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ABSTRACT RESUMEN

Mabea fistulifera Mart. (common name: canudo-de-pito) be-
longs to the Euphorbiaceae family and is a native tree species in 
Brazil showing a high potential to recover degraded lands. This 
study aimed to evaluate the distribution and spatial correlation 
between the dendrometric parameters of the M. fistulifera plants 
and the physical attributes of the soil through geostatistics. The 
study was carried out at the Paulista State University (UNESP), 
in the city of Selvíria, MS, Brazil, in a typical dystrophic Red 
Oxisol with a clayey texture. The following properties were 
analyzed: for soil, penetration resistance, gravimetric moisture, 
particle density, and, for plants, circumference and diameter 
at breast height (measured at 130 cm above the ground), tree 
height, and total volume of the tree. An experiment grid was 
introduced with 35 sample points spaced 13 m x 13 m. Two soil 
samples were taken at each point, at 0.00 - 0.10 m, and 0.10 - 
0.20 m depth. Descriptive data analysis and spatial dependence 
analysis were carried out through semivariogram adjustments 
and kriging maps. The dendrometric properties of the species 
M. fistulifera and the soil gravimetric moisture content showed 
spatial dependence. The spherical semivariogram model best 
explained the spatial structure of circumference at breast height, 
diameter at breast height, tree volume, and soil gravimetric 
moisture. There was an emphasis on the correlation between the 
total volume of the tree as a function of the diameter at breast 
height, showing a moderate spatial dependence. Furthermore, 
the tree diameter at breast height proved to be a good indicator 
for determining the total height of the M. fistulifera tree. 

Mabea fistulifera Mart. (nombre común: canudo-de-pito) perte-
nece a la familia Euphorbiaceae y es una especie arbórea nativa 
de Brasil que presenta un alto potencial para ser utilizada en 
la recuperación de áreas degradadas. Este estudio tuvo como 
objetivo evaluar la distribución y correlación espacial entre 
parámetros dendrométricos de plantas de M. fistulifera y los 
atributos físicos del suelo a través de geoestadística. El estudio 
fue realizado en la Universidade Estadual Paulista (UNESP) 
en la ciudad de Selvíria, MS, Brasil; se utilizó un Oxisol rojo 
distrófico típico de textura arcillosa. Los atributos analizados 
del suelo fueron: resistencia a la penetración, humedad gra-
vimétrica, densidad de partículas, mientras que en plantas 
se analizaron circunferencia y diámetro a la altura del pecho 
(medido a 130 cm del suelo), altura del árbol y volumen total del 
árbol. Se introdujo una malla experimental con 35 puntos de 
muestreo espaciados en 13 m x 13 m. Se tomaron dos muestras 
de suelo en cada punto, una de 0.00 - 0.10 m de profundidad 
y otra de 0.10 - 0.20 m de profundidad. El análisis de datos 
descriptivos y el análisis de dependencia espacial se realizaron 
mediante ajustes de semivariograma y mapas de kriging. Las 
propiedades dendrométricas de la especie M. fistulifera y la 
humedad gravimétrica mostraron dependencia espacial. El 
modelo de semivariograma esférico explicó mejor la estructura 
espacial de la circunferencia y diámetro a la altura del pecho, 
el volumen total del árbol y la humedad gravimétrica del sue-
lo. Se hizo énfasis en la correlación entre el volumen total del 
árbol en función del diámetro a la altura del pecho, mostrando 
una dependencia espacial moderada. Además, el diámetro del 
árbol a la altura del pecho resultó ser un buen indicador para 
determinar la altura total de la planta de M. fistulifera.
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Introduction

Mabea fistulifera Mart. belongs to the Euphorbiaceae fam-
ily and is a native tree species popularly known in Brazil 
as “canudo-de-pito”. Its trees reach height from 6 to 15 m 
with trunks up to 30 cm in diameter. It is found mainly 
in riverside areas in Brazil (Reflora, 2019). The wood of 
this species is used for small interior projects. The plant 
is not demanding in terms of soil fertility, showing a high 
potential to be used to recover degraded lands. It has the 
characteristics of improving the physical and chemical 
conditions of the soil and the microclimatic conditions of 
the area (Giácomo et al., 2019).

