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Abstract: Forest plantations with tropical species lack allometric equations to estimate yield. This
study aims to test allometric models for estimation of volume, biomass and carbon stock for stems
of Schizolobium parahyba var. amazonicum, a species with great potential for using in homogene-
ous stands. A plantation of S. parahyba was inventoried, rigorously cubed and wood disks with
bark were collected to obtain the biomass and carbon stock of the stem. Allometric models were
fitted using as independent variables diameter at 1.30 m from the ground, total height, basic wood
density and carbon content. The biomass and carbon stock of the stand were 124 Mg ha* and 58
Mg C ha*, respectively. The selected equations for volume estimation with and without bark were
V = exp (—9.600 + 0.937 xInd?h) and V = exp (—9.622 + 0.938 * In d?h), respectively; for
biomass. the selected equation was B = exp(—9.566 + 0.936 * Ind?h + 1.014  Inp). and to es-
timate carbon stock C = exp(—9.797 + 0.937 * Ind?h + 1.026 = In p + 0.699 * Int). The al-
lometric equations for volume, biomass and carbon stock fitted in this study can generate more
accurate yield estimates for S. parahyba plantations in the Amazon region. Brazil’s commitment
under the Paris Agreement to reforest 12 million hectares by 2030 makes improving estimates of
volume, biomass and carbon a high priority.

Keywords: Paric4, Silviculture, Yield, Carbon content, Bark, Amazon, Brazil.

1. Introduction

Brazil has 9.93 million hectares of silvicultural plantations that store 1.79 billion tCO2eq, and
the country has 6 million hectares of natural forests for conservation purposes, which store 2.67
billion tCO2eq (IBA, 2022). In general, these plantations are made up of exotic species (Pinus sp.
and Eucalyptus sp.), and populations/stands of native species are still scarce in Brazil (SNIF, 2021).
Plantations with native species are becoming more prominent, with Schizolobium parahyba var.
amazonicum (Huber ex Ducke) Barneby standing out on the national scene as one of the native
species with the largest planted area in the country, accounting for approximately 90,000 ha (SNIF,
2021; IBA, 2019, 2021). Brazil’s commitment under the Paris Agreement includes reforesting 12
million hectares by 2030 (Brazil, 2016).

S. parahyba is a pioneer deciduous species that occurs naturally in primary forests and espe-
cially in the secondary forests of unflooded land and in high floodplains. It is fast-growing, has a
straight stem and wood that fetches high prices on the domestic and foreign markets. Because of
these characteristics, the species has been cultivated by timber companies in the north and northeast
of Brazil. The processing of the wood stands out because it is easy to remove the bark, laminate,
dry and press; 80% of the wood is used for lamination (Marques et al. 2006). It is widely used for
plywood and because the wood is a light (basic density = 0.49 g cm™3; SFB 2022). The basic density
of Schizolobium parahyba wood is similar to that of Pinus caribaea var. hondurensis (Sénécl.)
W.H. Barrett & Golfari in the Amazon region (0.49 g cm3; Silva et al. 2022) and of Eucalyptus
grandis W. Hill (0.49 g cm™). The basic density of wood is an important characteristic because the
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lower the wood density (softwoods), the lower the amount of carbon stored per volume of wood
(Romero et al., 2022).

In homogeneous stands, Schizolobium parahyba has a volumetric increase of between 30 and
35 m3 ha year?, which is higher than the increases found for Pinus sp. (= 30.4 m? ha* year?) and
Tectona grandis L.f. (= 23 m® ha? year?) (IBA 2021; Mascarenhas et al. 2021). The volumetric
increase is greater in S. parahyba stands than in stands with exotic species. This justifies commer-
cial plantations with native species. However, despite the high volumetric increase, forests planted
with S. parahyba still face a number of technical, scientific and operational problems due to the
limited research on the planting of this species (Sales et al., 2021).

