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Abstract: The presence of trees in the pastures can bring several benefits to both the animals and to the soil under their influence. 
Thus, the objective of this study was to evaluate the levels of organic carbon and nitrogen under the baru canopy in the soil profile. 
Four adult baru trees were used. The samplings were made at the four cardinal points at four different distance points from the 
projection radius of the crown, being: P1 = one-third of the crown projection radius length; P2 = two-thirds of the crown projection 
radius length; P3 = extremity of the crown projection radius; P4 = one and a half times the maximum crown projection radius length. 
Soil samples were collected at each point at depths of 0-0.10, 0.10-0.20 and 0.20-0.40 m. Organic carbon and nitrogen contents were 
evaluated and the C/N ratio was calculated. The baru trees influenced the soil organic and carbon contents in the areas under their 
canopy. The organic carbon and nitrogen contents were higher in relation to the tree trunk (P1) and also in the most superficial layer 
of the soil (0-0.10 m). The C/N ratio was higher outside the tree canopy and in the deeper layer. 
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1. Introduction 

In the state of Mato Grosso do Sul, pasture areas 
suffer from local climatic conditions such as drought 
periods, leading to low forage yield and consequently 
low pasture nutritional value [1]. Not only the climate 
but also a conversion of the initial ecosystem to 
pasture leads to a significant reduction in the net 
nitrogen (N) mineralization rates in the soil, thus its 
incorporation becomes one of the alternatives for 
pasture recovery; fertilizers may also be used, even if 
only a few are used due to their economic 
unfeasibility, as well as intercropping with forage 
legumes. However, in spite of the numerous 
advantages, pastures are in most cases dominated by 
forage. Thus, one of the options to be considered as a 
way to not only minimize this low yield of the grass, 
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but also the soil quality and wood commercialization 
is the afforestation of pastures, where the use of 
N-fixing tree legumes becomes an alternative [2, 3]. 

In this aspect, baru (Dipteryx alata Vog), also 
known as cumbaru or cumaru, belonging to the 
Fabaceae family, Faboideae subfamily, is a tree 
legume with an average size of 15 meters, and stands 
out as one of the widely occurring cerrado species in 
Central Brazil and in the states of São Paulo and 
Minas Gerais [4]. It does not represent a threat to 
livestock, and does not adversely affect pasture, as it 
remains in cattle-raising areas after pasture [5], 
forming an intuitive silvipastoral system [6].  

This permanence of baru trees in pasture areas can 
be explained by the beneficial factors related to grass, 
soil and livestock. These positive results can be seen 
in pasture growth and quality [7], better fertility levels 
and higher nutrient content in forage under its canopy, 
as well as providing shelter for cattle, wood 
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production and a high energy and nutritional value of 
fruits [8, 9].  

For Ref. [2], many causes are identified as being 
responsible for improved soil fertility under the 
presence of trees, especially in the topsoil. In their 
study, higher organic matter and total N values were 
found under the canopy of Stryphnodendron 
guianense (Aubl.) Benth. than in areas adjacent to it. 

In a study on the effect of two native cerrado tree 
species (baru and pequi) on the soil and forage 
properties of Urochloa decumbens Stapf, Ref. [10] 
found that carbon (C) total nitrogen (N), calcium (Ca), 
potassium (K) and magnesium (Mg) stocks at a soil 
depth of 0.30 m presented higher concentration values 
beneath the tree canopy than outside them, confirming 
the beneficial factors formed by the intuitive 
silvipastoral system. In addition, forests with arboreal 
species that form symbiosis with nitrogen-fixing 
bacteria accumulate more C in the soil than when 
compared to forests where these trees do not occur 
[11]. 

In comparing the organic matter contents between 
Eucalyptus sp. and Acacia mangium, Ref. [12] 
verified higher saturation percentages by base (V%) in 
the soil under planting of E. grandis than under A. 
mangium due to the lower carbon content found in 
Eucalyptus soils.  

Since higher levels of organic C stock contribute as 
a source of nutrients and provide greater cation 
exchange capacity, interfere in physical and chemical 
soil attributes, as well as influence the availability of 
nutrients such as phosphorus, sulfur and nitrogen [10], 
the importance that this increase can cause in the soil 
is apparent. 

