction  in  the 

de sombreamento. Revista Brasileira de Zootecnia 28:439–

system is directly related to the litter deposited on the soil. 

445. DOI: 10.1590/S1516-35981999000300001 

Light fraction of SOM is composed of litter and organic 

Andrade CMS de; Valentim JF; Carneiro JC. 2002. Árvores de 

matter in intermediate stages of decomposition (Souza et 

baginha  ( Stryphnodendron  guianense  (Aubl.)  Benth.)  em 

al. 2006) and its level at any given time is the net balance 

ecossistemas  de  pastagens  cultivadas  na  Amazônia 

between its deposition and decomposition (Fraga 2002).  

Ocidental.  Revista  Brasileira  de  Zootecnia  31:574–582. 

Phenolic  substances  found  in  plants  often  influence 

DOI: 10.1590/S1516-35982002000300006 

litter  decomposition  rate  and,  consequently,  nutrient 

Apolinário  VXO;  Dubeux  Jr.  JCB;  Lira  MA;  Ferreira  RLC; 

cycling,  affecting  the  composition  and  activity  of 

Mello ACL; Santos MVF; Sampaio EVSB; Muir JP. 2015. 

Tree legumes provide marketable wood and add nitrogen in 

decomposing communities of the system (Hättenschwiler 

warm-climate  silvopasture  systems.  Agronomy  Journal 

and Vitousek 2000). Among these substances, flavonoids 

107:1915–1921. DOI: 10.2134/agronj14.0624 

are  characterized  by  their  recalcitrance,  with  condensed 

Apolinário VXO; Dubeux Jr. JCB; Lira MA; Sampaio EVSB; 

tannin  (CT)  concentration  usually  correlating  with  low 

Amorim SO; Silva NGM; Muir JP. 2016. Arboreal legume 

decomposition  rates  (Burhenne  et  al.  2013). Nozella 

litter  nutrient  contribution  to  a  tropical  silvopasture. 

(2001) found  high levels  of condensed tannins (near 6.9 

Agronomy  Journal  108:2478–2484.  DOI:  10.2134/ 

g/kg  DM  in  gliricidia),  while  Balogun  et  al.  (1998) 

agronj2016.02.0120 

determined mean values of 0.8%. Beelen (2002), however, 

Argenton  J;  Albuquerque  JA;  Bayer  C;  Wildner  LP.  2005. 

showed  greater  values  in  sabiá,  reaching  up  to  20.1%. 

Comportamento de atributos relacionados com a forma da 

Greater  CT  concentration  in  sabiá  might  explain  the 

estrutura de Latossolo Vermelho sob sistemas de preparo e 

greater light fraction of SOM observed in the silvopasture 

plantas de cobertura. Revista Brasileira de Ciência do Solo 

29:425–435. DOI: 10.1590/S0100-06832005000300013 

with this species, compared with the one with gliricidia. 

Balbino  LC;  Cordeiro  LAM;  Oliveira  P;  Kluthcouski  J; 



Oliveira  P;  Galerani  PR;  Vilela  L.  2012.  Agricultura 

Conclusions 

sustentável  por  meio  da  integração  lavoura-pecuária-



floresta  (iLPF).  Informações  Agronômicas  138:1–18. 

This study has shown that incorporation of tree legumes in 

goo.gl/WQpUKk 

rows  within  a  signalgrass  pasture  can  improve  soil 

Balbinot  E;  Carneiro  JGA;  Barroso  DG;  Paulino  GM; 

chemical composition over time as well as increasing WIR 

Lamônica  KB.  2010.  Crescimento  inicial  e  fertilidade  do 

in the soil, and the concentration of light fraction SOM near 

solo  em  plantios  puros  e  consorciados  de   Mimosa 

the trees. These findings indicate that silvopastoral systems 

 caesalpiniifolia  Benth.  Scientia  Forestalis  38:27–37. 

using tree legumes can potentially serve as greater C sinks 

goo.gl/nvuLgd 

than pure grass pastures as well as providing other services 

Balogun  RO;  Jones  RJ;  Holmes  JHG. 1998.  Digestibility  of 

to  farmers.  However,  long-term  results  coupled  with  life 

some  tropical  browse  species  varying  in  tannin  content. 