According to Barroso et al. (2021), M. fistulifera can be 
used in phytoremediation programs for soils contaminated 
with hormonal herbicides. Their results showed that it can 
be used to compose riparian forests, preventing the entry 
of herbicides into the water. In a complementary manner, 
this tree species proved to be tolerant to the presence of 
hormonal herbicides and can be used for the recovery of 
natural areas in phytoremediation programs.

In agroforestry systems, planting M. fistulifera increases the 
soil organic matter content due to frequent pruning carried 
out on the plants (Farias & Souza, 2009). It is a plant with 
the ability to adapt, develops in open environments (for-
est edges), and accommodates itself in the forest shade by 
adapting its canopy architecture to small spaces (Carvalho 
et al., 2018). Also, its great economic potential for pollen 
production stands out, with flowering peaking from April 
to May, which coincides with the beginning of the dry 
season in the region and, consequently, a time of greater 
food scarcity for insects. During this period, many insect 
species use pollen as a food source (Daud & Feres, 2004).

Sustainable agricultural production and conservation of 
natural resources are parameters to be considered in the 
implementation of new agricultural practices. The current 
trend of an increasingly demanding market is to produce 
safer food, with reduced labor, and less environmental con-
tamination, factors that contributed to the increase in the 
use of precision agriculture (Bassoi et al., 2019). Precision 
agriculture techniques are based on spatial variability and 
allow the application of fertilizers, correctives, seeds, and 
pesticides in specific areas, enabling rational use of inputs 
by identifying the location and correct dose of application, 
generating economic and environmental benefits (Ezenne 
et al., 2019).

Physical attributes of the soil are good indicators of the 
soil quality and assist management practices (Oliveira 

et al., 2021). The use of geostatistics characterizes the 
spatial variability of soil attributes that can determine 
management practices, such as fertilization and liming, 
and verify the vertical and horizontal heterogeneity of 
the soil (Gelain, 2021). Therefore, geostatistics, using 
semivariograms and kriging maps, can establish which 
soil attribute is associated with the development and 
production of plants.

Oliveira, Oliveira, Valente et al. (2020), studying the 
spatial correlation between agricultural productivity and 
mechanical resistance to penetration, found that crop 
development is negatively influenced by soil compaction. 
Therefore, regions where there is an increase in soil density, 
with a reduction in its porosity, show lesser development 
of the trees.

The study of forest species that are adapted to anthropized 
areas, such as M. fistulifera, is paramount for regeneration 
and protection projects in degraded lands (Gomes Júnior & 
Lopes, 2017). Information on the spatial variability of soil 
and plant properties in a M. fistulifera plantation is still 
limited. Thus, this study aimed to evaluate the distribution 
and spatial correlation of the M. fistulifera dendrometric 
properties and the physical attributes of the soil using 
geostatistics tools.

Materials and methods

The study was carried out in an experimental area at the 
Teaching, Research, and Extension Farm of the Faculty 
of Engineering of Ilha Solteira – Paulista State University 
(UNESP), in the city of Selvíria, MS, Brazil. The trees were 
planted in 2011, with spacing of 3 m x 3 m between plants, 
for recovery purposes in a degraded area.

The soil of the experimental area is classified as typical 
dystrophic Red Oxisol of clayey texture (Santos et al., 
2018). The city is located at 20°20’ S and 51°23’ W, with 
an altitude of 335 m a.s.l. According to Köppen’s pre-
cepts, mentioned by Alvares et al. (2014), the climate of 
the region is megathermic moisture tropical (Aw), with a 
rainy summer and a dry winter, with the rainiest months 
from December to March and the driest from June to 
September. The average annual temperature is 22.7°C 
with annual rainfall ranging from 1,200 mm to 1,500 mm 
(Martins & Montanari, 2021).