An alternative is to fit volumetric equations for tropical species established in plantations.
Some volumetric equations have already been fitted for pure plantations of Schizolobium parahyba
var. amazonicum in the northern and central-western portions of Brazil (e.g., Tonini et al., 2005;
Feitosa et al., 2014; Ledo, 2019). However, especially in the southwestern Amazon, where pure
plantations with exotic and native species are few in number and lack production monitoring, there
are still not many volumetric equations adjusted for these species.

Allometric equations for estimating biomass and carbon are also scarce for planted forests in
the southwestern Amazon, especially for tropical species such as S. parahyba. The aim of this study
is to generate allometric equations for volume, biomass and carbon for stems of the species
Schizolobium parahyba var. amazonicum in a commercial stand in southwestern Amazonia. The
equations generated will make it possible to reduce the uncertainties associated with estimating
forest production and the biomass and carbon stocks of S. parahyba stands.

2. Materials and Methods

2.1. Study site

The study was carried out in an even-aged and homogeneous commercial S. parahyba stand
(11°43'22.70”S, 61°42'05.50”W), owned by the company Lano da Amazonia in Rolim de Moura,
located in Brazil's state of Rond6nia, in southwestern Amazonia (Figure 1).

Legenda
Brazil Rotm de Moura
B Roncea [ Planting area

sema e Coordenacas
UTM SIRGAS 200020 §

Figure 1. Location of the Schizolobium parahyba var. amazonicum stand in southwestern Amazonia,
Brazil.

According to the Kdppen-Geiger classification, the climate in the region is Aw, with annual
precipitation between 2300 and 2500 mm and an average annual temperature of 27.6 °C (Alvares
etal., 2013; Beck et al., 2018).

The relief of the municipality of Rolim de Moura is flat, with slight undulations in some
points. The altitude varies between 260 and 300 m above sea level; the municipality is in the Ma-
chado River basin. The soils in the region vary between latosol (yellow and dark red), podzols and
cambisols, depending on the slope of the terrain. The open ombrophilous forest is the predominant
vegetation in the municipality, but areas of Cerrado (savana) physiognomies are also found
(Januério, 2009).

The stand was established from seed in 2012 in an area of approximately 40 ha, with a spacing
of 3 m x 3 m. Site preparation included harrowing and subsoiling, followed by the application of
lime (1.5 Mg hal). NPK (4-14-8) fertilization was applied at 150 g per plant, followed by side-
dressings of NPK fertilizer up to 3 years after planting. Phytosanitary thinning to remove dead
and/or non-commercial trees was carried out in the first four years, in addition to pruning and weed
control (Neves et al., 2022). In the stand was attacked by a cicada (Quesada gigas) in 2018 and
2019.
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2.2. Selection of sample trees and data collection

The ideal sampling intensity for each diameter class was obtained using the formula n =

2, % 2 . . . . .
: (Ecorz/) where n = ideal sampling intensity in number of trees; t = tabulated value of the Student’s

t statistic (n-95%); CV = volume coefficient of variation in %; and E = required precision, in this
case 10%. Based on the calculated n, trees were distributed into diameter classes with ranges of 3
cm, totaling nine diameter classes. In some diameter classes, fewer trees were sampled (n-sampled)
than initially expected (n) due to technical criteria and company demands (Romero et al., 2020).

Rigorous cubing was performed using the Smalian method. Diameters with bark were meas-
ured, using a tree caliper, at different heights: 0.1 m; 0.3 m; 0.7 m; 1.3 m; 2.0 m; and, thereafter in
sections every 2.0 m until the total length of the stem was reached. The stumps had their diameters
measured, regardless of their height, which varied between 0.1 m and 0.5 m in the sampled indi-
viduals. The volume with and without bark (vec or vge; m®) of the individual stem sections was
obtained using the Smalian formula.

After rigorous cubing was completed, the stem was divided into 1.4-m logs (Figure 2) to
comprise the assortment used by the company and, thus, not interfere with the company’s meeting
its commercial demands. A wood disk 5.0 cm in width was collected from each log section for stem
analysis. Disks from the base (0-10% of the total height), middle (40-50% of the total height) and
top (80-90% of the total height; Figure 2) were selected to determine the carbon content and the
basic density of the wood and bark.