Animal  Feed  Science  and  Technology  76:77–88.  DOI: 

cycle  assessments  are  necessary  to  determine  what 

10.1016/s0377-8401(98)00210-7 

productivity increases will result. 

Beelen  PMG.  2002.  Taninos  condensados  de  leguminosas 



nativas do semi-árido nordestino. Ph.D. Thesis. Universidade 

References 

Estadual Paulista, Jaboticabal, SP, Brazil. goo.gl/3dMHXE 



Bell LW; Kirkegaard JA; Swan  A; Hunt JR; Huth NI; Fettell 

Abdulrazak  SA;  Muinga  RW;  Thorpe  W;  Ørskov  ER.  1997. 

NA. 2011. Impacts of soil damage by grazing livestock on 

Supplementation  with   Gliricidia  sepium  and   Leucaena 

crop  productivity.  Soil  and  Tillage  Research  113:19–29. 

 leucocephala on voluntary food intake, digestibility, rumen 

DOI: 10.1016/j.still.2011.02.003 

fermentation and live weight of crossbred steers offered  Zea 

Beltrame  LFS;  Gondin  LAP;  Taylor  JC.  1981.  Estrutura  e 

 mays  stover. Livestock Production Science 49:53–62. DOI: 

compactação na permeabilidade de solos do Rio Grande do 

10.1016/S0301-6226(97)00018-3 

Sul. Revista Brasileira de Ciência do Solo 5:145–149. 

Aguiar  MI;  Maia  SMF;  Oliveira  TS;  Mendonça  ESE;  Araujo 

Bertol I; Beutler JF; Leite D; Batistela O. 2001. Propriedades 

Filho  JA.  2006.  Perdas  de  solo,  água  e  nutrientes  em 

físicas  de  um  cambissolo  húmico  afetadas  pelo  tipo  de 

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775) 

 Soils in a silvopastoral system    23 

manejo  do  solo.  Scientia  Agrícola  58:555–560.  DOI: 

CPRH (Companhia Pernambucana do Meio Ambiente). 2003. 

10.1590/S0103-90162001000300018 

Diagnóstico 

socioambiental 

do 

Litoral 

Norte 

de 

Bouwer H. 1986. Intake rate: Cylinder infiltrometer. In: Klute 

Pernambuco. CPRH, Recife, PE, Brazil. goo.gl/n36ioT  

A,  ed.  Methods  of  soil  analysis:  Part  1  -  Physical  and 

Dias  PF;  Souto  SM;  Resende  AS;  Moreira  JF;  Polidoro  JC; 

mineralogical  methods.  SSSA  Book  Series  5.1.  2nd  Edn. 

Campello  EFC;  Franco  AA.  2006.  Influência  da  projeção 

Soil  Science  Society  of  America,  American  Society  of 

das  copas  de  espécies  de  leguminosas  arbóreas  nas 

Agronomy, Madison, WI, USA. p. 825–844. DOI: 10.2136/ 

características  químicas  do  solo.  Pasturas  Tropicales 

sssabookser5.1.2ed.c32 

28(2):8–17.  goo.gl/Fx35XZ 

Burhenne  L;  Messmer  J;  Aicher  T;  Laborie  MP.  2013.  The 

Dias PF; Souto SM; Correia MEF; Rodrigues KM; Franco AA. 

effect  of  the  biomass  components  lignin,  cellulose  and 

2007.  Efeito  de  leguminosas  arbóreas  sobre  a  macrofauna 

hemicellulose on TGA and fixed bed  pyrolysis. Journal of 

do solo em pastagem de  Brachiaria brizantha cv. Marandu. 

Analytical  and  Applied  Pyrolysis  101:177–184.  DOI: 

Pesquisa Agropecuária Tropical 37:38–44.  goo.gl/cFPdh4 

10.1016/j.jaap.2013.01.012 

Dunger  J;  Purtauf  T;  Allspach  A;  Frisch  J;  Voigtländer  K; 

Camarão  AP;  Simão  Neto  M;  Serrão  EAS;  Rodrigues  IA; 

Wolters V. 2005. Local vs. landscape controls on diversity: 

Lascano CE. 1990. Identificação e composição química de 

A  test  using  surface-dwelling  soil  macroinvertebrates  of 

espécies de invasoras consumidas por bovinos em pastagens 

differing  mobility.  Global  Ecology  and  Biogeography 

cultivadas em Paragominas, Pará. Boletim de Pesquisa 104. 