Initially, on April 12, 2019, a georeferencing was carried 
out with demarcation of 35 points distributed every 13 m 
divided into 5 rows of 7 points each (Fig. 1).
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Then, a manual auger was used to remove 2 soil subsamples 
at each sampling site, in the 0.00-0.10 m, and 0.10-0.20 m 
layer. Subsequently, the 2 subsamples were mixed to obtain 
a representative sample of each sampling point. They were 
packed in plastic bags and sent to the laboratory.

The collected soil samples were crushed and passed 
through a 2.0 mm sieve. Then the samples were placed to 
dry on a paper for 1 d for later analysis.

The analyzed attributes in the soil layer 0.00-0.20 m were: 
penetration resistance (PR) (MPa), gravimetric moisture 
content (GM) (kg kg-1), and particle density (PD) (kg dm-3).

For the determination of gravimetric moisture, a soil sam-
ple was collected, simultaneously the PR was determined, 
using a cup auger. Gravimetric moisture content was 
calculated according to Equation 1 (Teixeira et al., 2017):

𝐺𝐺𝐺𝐺 = $$%&$
&$

                                                                                                   (1)            

 

𝑃𝑃𝑃𝑃 = )*&
+,%-

                                                                                                         (2) 

𝑃𝑃𝑃𝑃 = (5.581 + 6.891) 8 9
:%;

10= 0.981                                                                 (3) 

  

𝑇𝑇𝑇𝑇 = 	A(&BC)
D

E
	∗ (𝑃𝑃𝑃𝑃) ∗ 0.45                                                                       (4) 

ȳ(ℎ) = 	 K
L9(M)

∑ .9(M)
OPK [𝑍𝑍(𝑥𝑥𝑥𝑥) − 𝑍𝑍(𝑥𝑥𝑥𝑥 + ℎ)]L                                                            (5)                   

𝑆𝑆𝑆𝑆𝑆𝑆	(%) = 8 Z[
Z[\ZK

= ∗ 100                                                                                   (6) 

  

 	 (1)

where: GM=gravimetric moisture content (kg kg-¹), 
WW=wet weight of soil (g), DW=oven-dry weight of soil 
(g) at 105ºC.

Soil particle density (PD) was obtained through the volu-
metric flask method (Teixeira et al., 2017). The volume of 
alcohol needed to complete the capacity of a 50 ml volu-
metric flask containing oven-dried soil was determined. 

Then the PD was calculated using Equation 2 (Teixeira et 
al., 2017): 
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where: PD=particle density (g cm-3), MSD=mass of the soil 
dried at 105ºC (g), and V=volume of alcohol used (m3).

The soil penetration resistance (PR) was evaluated by the 
impact penetrometer and calculated according to Equation 
3 (Rosa Filho et al., 2009):
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where PR = penetration resistance of the soil (MPa), N = 
number of impacts given by the penetrometer hammer to 
obtain the readings, A and P are the readings before and 
after the impacts (cm), respectively. The Penetration Re-
sistance 1 (PR1) was obtained in the 0.00-0.10 m layer, the 
Penetration Resistance 2 (PR2) was obtained in the 0.10-
0.20 m layer, and the Average Soil Penetration Resistance 
(APR) was obtained in the 0.00-0.20 m layer.

The dendrometric variables of the plant included: trunk 
circumference at breast height (CBH), measured at 1.30 
m above the ground with the aid of a tape measure; trunk 
diameter at breast height (DBH), calculated from CBH 
(cm) using the formula: CBH/π. Plant height (PH) (m) 
was measured with a Haglof® electronic clinometer at 10 
m away from the tree, and tree crown volume (TV) was 
calculated from the stem + crown dimensions using Equa-
tion 4 (Martins & Montanari, 2021): 
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Statistical analysis
Pearson correlations were used to study the dendrometric 
properties and physical attributes of the soil. A network 
of correlations was obtained and tabled. The positive cor-
relations were highlighted in green, while the negative 
ones were highlighted in red. Line thicknesses express the 
magnitude of the correlation between the attributes; thicker 
lines represent high magnitude, thinner lines indicate low 
magnitude.

