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ABSTRACT — The study of the bole profile is an important tool in the forest production management, which
is influenced by several factors, such as the stand conduction regime. This work aimed to evaluate two stand
conduction regimes regarding the Eucalyptus urophylla bole in the southwest region of the Brazilian state,
Bahia. The data used was retrieved from stands conducted under high forest and coppice regimes. The tapering
models proposed by Kozak, Demaerschalk, Ormerod, Garcia and Garay were adjusted, being selected the ones
that presented better performances regarding adjustment statistics and graphic analysis of residue for each
conduction regime. The models selected were validated by the chi-squared test (o = 0,05). Considering the
models selected, it was possible to estimate the value of the diameter along the bole of the average-tree,
allowing to evaluate the bole profile for each stand conduction regime. The identity test of the models showed
that the stand conduction regime affects the shape of the trees' bole, making a necessity to adjust a specific
equation for each situation. The bole tends to present a cylindrical form in a stand conducted in a coppice
regime and conical one in a high forest regime.

Keywords: Tapering functions; Bole shape; Coppice.

PERFIL DO FUSTE DE EUCALIPTO SOB DOIS REGIMES DE CONDUCAO
NO SUDOESTE DA BAHIA

RESUMO — O conhecimento do perfil do fuste é em uma ferramenta importante no manejo da produg¢do
florestal, sendo o mesmo influenciado por diversos fatores, como o regime de condugdo do povoamento.
O presente trabalho objetivou avaliar a influéncia de dois regimes de condu¢do do povoamento sobre o
perfil do fuste de Eucalyptus urophylla, na regido sudoeste da Bahia. Foram utilizados dados de povoamentos
conduzidos pelo regime de alto fuste e talhadia. Os modelos de afilamento propostos por Kozak, Demaerschalk,
Ormerod, Garcia e Garay foram ajustados, sendo selecionado aquele com melhor desempenho nas estatisticas
de ajuste e andlise grdfica de residuos, para cada regime de condugdo. Os modelos selecionados foram validados
utilizando o teste do qui-quadrado (a = 0,05). Diante dos modelos selecionados, foram estimados os valores
do didmetro ao longo do fuste da arvore média, permitindo avaliar o perfil do fuste para cada regime de
condugdo do povoamento. O teste de identidade de modelos mostrou que o regime de condug¢do do povoamento
influencia a forma do fuste das arvores, sendo necessdrio o ajuste de uma equagdo especifica para cada
situagdo. O fuste tende a apresentar forma mais cilindrica em povoamento conduzido sob regime de talhadia
e mais conica no regime de conducgdo por alto fuste.

Palavras-chave: Fung¢des de afilamento; Forma do fuste,; Talhadia.
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1. INTRODUCTION

Knowing the bole profile of some commercial
forestry species, such as the eucalyptus, consists
in an important tool for the forest production
management. Among the ways of understanding the
bole profile, the tapering functions are highlighted,
once they express the decreasing of the diameter rate
along the bole and allow predicting three basic
characteristics of the tree: diameter at any height of
the tree, total height or where it stands in a limit diameter
and volume between any points of the bole (Prodan
etal.,1997; Silva et al., 2006; Horle et al., 2010; Leite
etal.,2011; Campos and Leite, 2013; Mora etal., 2014;
Miguel et al., 2015; Ozcelik and Crecente-Campo, 2016),
in function of the bole’s length and minimal diameter
(Chichorro et al., 2003).

Several factors can affect the bole profile of a tree,
among them: species, genetic material, age of the tree,
stand spacing, cut regime and thinning, stand conduction
regime, site and length and width of the crown (Nogueira
etal., 2008; Queiroz et al., 2008; Campos and Leite,
2013; Batista et al., 2014; Andrade et al., 2016; Rodriguez-
Toro etal.,2016; Souza etal., 2016; Kohleretal., 2016;
Vendruscolo et al., 2016). These factors have encouraged
the researchers to develop and apply the bole profile
modeling under different conditions.

The eucalyptus stands, generally, are designed
to charcoal production, in order to provide material
to the steel industry, as well for cellulose and paper,
being managed under at least one coppice (Cacau et
al., 2008), highlighting a growth in areas conducted
under this system in the last few years (Abraf, 2013).
Therefore, stands conducted by coppice started to
receive more attention from the foresters and researchers,
constituting in a good option for forest management
due its economic viability (Gongalves et al., 2014).