14:213–221. DOI: 10.1111/j.1466-822x.2005.00150.x 

EMBRAPA-CPATU, Belém, PA, Brazil.  goo.gl/qAzyxY  

Embrapa.  1979.  Manual  de  métodos  de  análise  de  solo. 

Carduro  FA;  Dorfman  R.  1988.  Manual  de  ensaios  de 

EMBRAPA-CNPS, Rio de Janeiro, RJ, Brazil. goo.gl/p3pbSf 

laboratório  e  de  campo  para  irrigação  e  drenagem. 

Embrapa.  2006.  Sistema  brasileiro  de  classificação  de  solos. 

PRONI/MA,  Universidade  Federal  do  Rio  Grande  do  Sul, 

2nd  Edn.  Embrapa  Solos,  Rio  de  Janeiro,  RJ,  Brazil. 

Porto Alegre, RS, Brazil. goo.gl/bJBXLz 

goo.gl/qx66bR 

Carvalho  MM;  Xavier  DF;  Alvim  MJ.  2003.  Arborização 

Fraga VS. 2002. Mudanças na matéria orgânica (C, N e P) de 

melhora  a  fertilidade  do  solo  em  pastagens  cultivadas. 

solos  sob  agricultura  de  subsistência.  Ph.D.  Thesis. 

Comunicado Técnico. Embrapa Gado de Leite, Juiz de Fora, 

Universidade  Federal  de  Pernambuco,  Recife,  PE,  Brazil. 

MG, Brazil. goo.gl/ZVReQZ  

repositorio.ufpe.br/handle/123456789/9565 

Carvalho R; Goedert WJ; Armando MS. 2004. Atributos físicos 

Haggerty  R;  Gorelick  SM.  1998.  Modeling  mass  transfer 

da qualidade de um solo sob sistema agroflorestal. Pesquisa 

processes  in  soil  columns  with  pore-scale  hetero-

Agropecuária  Brasileira  39:1153–1155.  DOI:  10.1590/ 

geneity. Soil Science Society of America   Journal 62:62–74. 

S0100-204X2004001100015 

DOI: 10.2136/sssaj1998.03615995006200010009x 

Chan KY; Heenan DP; Oates A. 2002. Soil carbon fractions and 

Hättenschwiler S; Vitousek PM. 2000. The role of polyphenols 

relationship to soil quality under different tillage and stubble 

in terrestrial ecosystem nutrient cycling. Trends in Ecology 

management. Soil and Tillage Research 63:133–139. DOI: 

&  Evolution  15:238–243.  DOI:  10.1016/s0169-5347(00) 

10.1016/s0167-1987(01)00239-2 

01861-9 

Cintra FLD; Mielniczuk J. 1983. Potencial de algumas espécies 

Hernández M. 1998. El uso de los árboles como mejoradores de 

para  a  recuperação  de  solos  com  propriedades  físicas 

los suelos y de la productividad de las gramíneas forrajeras. 

degradadas. Revista Brasileira de Ciência do Solo 7:197–201. 

Pastos y Forrajes 21:283–292.  goo.gl/J861Vc 

Cintra  FLD;  Libardi  PL;  Jorge  LAC.  1999.  Distribuição  do 

Iori  P;  Dias  Jr.  MS;  Silva  RB.  2012.  Resistência  do  solo  à 

sistema radicular de porta-enxertos de citros em ecossistema 

penetração e ao cisalhamento em diversos usos do solo em 

de  tabuleiro  costeiro.  Revista  Brasileira  de  Fruticultura 

áreas  de  preservação  permanente.  Bioscience  Journal 

21:313–317. 