O
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Figure 2. Detail of the position of collection of wood disks used in this study.

In the laboratory, the wood disks were organized, separated and analyzed. When any sign of
deterioration was observed in the disk (Figure 2), such as a fissure or attack by fungi or xylophagous
insects, the damaged disk was discarded and a disk in a higher or lower position in the stem was
used (depending on the physical and pathological conditions of the disks).

Bark thickness was measured using a caliper, and the bark was then removed from the disks
and two opposing wedges were obtained using a circular saw. After that, for the sampling units of
wood (n = 6, being 3 disks per individual and 2 wedges per disk) and bark (n = 12, being 3 disks
per tree and 4 repetitions per disk) the basic density was determined following the procedures de-
scribed by ASTM D2395-17 (ASTM, 2017). The basic density of the wood was obtained from the
average of the six sample units evaluated for each tree. The basic density of the bark was obtained
in a similar way, considering the twelve sampling units per tree.

Biomass of the stem and bark were calculated as the product between the volume and the
mean basic density of each tree. Carbon content from wood and bark were determined using the
methodology proposed by Bezerra Neto & Barreto (2011). Carbon stock in the wood and bark of
each tree was obtained multiplying their biomasses by their carbon contents. Total carbon stock of
the stem was summed and divided by the sampled area (0.1521 ha) to obtain the carbon stock per
hectare.

2.3. Tested models
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To estimate the volume with and without bark (V, m?), five models were tested (Table 1
adapted from Romero 2018 and Romero et al., 2020), with the independent variables diameter at
breast height (d, cm) and total height (h, m), in addition to their combination.

Table 1. Mathematical models tested to estimate volume with and without bark of Schizolobium parahyba var. amazonicum in southwestern
Amazonia, Brazil

N° Model Author

1 V=exp(By+BiInd) +¢) Husch (1963; linearized)

2 V= B+ p.(d*h) +¢ Spurr (1952; combined variable)

3 V=pB+pd+ Bh+e Simple linear model

4V =exp(fy+ B In(d?h) + &) Spurr (1952; linearized)

5 V=exp(B+pBiIn(d)+ BIn(h) +¢) Schumacher and Hall (1933; linearized)

To estimate stem biomass (B, Mg), six models were used (Table 2; adapted from Romero,
2018; Romero et al., 2020). The independent variables of these models were diameter at breast
height (d, cm), total height (h, m) and basic wood density (p, g cm), in addition to their combina-
tions.
Table 2. Mathematical models tested to estimate stem biomass of Schizolobium parahyba var. amazonicum in southwestern Amazonia,

Brazil.
Ne Model Author
1  B=exp(By+pBiIn(d) + B,In(p) +¢) Chave et al. (2005)
2 B=-exp(By+ B In(d*h) + B,In(p) + &) Loetsch et al. (1973)
3 B=exp(By+ B In(d) + BrIn(h) + B5In(p) +¢) Schumacher and Hall (1933; linearized)
4 B =-exp(By+ B In(d) + B, In(h) +¢) Schumacher and Hall (1933; linearized)
5 B=py+pd+ Bh+e Simple linear model
6 B=pfy+pd+ Bh++pB:p+¢ Simple linear model (modified by Romero 2018)

Five models were tested for the estimation of stem carbon stock (C, Mg) (Table 3; adapted
from Romero 2018 and Romero et al. 2020), using the independent variables diameter at breast
height (d, cm), total height (h, m), basic wood density (p, g cm) and carbon content (t, dag kg™
in addition to their combinations.&

Table 3. Mathematical models tested to estimate stem carbon stock of Schizolobium parahyba var. amazonicum in southwestern Amazonia,
Brazil.