It is common to observe that the sprouts conduction
generates an inferior volume of wood per bole when
compared to the stand reform (Azevedo etal., 2011;
Ferraz Filho et al., 2014). However, the literature lacks
information regarding the conduction regime effects
(high forest or coppice) on the bole profile. Knowing
the bole profile of arborous specimens under these
conditions can constitute in a relevant tool to define
different uses for the trunk, increasing their use potential
and adding commercial value to the final product.
Considering that, this work aimed to evaluate the
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influence of the stand conduction regime (high forest
and coppice) on the bole of Eucalyptus urophylla,
in the southwest region of the Brazilian state Bahia.

2. MATERIALAND METHODS

This work was performed in Eucalyptus urophylla
stands, located at the Bela Vista Farm, at the Vitoria
da Conquista town, in the Brazilian state Bahia. The
region’s relief is plane and slightly wavy, located
in an even height at 880 m from the soil. The climate
in the region is subtropical highland climate (Cwb),
according to the Kdppen classification, with an
average temperature of 21 °C and annual rainfall
varying from 700 to 1,100 mm, distributed between
November and March, with a dry season of four or
five months.

The data used was obtained in two stands planted
in a spacing of 3 x 2m at the age of 5, conducted under
two conduction regimes, high forest and coppice (first
coppice). The coppice was conducted from the strains
sprouting, measuring 10 cm and sprout thinning at
the 12™ month after the cut and keeping two sprouts
per stump. The choice for the age of 5 is due to the
majority of stands of the region being designed for
the wood production for energy, with harvest cycles
at the age of 4 and 5.

In the stand under the high forest regime was
randomly selected and downed 35 trees, distributed
in four diameter classes, considering a DBH (diameter
at breast height) variation between 8.7 and 16.9 cm
and a height varying between 10.2 to 16.5 m. As for
the stand in coppice regime, 59 boles were downed,
originating 30 stumps, randomly selected, with a DBH
varying between 6.2 and 15.3 cm and a height varying
between 10.6 and 16.8 m (Azevedo etal., 2011). In the
last stand, for calculations and equations adjustment
effects, each bole resulted from the sprouts’ conduction
was considered an individual. On both stands, the trees
were scaled by the Smalian method, measuring the
diameter with bark along the bole at 0.1, 0.3,0.7, 1.3
and 2 m from the soil, from that point, the sections
were measured from 2 in 2 m, until the reaching a minimum
diameter of 4 cm.

The scaling data of each conduction regime was
separated for the model’s adjustment and validation.
In the adjustment, the data used was obtained from
25 trees randomly selected, for the area conducted
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under high forest, as for the area conducted under
coppice, the data was provided by 49 boles. Considering
the tapering models of Kozak, Demaerschalk, Ormerod,
Garcia and Garay, whose functional relations and
expressions to estimate the diameter (d) at any height
of the bole, as described next:

a) Kozak et al. (1969)

d Y h hY
(o) =P Al ) ol )

d= DBH.\/ A+ [z.(}%} ﬁr(%}

b) Demaerschalk (1972)

2
[DZH] =10%% DAPCH D H*% (Hi — h)™ + ¢
d =10% DBH " He*P (Hi - h)*
¢) Ormerod (1973)
( d )2_ Hl—h 2-ﬂ1+g
DBH) \Ht-13

Ht—h ji"

d = DBH.
Ht—13

d) Garcia et al. (1993)

d Y h h
Eﬁ) =ﬂ0+/31.\/%+ﬁz{ﬁj+e

d= DBH.\/ B+ ﬂl(%] + 5, (&)

¢) Garay (1979)
T rtastas.

d =DBH.[—}OQ+ ﬁl.Ln(l—Bz-hBS-Ht_ﬁs))

In which: d = diameter at height h, in cm; DBH =
diameter at 1.30 m, in cm; 4 = height at any part of the
bole, in m; Ht = total height, in m; fi = parameters to
be estimated by the regression; and £=random error.
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The linear models were adjusted by the ordinary
minimum square method and the non-linear models
were adjusted by the Statistica 7.0 software (Statsoft,
2004), using the Levenberg-Marquardt algorithm with
1,000 interactions. The best model for each conduction
regime was selected based on the correlation
coefficient between values observed and estimated
(r), adjusted determination coefficient (R? ), standard
residual error in percentage (S, %) and graphic
distribution of the residue (Draper and Smith, 1981),
obtained for the diameter variable (d) at any height
of the bole.