28:185–195.  goo.gl/ror8YT 

Correia  KG;  Araújo  Filho  RN  de;  Menezes  RSC;  Souto  JS; 

Jacomine PKT; Cavalcanti AC; Burgos N; Pessoa SCP; Silveira 

Fernandes  PD.  2015.  Atividade  microbiana  e  matéria 

CO. 1972. Levantamento exploratório - reconhecimento de 

orgânica  leve  em  áreas  de  Caatinga  de  diferentes  estágios 

solos do estado de Pernambuco: Descrição de perfis de solos 

sucessionais  no  semiárido  paraibano.  Revista  Caatinga 

e  análises.  Boletim  Técnico  26.  Divisão  de  Pesquisa 

28:196–202.  goo.gl/HNyG71 

Pedológica, Recife, PE, Brazil. goo.gl/bjwhhg 

Corsini PC; Ferraudo AS. 1999. Efeitos de sistemas de cultivo na 

Jinbo  Z;  Changchun  S;  Shenmin  W.  2007.  Dynamics  of  soil 

densidade e macroporosidade do solo e no desenvolvimento 

organic  carbon  and  its  fractions  after  abandonment  of 

radicular  do  milho  em  Latossolo  Roxo.  Pesquisa 

cultivated  wetlands  in  northeast  China.  Soil  and  Tillage 

Agropecuária Brasileira 34:289–298. goo.gl/yTMwhs 

Research 96:350–360. DOI: 10.1016/j.still.2007.08.006 

Costa SBM; Mello ACL de; Dubeux Jr. JCB; Santos MVF dos; 

Juma  HK;  Abdulrazak  SA;  Muinga  RW.  2006.  Effects  of 

Lira MA; Oliveira JTC; Apolinário VXO. 2016. Livestock 

supplementing  maize  stover  with  clitoria,  gliricidia  and 

performance  in  warm-climate  silvopastures  using  tree 

mucuna on performance of lactating Jersey cows in coastal 

legumes.  Agronomy  Journal  108:2026–2035.  DOI: 

lowland  Kenya.  Tropical  and  Subtropical  Agroecosystens 

10.2134/agronj2016.03.0180 

6:1–7.  goo.gl/KohvRL 

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775) 

24    H.N.B. Lima, J.C.B. Dubeux Jr., M.V.F. Santos, A.C.L. Mello, M.A. Lira and M.V. Cunha Kemp  D;  Michalk  D.  2005.  Grasslands  for  production  and  the 

Prevedello CL. 1996. Física do solo com problemas resolvidos. 

environment.  In:  McGilloway  DA,  ed.  Grassland:  A  global 

Salesward-Discovery, Curitiba, PR, Brazil. 

resource. Wageningen Academic Publishers, Wageningen, The 

Rangel  OJP;  Silva  CA.  2007.  Estoques  de  carbono  e 

Netherlands. p. 193–208. DOI: 10.3920/978-90-8686-551-2 

nitrogênio e frações orgânicas de latossolo submetido 

Lanzanova ME; Nicoloso RS; Lovato T; Eltz FLF; Amado TJC; 

a  diferentes  sistemas  de  uso  e  manejo.  Revista 

Reinert DJ. 2007.  Atributos  físicos do solo em sistema de 

Brasileira  de  Ciência  do  Solo  31:1609–1623.  DOI: 

integração  lavoura-pecuária  sob  plantio  direto.  Revista 

10.1590/S0100-06832007000600037 

Brasileira  de  Ciência  do  Solo  31:1131–1140.  DOI: 

Reichert JM; Reinert DJ; Braida JA. 2003. Qualidade dos solos 

10.1590/S0100-06832007000500028 

e  sustentabilidade  de  sistemas  agrícolas.  Ciência  & 

Lehmann  J;  Zech  W.  1998.  Fine  root  turnover  of  irrigated 

Ambiente 27:29–48. goo.gl/x356Gi 

hedgerow intercropping in Northern Kenya. Plant and Soil 

Reinert  DJ;  Albuquerque  JA;  Reichert  JM;  Aita  C;  Andrada 

198:19–31. DOI: 10.1023/A:1004293910977 

MMC.  2008.  Limites críticos de densidade do solo para o 

Loss  A;  Ribeiro EC; Pereira MG; Costa EM. 2014.  Atributos 

crescimento de raízes de plantas de cobertura em argissolo 

físicos  e  químicos  do  solo  em  sistemas  de  consórcio  e 

vermelho. Revista Brasileira de Ciência do Solo 32:1805–

sucessão  de  lavoura,  pastagem  e  silvipastoril  em  Santa 

1816. DOI: 10.1590/S0100-06832008000500002 

Teresa,  ES.  Bioscience  Journal  30:1347–1357. goo.gl/ 

Rosenberg NJ. 1964. Response of plants to the physical effects 

nhdrG1 

of  soil  compaction.  Advances  in  Agronomy  16:181–196. 