Ne Model Author

1 C=exp(By+ P In(d*h) + B, In(p) + B5In(t) +¢) Loetsch et al. (1973; modified by Romero 2018)

2 C =exp(By+PBiIn(d)+ B,In(h) + B3 In(p) + B, In(t) + €) Schumacher and Hall (1933; modified by

Romero 2018)

3 C=fy+pd+ Bh+e Simple linear model A

4 C= By+pid+ Bh+[F3p+¢ Simple linear model B (modified by Romero
2018)

5 C=Ly+pBd+ Loh+Psp+ Lt +e Simple linear model C (modified by Romero
2018)

In models in which the dependent variable was logarithmic, to allow comparison with other
fitted equations, the bias associated with logarithmic regression was removed using Meyer’s cor-
rection factor (FM) givenby FM = e%5*Syx* where Syx = standard error of the estimate. Independ-
ence (Durbin Watson test), normality (Komolgorov-Smirnov test) and homogeneity of residual
variance (Breusch-Pagan test) were examined to verify compliance with linear regression assump-
tions.
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Student's t test was applied to determine the significance of the coefficients. The criteria for
selecting the best fitted equation were high adjusted coefficient of determination (R2), lowest
standard error of the estimate as a percentage (Syx%) and graphical analysis of the residuals. All
statistical analyses were performed using the R 4.1.3 software (R Core Team 2022).

3. Results
3.1. Dendrometric parameters

The stand shows a behavior tending to heterogeneity, which can be seen from the variability
in dendrometric variables such as total height and diameter at breast height (Table 4). Volume with
bark is another variable that corroborates this heterogeneity, since it has a coefficient of variation
of 66.3%. The basal area of the stand was 31.96 m? ha*.

Table 4. Dendrometric characteristics of trees sampled in a 8-years stand of Schizolobium parahyba var. amazonicum in southwestern
Amazonia, Brazil.

Variable Range Mean (CV%)
Total height (m) 11.10-27.34 19.12 (17.1)
Commercial height (m) 6.30 - 18.42 13.06 (18.2)
Diameter at breast height (cm) 9.50 - 34.90 18.52 (25.3)
Volume with bark (m3) 0.054-1.090 0.29 (66.3)
Bark thickness (mm) 0.74-4.01 2.18 (26.9)
Basic wood density (kg m3) 238.7-509.4 380 (14.2)
Basic bark density (kg m=) 291.2-556.6 439 (12.1)
Wood carbon content (%) 44-50 47 (2.6)
Bark carbon content (%) 28-45 39 (9.4)

The diameter distribution of the sampled trees (Fig. 3) shows the trend expected for even-aged
stands, but slightly skewed to the right.

50
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Figure 3. Diameter distribution of trees sampled in an 8-year-old stand of Schizolobium parahyba var.
amazonicum in southwestern Amazonia, Brazil.

Stand volume with bark was 320 m? ha’. Total biomass was 124.6 Mg ha!, of which 116.4
Mg ha! was wood and 8.2 Mg ha* was bark. Bark contributed 6.6% of the total biomass of the
stem, which demonstrates the potential of this compartment for biomass production. The total car-
bon stock in the stand was 57.8 Mg C ha (wood = 54.6 Mg C ha; bark = 3.2 Mg C ha?).

3.2. Tested models
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All regression parameters of the equations fitted to estimate volume with and without bark
(Table 5) were significant by Student's t test (p < 0.05). The equations to estimate volume with bark
that met regression assumptions were Equation 4 (R2;. = 0.99; Syx% = 7.60%), followed by Equa-
tion 1 (R%;. = 0.97; Syx % = 11.65%). Regarding the equations to estimate the volume without bark
(Table 5), the same trend was observed: Equation 1 (R%4. = 0.97; Syx% = 11.89%) and Equation 4
(R%;. = 0.99; Syx% = 7.97%) were also the ones with the best fits.

Table 5. Volume with and without bark: regression parameters, adjusted coefficient of determination (R2aj.), standard error of the estimate
in percentage (Syx%), sum of squared residuals (SQRes) and Meyer's correction factor (FM) for the tested models.