To evaluate the adherence of the model selected
in the diameter estimated for each conduction regime,
the data obtained from 10 trees (high forest) and
10 boles (coppice), that were not used in the models’
adjustment, was validated by applying the chi-squared
method (%?) (o= 0,05) (Silveira, 2009).

After selecting the best tapering model for
each conduction regime, the values for diameter along
bole for the average tree were estimated, considering
all the trees measured, allowing to present graphically
the profile of the bole for each conduction regime
at the stand. Therefore, it was considered as the
average-tree the one with mean diameter (q) and
arithmetic average of the height (Ht) of the sample-
trees, according to Nogueira et al. (2008).

The model identity test (Regazzi, 2003) was
used to verify if the equations adjusted of both stands
were statistically equal, in other words, if the only
equations could be used to estimate the bole profile
for both stands (Campos and Leite, 2013).

3. RESULTS

From the analysis of the adjustment statistics (Table 1)
and graphic distribution of the residue of the five tapering
models evaluated (Figure 1), it was verified that the
Garay model presented the best precision measurements,
for both, the stand conducted under the high forest
regime and coppice. This model presented the lowest
standard residual error (under 7%) and better graphic
distribution of the residue, with a homogeneous
distribution and lower error amplitude. The greater
dispersion of the residue, considering all models adjusted,
occurred at the superior part of the bole (top), where
the diameters are lower (Figure 1).
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Figure 1 — Graphic distribution of the residue for tapering models adjusted under different conduction regimes of Eucalyptus

urophylla in the southwest region of the Brazilian state Bahia.

Figura 1 — Distribui¢cdo grdfica dos residuos para os modelos de taper ajustados em diferentes regimes de condugdo de

Eucalyptus urophylla no sudoeste da Bahia.

As for validating the equations obtained by adjusting
the Garay model, on both stands studied, it was verified
that the diameters observed along the bole were
statistically equal to the diameters estimated (p < 0.05)
(high forest: 2 .= 120.99; >

=124.34; 2

calculated

calculated

5.79).
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=5.66; coppice:

On the graphic that represents the profile of the
bole for the average-tree on both stands studied (Figure 2),
it is observed that there are differences between the
shapes of the boles on both conduction regimes. It
is possible to notice that the bole in the coppice regime
is less conical than in the high forest regime.
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Table 1 — Parameters estimates for the model and adjustment statistics for the diameter variable (d) in all conduction
regimes of Eucalyptus urophylla in the southwest region of the Brazilian state Bahia.

Tabela 1 — Estimativa dos pardmetros dos modelos e estatisticas de ajuste para a variavel diametro (d) para diferentes
regimes de conducdo de Eucalyptus urophylla no sudoeste da Bahia.

Conduction Model Regression coefficients Adjustment statistics
'80 161 /8_7 /83 r RZaj Syx%
High Forest Kozak 1.5131 -3.5535 2.3056 - 0.9634 0.9275 14.82
Demaerschalk 0.3401 0.9733 -1.3873 1.1937 0.9722 - 20.85
Ormerod - 1.8599 - - 0.9685 - 71.54
Garcia 1.9606 -3.2748 1.4068 - 0.9810 0.9621 7.74
Garay 2.0007 0.2150 0.9882 0.0425 0.9892 - 4.43
Coppice Kozak 1.5185 -3.4636 2.2685 - 0.9542 0.9102 15.07
Demaerschalk 0.1659 0.9070 -1.0312 1.0483 0.9607 - 18.09
Ormerod - 1.4272 - - 0.9565 - 48.60
Garcia 1.9676 -3.2777 1.4419 - 0.9704 0.9414 9.79
Garay 2.0050 0.2061 0.9885 0.0387 0.9798 - 6.76

pi = coefficients estimated in the regression; r = correlation coefficients between values observed and estimated; RZ, =
adjusted determination coefficient; and Syx% = standard residual error in percentage.

——— High forest ====- Coppice
1.0 7 15 4
A
0.8 12 4
0.6 g 9
" z
= 041 2 6
0.2 1 3 -
0.0 T T ] 0 T T T ]
0.0 0.5 1.0 1.5 -10 -5 0 5 10
d/DBH Radius (cm)

Figure 2 — Profile of the average-tree (DBH = 12.52 and
Ht = 13.48) estimated by the Garay model for
different conduction of Eucalyptus urophylla in
the southwest region of the Brazilian state Bahia.