For all attributes analyzed, a descriptive analysis of pa-
rameters was carried out, including mean, minimum, 
maximum, standard deviation, coefficient of variation 
(CV), kurtosis, asymmetry, test probability, and frequency 
distribution (FD). Pimentel-Gomes and Garcia (2002) 
follow a classification based on CV values: low CV < 10%; 
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FIGURE 1. Detail of the sampling grid performed in Mabea fistulifera 
plantation at the Teaching, Research, and Extension Farm of the Faculty 
of Engineering of Ilha Solteira FEPE - UNESP, Brazil.
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medium (10% < CV < 20%); high (20% < CV < 30%) and 
very high (CV > 30%). To test the hypothesis of normality of 
the attributes, the Shapiro-Wilk (1965) test was used at a 5% 
error probability. In it, the W statistic tests the null hypoth-
esis that considers the sample coming from a population 
with sampling distribution (Dalchiavon, 2012). All analyses 
were carried out using the RBio software (Bhering, 2017).

Spatial dependence was analyzed through semivariogram 
adjustments (Vieira et al., 2002), based on the stationarity 
assumption of the intrinsic hypothesis, which is estimated 
by Equation 5:
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where: N(h)= the number of observed experimental pairs 
Z(xi) and Z(xi + h) separated by a distance h. The semivar-
iogram is represented by the graph ŷ (h) versus h whose 
adjustments were made by mathematical theoretic models 
with the aid of the GS+ 7.0 software that characterized the 
parameters of the semivariogram and the spatial depen-
dency of the attributes.

The adjustments of the models were carried out by selecting 
the sum of the square of the residue (SSR), coefficient of 
determination (r2), and spatial dependence evaluator (SDE).

The following parameters were used to adjust a mathemati-
cal model to the data: nugget effect (C0), contribution (C1), 
sill (C0 + C1), and range (A0). The spatial dependence evalu-
ator (SDE) was calculated using Equation 6:
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According to Cambardella et al. (1994), the SDE values 
have the following classification: strong spatial depen-
dence (SDE(%) ≤ 25%), moderate spatial dependence (25% 
< SDE(%) ≤ 75%), and weak spatial dependence (SDE(%) 
> 75%).

For the adjustment of the semivariograms, cross-validation 
was carried out to evaluate alternative models of simple 
and crossed semivariograms, using kriging and cokrig-
ing maps (Oliveira, Oliveira, Oliveira et al., 2020), which 
are very informative descriptors in terms of detail in the 
graphics. In this technique, each point contained within 
the spatial domain is excluded individually, and its value 
is estimated as if it did not exist. In this way, it is possible 
to construct a graph of estimated values versus observed 
values for all analyzed points.

To obtain the ideal number of neighbors, the data were 
interpolated, and then the spatial dependence and inter-
dependence between the attributes were evaluated, using 
kriging and cokriging maps.

Results and discussion 

The junctions between the dendrometric properties of the 
species M. fistulifera and the physical attributes of the soil 
were determined using Pearson’s correlation coefficients 
to construct a network of correlations. Circumference at 
breast height (CBH) was positively correlated with the 
diameter at breast height (DBH), and CBH and DBH were 
positively correlated with the tree crown volume TV and 
plant height PH (Fig. 2). This result shows the close rela-
tionship existing between the dendrometric indices of the 
plants studied. Due to the plant’s arboreal size, it is used at 
the edges of forests with accentuated anthropic impact as 
a windbreak, as well as in the recovery of degraded lands, 
improving the physical and chemical conditions of the soil 
(Daud & Feres, 2004).