Regression parameters

N° Syx% R24 SQres FM
Bo* B.* B *
Volume with sbark

1 -8.478 2.439 - 11.65 0.97 0.19 1.0056
2 0.0177 0.0000 - 7.83 0.98 0.08 -

3 -0.5153 0.0334 0.0096 16.90 0.93 0.39 -

4 -9.600 0.937 - 7.60 0.99 0.08 1.0022
5 -9.5457 1.9085 0.8859 7.67 0.98 0.08 1.0023

Volume without bark

1 -8.471 2.436 - 11.89 0.97 0.17 1.0056
2 0.0166 0.0000 - 8.24 0.98 0.08 -

3 -0.4836 0.0324 0.0088 17.23 0.93 0.36 -

4 -9.622 0.938 - 7.97 0.99 0.08 1.0025
5 -9.5563 1.9148 0.8780 8.00 0.99 0.08 1.0025

*Significant by the Student’s t test at the 5% error probability level.

The equations showed a uniform distribution of residuals, with a slight tendency to underes-
timate volume (Figure 4). Based on the goodness-of-fit criteria, equation 4 was selected as the best
for estimation of volume with and without.

E

Equation 1

=
=

Equation 1

V= exp(-8471+ 2.439%Ind) V= exp(-8.471+ 2 436*Ind)

¥EE2

......

Residual (%)
Residual (%)

50
Estimated volume with bark (m?® tree” ) Estimated volume without bark (m® tree” )

% [
Fos (£ s L2 L4

Residual (%)

o
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©) Equation 4 D) quatiol
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Estimated volume with bark (m* tree? ) 50 Estimated volume without bark (m®* tree )

Figure 4. Residual plots for Equation 1, volume with bark (A) and without bark (B) and for Equation
4, volume with bark (C) and without bark (D).

Among the five tested models to estimate biomass, Equation 1 (R%5 = 0.97; Syx% =11.76%),
Equation 2 (R%; = 0.99; Syx% =7.77), Equation 3 (R%; = 0.99; S\x% = 7.86%) and Equation 4 (R?;
=0.93; Syx% = 17.61%) were the ones that met regression assumptions. All regression parameters
of these models were significant by the Student's t test (p < 0.05).
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Table 6. Stem biomass: regression parameters, adjusted coefficients of determination (R?;), standard errors of the estimate in percent
(Syx%), sums of squared residuals (SQres) and Meyer's correction factors (FM) for the tested models.

Regression parameters

N Bo* B:* B* g " R 5Qnes i
1 -8.366 2.431 1.081 - 11.76 0.97 0.03 1.0052
2 -9.566 0.936 1.014 - 777 0.99 0.01 1.0022
3 -9.464 1.931 0.846 1.019 7.86 0.99 0.01 1.0022
4 -10.991 1.923 1.035 - 17.61 0.93 0.06 1.0134
5 -0.212 0.012 0.005 - 20.57 0.91 0.09 -

6 -0.267 0.012 0.004 0.189 18.13 0.93 0.07 -

*Significant by the Student’s t test at the 5% error probability level.

Distribution of the residuals varied between homogeneous distributions (Figure 5 B and C)
and distributions with a tendency towards underestimation of biomass (Figure 5 A and D;). Equa-
tions 2 and 3 had similar distributions of residuals. Considering the goodness-of-fit criteria, Equa-

tion 2 was considered the best for stem biomass estimation (Figure 5).
A) B)

Equation 1 Equation 2
B= exp(-0.566+0.936* Ind*h +1.014*Ing)

B=exp(-8.366+ 2.431* Ind+1.081* Inp)

Residual (%)
bbEdSo5uEEY

Estimated stem biomass (Mg tree'!) ) Estimated stem biomass (Mg tree'!)

s}
2

Equation 3 Equation 4
— exp(-0.464 + 1931 *lnd+0,846%knh +1.019%]
B exp(-0,464 + 1.931¥Ind+0,846*lnh +1,019%lnp) @ B exp-10991 + 1923 Ind+1.035%Iuh)

Residual (%)

Etekzozuese

50 o
Estimated stem biomass (Mg tree™) Estimated stem biomass (Mg tree”')

Figure 5. Stem biomass estimation: residual plots for Equations 1 (A), 2 (B), 3 (C) and 4 (D).