Although baru trees are extremely important to the 
cerrado ecosystem and an excellent alternative for 
pasture recovery, there is still only a little amount of 
research that has been conducted on this subject. Thus, 
the objective of this work was to evaluate the organic 
carbon and nitrogen levels in the soil profile under a 
baru canopy in a pasture area. 

2. Material and Methods 

This study was conducted in rural properties located 
between the municipalities of Chapadão do Sul and 
Paraíso das Águas, Mato Grosso do Sul, which had 
adult Dipteryx alata Vog (baru) species and were 
located in pasture areas. The study area belongs to the 
cerrado biome. The landscape is characterized by 
grassland, with small forest clusters and isolated trees. 
According to the Köppen classification, the climate of 
this region is tropical humid (Aw), presenting an 
average annual temperature of 13 ºC to 28 ºC, average 
annual precipitation of 1,850 mm, with well-defined 
seasons, being rainy in the summer and dry in winter 
[13]. The soil of this region was classified as medium 
texture Red Latosol Dystrophic [14]. 

Four adult baru trees born spontaneously and under 
an extensive grazing system were randomly selected 
for the sampling. The selected trees had an average 
crown diameter of 13.3 m, and a canopy area of 143 
m². Grazing was carried out exclusively by cattle on 
all the properties. 

Soil samples were collected in March 2015, under 
the tree canopy influence area. For the location of the 
sampling points, the crown projection radii were 
considered in the direction of the cardinal points 
(North, South, East and West). Four samples were 
collected along the projection radius of the tree 
canopy by taking the tree trunk as a starting point in 
the direction of each cardinal point under the tree 
canopy, with each position being: P1 = one third of 
the crown projection radius length; P2 = two-thirds of 
the crown projection radius length; P3 = extremity of 
the crown projection radius; P4 = one and a half times 
the distance of the crown projection radius (under 
open area). The samples at each point were collected 
at depths of 0-0.10, 0.10-0.20 and 0.20-0.40 m, 
obtaining a simple sample for each point and depth. 

The total N and organic carbon analyses were 
performed at the Forest Engineering Laboratory of the 
Federal University of Mato Grosso do Sul. N content 
in the soil was determined by the Kjeldahl method, 
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described by Ref. [15], while the C content was 
defined by the LOI (Weight Loss-On-Ignition) 
method, described by Ref. [16]. 

The statistical design was used in randomized 
blocks in subdivided plots. Each tree constituted a 
block, while the depths constituted the plots and the 
positions formed the subplots. The data were 
submitted to analysis of variance by the F-test and the 
means were compared through the Tukey test at 5% 
probability. 

3. Results and Discussion 

There was a significant influence between soil 
depth and the position of the collection points inside 
and outside the baru canopy for organic C, total N and 
C:N ratio (Table 1). 

At the three evaluated depths (0-0.10, 0.10-0.20 and 
0.20-0.40 m), the organic carbon (OC) content 
differed significantly between the areas under the baru 
canopy (P1, P2 and P3) and open area (P4) (Table 2), 
presenting an increase rate of 20.51% in the 0 to 0.10 
m layer of the soil from the position closest to the 
trunk (P1) to the position outside the canopy (P4). In 
the last layer (0.20-0.40 m), the variation rate found 
for the same points was 12.6%. This result is 
consistent with the behavior found by Ref. [17], in 
which the C concentration in the jacarandá da bahia 

(Dalbergia nigra) canopy influence area presented a 
15% increase in the most superficial layer of the soil 
compared to the area without influence of the 
canopies. 

At the canopy extremity (P3), lower variation rates 
were obtained in relation to the fourth sampling point 
(P4). The 0 to 0.10 m layer presented 7.28% variation, 
and 15.35% variation rate in the 0.10 to 0.20 m layer, 
while it was 4.22% in the deepest layer. In studying 
the effect of two species, baru (Dipteryx alata Vog.) 
and pequi (Caryocar brasiliense), in the 0 to 0.30 m 
soil layer under Urochloa decumbens pasture, Ref. [10] 
observed that the carbon concentration was higher, 
amounting to about 1.34% under baru and 0.97% 
under pequi, where this value decreased to 0.71% in 
areas under full sun. 