APR expressed a positive correlation with PR1, as well as 
with PR2. Notably, Oliveira, Oliveira, Valente et al. (2020) 
report similar results and highlight the importance of 
studying penetration resistance to better understand the 
development of agricultural crops.

The GM had low and negative correlations with APR, PR1, 
PR2, and PD. The increased GM eases the penetration of 
the penetrometer, as reported by Oliveira et al. (2021) in 
studies of soil moisture, porosity, and density in an Oxi-
sol. These regions of lower resistance to penetration are 
precisely those that have greater ease of root development 
for agricultural crops.

The statistical parameters of the dendrometric attributes 
in Table 1 tended to be normal for CBH and DBH; normal 
for PH; undetermined for TV. The frequency distribution 
of the physical attributes was normal for GM, PD, PR1, 
and indeterminate for PR2. APR showed a distribution 
tending to normal.

The dendrometric properties of this species have a posi-
tive effect on the recovery of degraded areas, emphasizing 
the soil protection against adverse climatic agents, soil 
conservation, addition of organic matter to the soil, mo-
bilization and recycling of mineral nutrients, and soil 
biological activity (Giácomo et al., 2019). Although the 
observed average values of penetration resistance, APR 
of 4.40 MPa, PR1 of 4.37 MPa, and PR2 of 4.43 MPa, 
were very high, they were not enough to limit the timber 
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yield of the forest studied, as also seen by Barbosa et al. 
(2012). This verification is important because it evidences 
the capacity of the M. fistulifera to develop in compacted 
soils, deepening the roots even in situations of reduced 
soil porosity. Once again, it clarifies the species ability to 
recover degraded areas, contributing to the environment 
and improving the soil quality around planting sites.

The CV values for the attributes TV, PR2, PR1, APR, 
and GM were very high (74.01%, 49.48%, 47.57%, 37.84%, 
and 33.61%, respectively). The coefficient of variation for 
CBH and DBH was 26.85%. PH (18.72%) showed medium 
CV, whereas PD had a low CV value (3.82%), as shown 
in Table 1.

Maximum: 1Cutoff: 0.6

PH

CBH

DBH

GM

APR

PR1

PR2

PD

TV

TABLE 1. Descriptive statistics for the dendrometric properties of the Mabea fistulifera and physical attributes of the soil.

Variablea
Value

Mean
Standard Coefficient Test probability

Minimum Maximum deviation Variation (%) Kurtosis Asymmetry Pr>Fb FDc

CBH 12.300 35.60 20.59 5.53 26.85 -0.17 0.73 0.046 TN

DBH 3.915 11.33 6.55 1.76 26.85 -0.17 0.73 0.046 TN

PH 4.700 11.20 8.05 1.51 18.72 -0.69 0.18 0.575 NO

TV 0.003 0.05 0.01 0.01 74.01 1.24 1.37 8.69E-05 UN 

GM 0.001 0.08 0.05 0.02 33.67 0.48 -0.30 0.65 NO

PD 2.133 2.82 2.53 0.10 3.82 7.40 -1.25 4.39E-06 UN 

APR 1.900 9.69 4.40 1.66 37.84 1.171 1.046 0.0256 TN

PR1 1.224 10.69 4.37 2.08 47.57 1.229 1.115 9.71E-03 UN 

PR2 1.900 9.88 4.43 2.19 49.48 0.322 1.126 2.83E-04 UN 

a	 CBH – tree circumference at breast height (cm); DBH – tree diameter at breast height (cm); PH - plant height (m); TV - tree crown volume (m3); GM – soil gravimetric moisture content (kg kg-1); 
PD – soil particle density (g cm-3); APR - average soil penetration resistance (MPa); PR1 – soil penetration resistance 1 (MPa); RP2 – soil penetration resistance 2 (MPa).

b	 Shapiro-Wilk test.
c	 FD = frequency distribution: NO - normal, TN - tending to normal, UN - undetermined.