Regarding the equations for estimating carbon stock (Table 7), Equation 1 (R2; = 0.99; Syx%=
7.96) and Equation 2 (R2; = 0.98; Syx%= 8.48) met the regression assumptions. The regression
parameters of all equations were significant by the Student's t test (p < 0.05).

Table 7 Stem carbon stock: regression parameters, adjusted coefficients of determination (R?;), standard errors of the esti-
mate in percent (Syx%), sums of squared residuals (SQres) and Meyer's correction factors (FM) for the tested models.

Regression parameters FM
Ne° Syx% Rzaj SQRes
Bo* B1* B2* Bs* Bs*
1 -9.797 0.937 1.026 0.699 - 7.96 0.99 0.003 1.00229
2 -9.687 1.930 0.849 1.030 0.171 7.96 0.99 0.003 1.00228
3 -0.099 0.006 0.002 - - 20.86 0.90 0.019 -
4 -0.126 0.006 0.002 0.090 - 18.29 0.93 0.014 -
5 -0.147 0.006 0.002 0.089 0.047 18.31 0.93 0.014 -

*Significant by the Student’s t test at the 5% error probability level.

The distributions of the residuals of the two equations were similar, i.e. both showed uni-
formity and a slight tendency towards underestimation of stem carbon stock (Figure 6). Equation 1
was selected to estimate the carbon stock of the stand, based on the goodness-of-fit criteria.
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Figure 6. Stem carbon stock: residual plots for Equations 1 (A) and 2 (B).

The graphs of the estimated values by the selected equations as a function of the observed
values are shown in Figure 7. For the volume with and without bark, Equation 4 had the best fit;
Equation 2 was the best for estimating stem biomass, and Equation 1 was the best for stem carbon

stock.
A) B) 14

0 04 06 08 10 12 0.0 02 04 0.6 08 10 12
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Figure 7. Plots of the observed and estimated values of the equations with the best fits for estimating
volume with bark (A) and without bark (B), stem biomass (C) and stem carbon stock (D).

4. Discussion

In this study, volume, biomass and carbon stock were quantified in a plantation of S. parahyba
in Brazilian Amazonia, and allometric equations were generated. The high variability presented by
the dendrometric variables, which is exemplified by the variation in wood basic density (Table 4),
may be related to the seed source used for planting the stand, which implies high genetic variability
among trees. In addition, the stand was attacked by an insect pest (Quesada gigas). This heteroge-
neity is also visible in the diameter distribution, which is slightly skewed to the right (Figure 3).

These factors may have contributed to the non-compliance with the regression assumptions
by some equations. This might be associated with the phytosanitary thinning performed in the stand,
which caused the opening of gaps. Thus, there was a change in the levels of competition between
individuals. Trees located near gaps had a reduction in competition and a higher incidence of solar
radiation than those that remained inside the plantation. This could be a cause for the heterogeneity
observed in the dendrometric variables of the stand, which may have also negatively influenced the
goodness-of-fit of the tested models.

Considering volume modeling, the selected equation (Equation 4) includes the variables
height and diameter, a combination that provides better estimates (Chave et al. 2005; Goodman et
al. 2014), which was also seen by a volume underestimation of only 2% in the present study. We
highlight the importance of using locally developed equations. For instance, the use of a volumetric
equation fitted for S. parahyba stands in Roraima (R2aj.= 0.79; Syx%= 14.08; Tonini et al. 2005),
underestimated the volume of the studied stand by about 12%.

Regarding biomass and carbon stock, Equation 2 underestimated the results by about 1%, in
addition to including the basic wood density as an independent variable, which is known to con-
tribute to the generation of more accurate estimates of biomass. Despite the relevance of wood
density, many studies avoid using this variable because it is time-consuming and costly to assess
(Chave et al. 2005; Feldpausch et al. 2011; Goodman et al. 2014). It is therefore important to create
databases with this information for native species, a task to which this study may be contributing.
By ignoring basic wood density, the effects of the other predictor variables (d and h) are enhanced,
which may increase estimates’ magnitude of error.