Furthermore, by comparing the more superficial 
layers with the deeper layers (Table 2), it was verified 
that the variation rate between the averages of all 
points of the 0-0.10 m to 0.20-40 m layer was 19.88%, 
and the variation rate of the 0.10 to 0.20 m to 0.20 to 
0.40 m layers was lower at 14.69%. In a study on soil 
fertility enrichment in Urochloa decumbens pasture 
associated with tree legumes, Ref. [18] also showed an 
increase in carbon concentration of 23% and 7% under 
an Acacia mangium tree legume canopy in the 0 to 
0.10 and 0.10 to 0.20 m layers, respectively. 

 
Table 1  Mean square values of organic C (g kg-1), N (g kg-1) and C/N of soil collected at different depths and positions under 
a baru canopy influence in a pasture area (Chapadão do Sul, 2015). 

Variation source 
Mean square 
C (mgC/g soil) N (%) C/N 

Block 0.506063 0.000033 5.264395 
Depth (D) 37.518165** 0.005002** 323.706189** 
Error a 0.053051 0.000007 1.236736 
Position (P0) 22.074174** 0.001638** 55.094376** 
P x P0 1.323878** 0.000093** 4.831836** 
Error b 0.127103 0.000006 1.133976 
CV a (%) 1.39 3.75 4.5 
CV b (%) 2.15 3.45 4.31 
Overall mean 16.61 0.07 24.70 

** Significant at 1% probability by the F-test. 
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Table 2  Values of organic carbon (g kg-1) in soil at three depths and at four different positions under the baru canopy and 
outside the canopy (Chapadão do Sul, 2015). 

Depth (m) 
Position 
P1 P2 P3 P4 

0.00-0.10 19.21 aA 19.16 aA 17.1 aA 15.94 aC 
0.10-0.20 18.71 aA 17.90 bB 16.98 aC 14.72 bD 
0.20-0.40 15.73 bA 15.34 cA 14.56 bB 13.97 cB 
Values followed by the same capital letter in the row and lowercase in the column do not differ from each other at the 5% probability 
level by the Tukey test. 
 

The increase in organic carbon content acts as a 
conditioner directly related to soil quality, 
quantitatively participating as the largest organic 
matter soil component, interfering in physical 
attributes such as aggregation, density, water retention 
capacity, aeration, and porosity, as well as in chemical 
attributes, influencing the cation exchange capacity 
and also the availability of nutrients such as 
phosphorus (P), sulfur (S), and mainly nitrogen [19, 
20]. 

Great potential of this association between pasture 
and baru lies in the ability of the producer to diversify 
its form of productive activity. Considering that baru 
seeds attain profitable economic value, the producer 
must not only see this plant as a conditioning factor 
for its pasture, but as an ally for increasing the 
financial profitability of their enterprise [9]. Two ways 
of using baru would justify an investment in this plant 
associated with grazing; one would be its use as a 
wind breaker/barrier around or interspersed among the 
pastures. The other way would be its use as 
silvopastoral system, obtaining all the benefits of the 
plant to the soil and the pasture and additionally one 
could economically exploit the produced seeds. 
However, its use is not limited to this, as it is 
important to always try to find the best way to take 
advantage of each regional situation. 

As with the OC, it was found that nitrogen (N) 
contents for the three evaluated depths also differed 
significantly between depths and areas under and 
outside the influence of the plant (Table 3). The N 
values found in the surface layers were higher for all 
positions. In the 0 to 0.10 m layer, the N content near 

the tree trunk (P1) was 57.57% higher than that 
observed in the open area (P4), and this value was 
41.46% in the 0.20 to 0.40 m layer. According to Ref. 
[17], the positive effect of tree legumes on soil fertility 
occurs, with increase of total N in the soil under the 
treetops. 

For Ref. [18], there are many causes that are 
responsible for improved soil fertility under the 
presence of trees. These authors found greater levels 
of available phosphorus, potassium, exchangeable 
calcium, aggregated exchangeable bases and   
mainly organic matter and total N under a 
Stryphnodendron guianense (Aubl.) Benth. tree 
canopy, and mainly in the superficial layer (0-0.20 m) 
when compared to the soil of adjacent areas to the 
canopy of these trees. 