FIGURE 2. Pearson correlations networks of variables studied: CBH – tree circumference at breast height (cm); DBH – tree diameter at breast height 
(cm); PH - plant height (m); TV - tree crown volume (m3); GM – soil gravimetric moisture content (kg kg-1); PD – soil particle density (g cm-3); APR 
- average soil penetration resistance (MPa); PR1 – soil penetration resistance 1 (MPa); PR2 – soil penetration resistance 2 (MPa).



6 Agron. Colomb. 41(1) 2023

The kurtosis and asymmetry values measure the average 
dimension of the deviation of the values of a set of data in 
relation to a certain Measure of Central Tendency as well as 
how these data are allocated around this Measure (Oliveira, 
Oliveira, Valente et al., 2020). Thus, we observed in Table 1 
that GM and PD were negative asymmetrical and the attri-
butes CBH, DBH, and PH have a more pointed histogram.

The parameters of the simple and crossed semivariograms 
for the phenological indices of the M. fistulifera plant and 
the physical attributes of the soil are shown in Table 2 and 
Figure 3. The parameters evaluated for the models adjusted 
to the semivariograms showed high values of r2, which in-
dicates high reliability in the settings. The spherical model 
was the fittest for the dendrometric properties CBH, DBH, 
TV, and the soil attribute GM, as in Costa et al. (2020) 
and Dantas et al. (2020). Notably, Costa et al. (2020) also 
reported the spherical model as the fittest for the dendro-
metric variables of diameter at breast height and volume in 
the study of the spatial variability of Swietenia macrophylla 
in an agroforestry system in the Brazilian Amazon.

Dantas et al. (2020) studied volumetric prediction through 
kriging to reduce sampling effort in forest inventories and 
concluded that the spherical model is the fittest for studying 

tree crown volume. Greco et al. (2005) mentioned that the 
spherical model is more identified in soil science studies. 
PH fitted best to the Gaussian model, in agreement with 
the results obtained by Barbosa et al. (2012) and Costa et 
al. (2020), who also obtained the Gaussian model as the 
fittest for the study of height in forest tree species. The 
soil attributes PD, APR, PR1, and PR2 obtained a pure 
nugget effect.

According to the classification by Cambardella et al. (1994), 
SDE values of <25%, 25%-75%, and >75% have a weak, mod-
erate, and strong spatial dependence, respectively. Based on 
this classification, the values of the variables CBH, DBH, 
PH, TV, and, GM showed moderate SDE.

The range of the semivariogram corresponds to the maxi-
mum distance that correlation or spatial dependence can 
be found, being the main parameter provided by geosta-
tistics. Furthermore, the spatial behavior of the variable 
is completely random (Behera et al., 2018). The evaluated 
properties ranged from 0.01 (tree volume, m3) to 8.05 
(plant height, m) average. The ranges found can be used 
to guide future sampling plans in studies related to plant 
dendrometric properties and soil physical attributes in a 
M. fistulifera crop.

TABLE 2. Estimated parameters for the simple and crossed semivariogram of the dendrometric properties of the Mabea fistulifera and physical 
attributes of the soil.

Attribute

Range

r2 SSR

SDE Cross-validation

Model Nugget 
(C0)

Sill
(C0+C)