Figura 2 — Perfil da arvore média (DAP = 12,52 e Ht = 13,48)
estimado pelo modelo de Garay para diferentes
regimes de condugdo de Eucalyptus urophylla
no sudoeste da Bahia.

The identity test of the models proved the existence
of significant differences between the equations
generated to estimate the diameter along the bole for
both conduction regimes studied (%°,,., = 9-49; x*
=24.02; p<0.0001).

calculated

4. DISCUSSION

The results for the adjustment of the tapering
functions indicated that the Garay model presents the
best performance to estimate the diameter along the
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bole on both conduction regimes evaluated, thus, it
was the selected one. By validating this model, it was
proved that both equations selected to estimate the
diameter along the bole are statistically valid, which
allows estimating precisely the diameter along the bole
for each conduction regime. This model also was
highlighted due its precision and consistence in
estimating the tapering of the bole in Eucalyptus grandis
x Eucalyptus camaldulensis stands under different
spatial disposition (Souza et al., 2016), for Eucalyptus
grandis X Eucalyptus urophylla stands (Campos et
al., 2014), for the Virola surinamensis in the Amazon
forest (Leite et al., 2006) and heartwood and bole tapering
in a Tectona grandis stand (Leite etal.,2011). According
to Leite et al. (2006), this model derived from the Chapman
Richards function, its flexible enough to describe the
variations in shape of the trees of different species
and sizes and consistent with the variables d, h and
volume, as demonstrated by Garay (1979).

Regarding the larger residue dispersion on the
superior part of the bole (Figure 1), its emphasized
that, in general, the tapering models are little flexible
to estimate diameters at the base and on the top of
the boles (Silva etal., 2011). Normally, the lower diameters
present lower absolute values and the estimate for
these diameters from the tapering function is susceptible
to greater relative errors (Soares et al., 2011). When
these errors occur frequently, an alternative to minimize
this issue, would be using segmented models (Soares
etal., 2011; Menéndez-Miguélez et al., 2014; Tang et
al.,2016).

Revista Arvore. 2017;41(2):e410211



A tapering function disregarding the stand’s
conduction regime is inadequate to estimate the diameter
at different heights of the bole, since the stand’s
conduction regime effect (high forest or coppice) over
the bole profile (Figure 2) can be confirmed by the
identity model test, which indicated the differences
between the shape of the bole on both conduction
regimes here evaluated, corroborating to the results
obtained by Azevedo et al. (2011). These authors,
by evaluating the factor (f) and the quotient (Q) of
the shape, in the same field, verified slightly superior
values for the stand conducted by coppice (f= 0.51
and Q = 0.67), when compared to what was conducted
under high forest (= 0.49 and Q = 0.64), indicating
a greater conicity in said conduction system.

The use of tapering functions to describe the
profile of the eucalyptus bole compared to different
conduction regimes was not found. However, Souza
et al. (2016), when evaluated the bole profile of
FEucalyptus grandis x Eucalyptus camaldulensis under
different spatial distribution stated that the greater
the distance between the plants, more conical is the
shape of the bole. Nogueira et al. (2008), by evaluating
the influence of different spacing over the shape of
the bole of Pinus taeda trees, verified that greater
spacing provided the development of conical boles
and smaller spacing presented boles with a cylindrical
shape. Téo et al. (2013), while evaluating the profile
of the bole in Pinus elliottii stands at different ages
(10, 18 and 27), verified that the trees at advanced
ages present a lower tapering (lower conicity) and,
consequently, better shape.

The results found in this work and on the studies
cited above, confirm that the shape of the bole profile
is associated to the competition between the trees
inside a stand. Under lesser competition conditions
(such as: greater spacing, lower age), the trees tend
to increase in diameter at the base of the bole, to
assure greater support to the weight of the trunk and
crown. However, when the tress as susceptible to
greater competition, the trend to invest on the diameter
increment at the superior areas of the bole, which
provides a cylindrical shape (Andrade et al., 2007).
In this work, the stand conducted under the coppice
regime presented a larger number of boles per area
unit and, consequently, the competition between the
specimens is greater, causing a lesser conical shape
on the boles.

Revista Arvore. 2017;41(2):e410211
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5. CONCLUSIONS

1. The identity model test revealed that the
conduction regime (high forest and coppice) influenced
the shape of the trees, being necessary to adjust a
specific equation for each situation.

2. The bole tends to present a cylindrical shape
in a stand conducted under coppice regime, and conical
under high forest regime.
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