Maia  SMF;  Xavier  FAS;  Oliveira  TS;  Mendonça  ES;  Araújo 

DOI: 10.1016/s0065-2113(08)60024-3 

Filho JAA. 2008.  Frações de nitrogênio em  Luvissolo sob 

SAS. 2007. SAS User's guide. 9.2 version. Statistical Analysis 

sistemas  agroflorestais  e  convencional  no  semi-árido 

System Institute Inc., Cary, NC, USA. 

cearense. Revista Brasileira de Ciência do Solo 32:381–392. 

Schreiner  HG.  1987.  Tolerância  de  quatro  forrageiras  a 

DOI: 10.1590/S0100-06832008000100036 

diferentes  graus  de  sombreamento.  Boletim  de  Pesquisa 

Marenco RA; Lopes NF. 2009. Fisiologia vegetal: Fotossíntese, 

Florestal 15:61–72. goo.gl/cPcPVo 

respiração,  relações  hídricas  e  nutrição  mineral.  3rd  Edn. 

Schroth G; Silva LF da; Seixas R; Teixeira WG; Macêdo JLV; 

Editora UFV, Viçosa, MG, Brazil.  goo.gl/bmarenfgUGX 

Zech  W.  1999.  Subsoil  accumulation  of  mineral  nitrogen 

Miranda CHB; Santos JCC dos; Bianchin I. 1998. Contribuição 

under polyculture and monoculture plantations, fallow and 

de  Onthophagus gazella a melhoria da fertilidade do solo pelo 

primary  forest  in  a  ferralitic  Amazonian  upland  soil. 

enterrio de massa fecal bovina fresca. 1. Estudo em casa de 

Agriculture, Ecosystems & Environment 75:109–120. DOI: 

vegetação. Revista Brasileira de Zootecnia 27:681–685. 

10.1016/s0167-8809(99)00068-7 

Nozella  EF.  2001.  Determinação  de  taninos  em  plantas  com 

Silva  AB;  Lira  Jr.  MA;  Dubeux  Jr.  JCB;  Figueiredo  MVB; 

potencial forrageiro para ruminantes. M.Sc. Thesis. Escola 

Vicentin RP. 2013. Estoque de serapilheira e fertilidade do 

Superior de Agricultura Luiz  de Queiroz,  Universidade de 

solo em pastagem degradada de  Brachiaria decumbens após 

São Paulo, Piracicaba, SP, Brazil.  goo.gl/GDK9JB 

implantação  de  leguminosas  arbustivas  e  arbóreas 

Oliveira  JCM  de;  Reichardt  K;  Bachi  OOS;  Timm  LC; 

forrageiras. Revista Brasileira de Ciência do Solo 37:502–

Dourado-Neto  D;  Trivelin  PCO;  Tominaga  TT;  Navarro 

511. DOI: 10.1590/S0100-06832013000200021 

RC; Piccolo MC; Cássaro FAM. 2000. Nitrogen dynamics 

Silveira DC; Melo Filho JF de; Sacramento JAAS do; Silveira 

ECP.  2010.  Relação  umidade  versus  resistência  à 

in a soil-sugar cane system. Scientia Agricola 57:467–472. 

penetração  para  um  argissolo  amarelo  distrocoeso  no 

DOI: 10.1590/S0103-90162000000300015 

recôncavo da Bahia. Revista Brasileira de Ciência do Solo 

Ondiek  JO;  Abdulrazak  SA;  Tuitoek  JK;  Bareeba  FB.  1999. 

34:659–667. DOI: 10.1590/S0100-06832010000300007 

The  effects  of   Gliricidia  sepium  and  maize  bran  as 

Souza  AA  de;  Espíndola  GB.  2000.  Bancos  de  proteína  de 

supplementary feed to Rhodes grass hay on intake, digestion 

leucena e de guandu para suplementação de ovinos mantidos 

and  live  weight  of  dairy  goats.  Livestock  Production 

em  pastagens  de  capim-buffel.  Revista  Brasileira  de 

Science 61:65–70. DOI: 10.1016/s0301-6226(99)00004-4 

Zootecnia 29:365–372. DOI: 10.1590/S1516-35982000000 

Padovan MP; Pereira ZV. 2012. Integração lavoura - pecuária -

200007 

floresta.  Revista  A  Lavoura,  ano  115,  n°.  690,  p.  16–18. 