(A0)
(m) (%) Class a b R

Simple semivariogram

CBH sph 14.30 33.30 52.4 0.946 4.860 57.1 Moderate 1.34 -6.72 0.570

DBH sph 1.43 3.37 52.2 0.947 0.049 57.5 Moderate 1.33 -2.11 0.571

PH gauss 1.09 2.53 34.3 0.680 0.357 57.0 Moderate 0.91 0.78 0.457

TV sph 6.20E-05 1.48E-04 74.5 0.998 5.42E-12 58.4 Moderate 1.22 0 0.480

GM sph 1.50E-04 3.06E-04 74.8 0.925 6.51E-10 51.0 Moderate 0.79 0.001 0.356

PD pne 9.31E-03 9.31E-03 - - - - - - -

APR pne 2.61 2.61 - - - - - - -

PR1 pne 4.22 4.22 - - - - - - -

PR2 pne 4.41 4.41 - - - - - - -

Crossed semivariogram

TH-f(DBH) sph 1.42 2.80 73.00 0.909 0.493 49.3 Moderate 0.84 1.33 0.546

TV-f(DBH) sph 9.52E-02 2.16E-02 68.8 0.990 4.19E-07 56.0 Moderate 0.90 0 0.571

TV-f(PH) sph 8.14E-02 1.69E-02 79.0 0.929 2.26E-06 51.7 Moderate 0.90 0 0.571

CBH – tree circumference at breast height (cm); DBH – tree diameter at breast height (cm); PH - plant height (m); TV - tree crown volume (m3); GM – soil gravimetric moisture content (kg kg-1); 
PD - soil particle density (g cm-3); APR - average soil penetration resistance (MPa); PR1 – soil penetration resistance 1 (MPa); PR2 – soil penetration resistance 2 (MPa); gauss - gaussian; 
sph - spherical; pne - pure nugget effect; SSR - sum of squared residue; SDE - spatial dependence evaluator.
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pattern. Rosa Filho et al. (2011) emphasized that it was not 
possible to establish a cause-effect relationship between the 
dendrometric properties of the forest trees under study and 
the physical attributes of the soil (gravimetric moisture 
content and penetration resistance).

In the crossed semivariogram (Fig. 5), among the den-
drometric properties of the M. fistulifera, PH-f(DBH), 
TA-f(DBH), and TV-f(PH), moderate spatial dependence 
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FIGURE 3. Simple semivariograms adjusted for dendrometric properties and soil physical attributes in a Mabea fistulifera crop, where: A) tree 
circumference at breast height (cm); B) tree diameter at breast height (cm); C) plant height (m); D) tree volume (m3); E) soil gravimetric moisture 
content (kg kg-1); F) soil particle density (g cm-3); G) average soil penetration resistance (MPa); H) soil penetration resistance 1 (MPa); I) soil pe-
netration resistance 2 (MPa). 

Figure 4 shows the pattern for spatial variability of the 
dendrometric properties of the M. fistulifera and the 
gravimetric soil moisture content estimated through ordi-
nary kriging. The variability maps showed a relationship 
between DBH, PH, and TV variability.

Regarding the soil physical attribute (GM) evaluated in the 
present study, no link that could influence the development 
of the M. fistulifera was found in the spatial variability 
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was obtained (49.3, 56.0, and 51.7, respectively) and the 
fittest model was the spherical one for the three cases. The 
cokriging map (Fig. 5) shows a similar spatial structure 
between the volume and the one observed in simple krig-
ing (Fig. 4). Based on the r2 in Table 2 (0.990 and 0.929 for 
TV- f(DBH) and TV-f(PH), respectively) and SDE, it can 

be inferred that DBH is the best estimator for the TV of 
the M. fistulifera.

DBH was also shown to be a useful explanatory variable 
for estimating the PH of the M. fistulifera, with an r2=- 
0.909. This is important, as determining DBH in the field 
may be easier than determining PH.

FIGURE 4. Simple kriging maps of dendrometric properties and soil physical attributes in a Mabea fistulifera crop, where: A) tree circumference 
at breast height (cm); B) tree diameter at breast height (cm); C) plant total height (m); D) tree volume (m3); E) soil gravimetric moisture content 
(kg kg-1).
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Conclusions

The dendrometric properties CBH, DBH, PH, TV, and the 
soil physical attribute GM showed spatial dependence. The 
spherical semivariogram model best explained the spatial 
structure of CBH, DBH, PH, TV, and GM.

There was a correlation of dendrometric properties between 
TV and DBH, showing moderate spatial dependence. 

Additionally, DBH proved to be an effective indicator for 
determining the PH of the Mabea fistulifera plant.
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