It is also possible to observe that there is variation 
in the nitrogen content in the soil profile (Table 3). 
When all the points are compared, the nitrogen 
content variation in the 0 to 0.10 m layer is on average 
69.32% higher than the content observed in the 0.20 to 
0.40 m layer, while the variation in the 0.10 to 0.20 m 
layer to the 0.20 to 0.40 m layer was 49.40%. Ref. [17] 
verified that the highest nitrogen levels in the soil 
were found under a jacarandá da bahia (D. nigra) and 
orelha de negro (Enterolobium contortisiliquum) 
legume tree canopy when compared to the open areas, 
obtaining values higher than 50% and 34%, 
respectively, in the 0 to 0.05 m layers. 

It is possible that this enrichment with C and N 
under the Baru canopy may contribute to pasture 
improvement, especially in water stress periods. In 
addition, in warmer times trees contribute to  
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Table 3  Nitrogen values (g kg-1) in the soil at three depths and four different positions under a Baru canopy and outside the 
canopy (Chapadão do Sul, 2015). 

Depth (m) 
Position 
P1 P2 P3 P4 

0.00-0.10 1.04 aA 0.91 aB 0.79 aC 0.66 aD 
0.10-0.20 0.89 bA 0.78 bB 0.71 bC 0.62 aD 
0.20-0.40 0.58 cA 0.52 cB 0.50 cB 0.41 bC 
Values followed by the same capital letter in the row and lowercase in the column do not differ from each other at the 5% probability 
level by the Tukey test. 
 
Table 4  C/N ratio of soil at three depths and in four different positions under the Baru canopy and outside the canopy 
(Chapadão do Sul, 2015). 

Depth (m) 
Position 
1 2 3 4 

0.00-0.10 18.56 aA 21.07 aB 21.74 aB 24.27 aC 
0.10-0.20 20.85 bA 22.83 aAB 23.86 bB 23.90 aB 
0.20-0.40 26.96 cA 29.56 bB 28.85 cAB 33.91 bC 
Values followed by the same capital letter in the row and lowercase in the column do not differ from each other at the 5% probability 
level by the Tukey test. 
 

minimizing the effects of temperature and end up 
attracting animals, which may improve organic 
accumulation resulting from the animals defecating in 
a concentrated area. 

For the C/N ratio (Table 4), higher values were 
found in the 0.20 to 0.40 m soil layer for all evaluated 
points under both the canopy and in full sun. This 
result is inverse to that observed for carbon and 
nitrogen levels, but is explained by the fact that while 
the carbon variation in the 0 to 0.10 m to 0.20 to 0.40 
m layers was 19.88%, the nitrogen variation reached 
69.32%. The increase in the C/N ratio of the 0 to 0.10 
m layer to the 0.20 to 0.40 m layer for the average of 
all points in each layer was 39.28%. When comparing 
the position closest to the trunk (P1) with the point 
outside the canopy (P4), it is verified that there is an 
increase in the C/N ratio of 30.76% for the point 
outside the canopy in the 0 to 0.10 m layer, and of 
25.78% in the 0.20 to 0.40 m layer. Increases in C and 
N concentrations and the C/N ratio of the soil were 
also observed by Ref. [21], especially in the dry 
season. 

Among the causes that could result in increased soil 
fertility under the tree canopy, some consider a 
deposition of nutrients absorbed underground under 

the canopy or in adjacent areas of the tree in a cycling 
process, but one of the main causes is related to the 
atmospheric N fixation by the leguminous trees. It is 
also possible to include the increase in organic matter 
of the soil through litter deposition and root 
decomposition. In addition, it should be considered 
that nutrient loss through leaching and soil erosion is 
lower, adding a positive value. Finally, the use of the 
tree canopy as a shelter by animals results in nutrient 
deposition under the same canopy [2, 22]. 

4. Conclusions 

The baru trees influence the organic carbon and 
nitrogen levels in the soil under its canopy areas of 
influence. The carbon and nitrogen contents are larger 
closer to the baru tree trunks and in the more 
superficial soil layers. 
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