Souza ED de; Carneiro MAC; Paulino HB; Silva CA; Buzetti S. 

Sociedade  Nacional  de  Agricultura,  Rio  de  Janeiro,  RJ, 

2006.  Alterações  nas  frações  do  carbono  em  um  neossolo 

Brazil. goo.gl/zK7SEj 

quartzarênico submetido a diferentes sistemas de uso do solo. 

Pavan  MA;  Caramori  PH;  Androcioli  Filho  A;  Scholz  MF. 

Acta Scientiarum. Agronomy 28:305–311. goo.gl/2jc2mq 

1986.  Manejo  da  cobertura  do  solo  para  formação  e 

Taiz  L;  Zeiger  E.  2004.  Fisiologia  vegetal.  3rd  Edn.  Artmed, 

produção  de  uma  lavoura  cafeeira.  I.  Influência  na 

Porto Alegre, RS, Brazil. 

fertilidade  do  solo.  Pesquisa  Agropecuária  Brasileira 

Vanzela  JYA;  Santos  GB.  2013.  Sistemas  silvipastoris  como 

21:187–192.  goo.gl/WhuUpX 

alternativa para o aumento da produtividade da propriedade 

Perin A; Guerra JGM; Teixeira MG. 2000. Efeito da morfologia 

rural:  Revisão.  In:  Anais  do  Simpósio  Nacional  de 

radicular de leguminosas herbáceas perenes na umidade de 

Tecnologia em Agronegócio. Perspectivas e Tendências em 

um  argissolo.  Comunicado  Técnico  44.  Embrapa 

Bioenergia e Produção de Alimentos. Ourinhos, SP, Brazil, 

Agrobiologia, Seropédica, RJ, Brazil. goo.gl/qgu58U 

16‒18 October 2013. p. 1‒10. 

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775) 



 Soils in a silvopastoral system    25 

Vendramini JMB; Dubeux Jr. JCB; Silveira ML. 2014. Nutrient 

município  de  Córrego  Novo,  MG.  M.Sc.  Thesis .  

cycling in tropical pasture ecosystems. Revista Brasileira de 

Universidade Federal de Viçosa, Viçosa, MG, Brazil. 

Ciências  Agrárias  (Agrária)  9:308–315. DOI:  10.5039/ 

Xavier  DF;  Carvalho  MM;  Alvim  MJ;  Botrel  MA.  2003. 

agraria.v9i2a3730 

Melhoramento  da  fertilidade  do  solo  em  pastagem  de 

Vieira Jr. LC; Factori MA; Cabral WB. 2005. Distribuição das 

 Brachiaria decumbens associada com leguminosas arbóreas. 

excretas  de  bovinos  em  pastagem.  Radar  Técnico 

Pasturas Tropicales 25(1):21–26.  goo.gl/NxaUWZ 

MilkPoint.  goo.gl/7Pux9f (accessed 24 November 2017)  

Zinn  YL;  Lal  R;  Resck  DVS.  2005.  Changes  in  soil  organic 

Vitorino  ACT.  1986.  Caracterização  e  interpretação  para  uso 

carbon stocks under agriculture in Brazil. Soil  and Tillage 

agrícola,  de  solos  de  terraço  fluvial,  no  médio  Rio  Doce, 

Research 84:28–40. DOI: 10.1016/j.still.2004.08.007 







 (Received for publication 14 February 2017; accepted 02 October 2017; published 31 January 2018) 



© 2018 





 Tropical  Grasslands-Forrajes  Tropicales  is  an  open-access  journal  published  by   International  Center  for  Tropical Agriculture  (CIAT).  This  work  is  licensed  under  the  Creative  Commons  Attribution  4.0  International  (CC  BY  4.0) license. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 

Tropical Grasslands-Forrajes Tropicales (ISSN: 2346-3775) 





index-3_1.png
OOOO&? OOOO(%J OOOOOE

00000

00000 00000

00000






index-11_1.png