The yield of the studied S. parahyba stand was higher than the yields in other studies that have
focused on volume (97.50 - 152.84 m3 ha*; e.g. Cordeiro et al. 2015; Neves et al. 2022) and biomass

www. https://periodicos.ufam.edu.br/index.php/revSustentabilidade
ISSN ONLINE: 2966-280X



Sustentabilidade International Seientific Journal

Volume 1. n.1. 2024. 0003

9 of 11

References

(34.53 Mg ha* - 82.40 Mg ha''; e.g. Batista 2019; Neves et al. 2022). Major reasons for this could
be age differences between the stands, since the studied stand of S. parahyba was, older than most
stands that have been studied. In addition, differences in the genetic material, site, spacing, fertili-
zation and silvicultural treatments can generate significant differences in terms of growth and pro-
duction in volume, biomass and carbon (Miranda et al. 2016).

The carbon stock obtained in this study (57.79 Mg C ha'!) indicates the potential that S. par-
ahyba plantations have in contributing to the mitigation of climate change. The partition of carbon
stock in the evaluated stand was higher for the stem (54.62 Mg C ha'?), but the bark also represented
an important component in arboreal carbon storage, with 5.5% (3.17 Mg C ha™?!) of the total stem
carbon stock. The carbon stock value was higher than the value obtained by Neves et al. (2022) in
the same study area, but when the stand was six years old (12.48 Mg ha™). The increase in carbon
stock by 437.7% in two years highlights the influence of age on carbon accumulation, which is
related to trees’ physiology — a greater development of the canopy in the juvenile stage and in the
stem at maturity (Martins et al. 2020).

The studied stand had a significant gain in carbon stock in just 2 years (437.7%), despite
having suffered an invasion of vines and phytosanitary problems related to the attack of a pest
(Quesada gigas), which can cause losses of up to 20% of the total planted area (Lunz et al. 2010).
This shows the importance of investing in studies of genetic improvement, silviculture and man-
agement of S. parahyba in order to reach the real productive potential of these plantations (Neves
et al. 2022).

Finally, it is expected that the information generated in this study will help to improve esti-
mates of volume, biomass and carbon stock in S. parahyba plantations in southwestern Amazon.
Studies like this should be replicated in other parts of Brazilian Amazonia to better understand the
yield potential of tropical timber species and their contribution to carbon storage.

5. Conclusions

The allometric equations for volume, biomass and carbon stock fitted in this study can gen-
erate more accurate yield estimates for S. parahyba plantations. Studies like this are relevant to
forestry plantations, with commercial native species. This is because S. parahyba populations in the
southwestern Amazon have importance that goes beyond lamination, being also providers of eco-
system services, such as the sequestration and storage of atmospheric carbon in plantation biomass.
Despite the adversities suffered by the studied population, the species showed a considerable accu-
mulation of biomass and carbon stock.

ContribuicBes dos Autores: Conceptualization, K.M.F.S. e S.C.R., KJ.R,; formal analysis,
F.M.F.; investigation, .M.F.S., S.C.R., A.R.P.M.; supervision, FM.B.R.; S.C.R.,, KJ.R., and
P.M.F.; and writing—original draft, K.M.F.S.; writing—review and editing, K.M.F.S., S.C.R,,
F.M.B.R., KJR., ARP.M, S.CB., R.CB.L, R.B.C.L, and P.M.F. All authors have read and
agreed to the published version of the manuscript.

Agradecimentos: FMBR thanks the Conselho Nacional de Tecnologia e Desenvolvimento Cien-
tifico (CNPq) for a scholarship, the Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior
(CAPES) for an internship scholarship at the University of Alabama, Tuscaloosa, Alabama, USA,
and INPA's Programa de Capacitagdo Institucional (PCI) for a post-doctoral fellowship.

Conflito de Interesses: The authors declare no conflict of interest. The funders had no role in the
design of the study; in the collection, analyses, or interpretation of data; in the writing of the man-
uscript, or in the decision to publish the results.

Alvares CA, Stape, JL, Sentelhas PC, Gongalves, JLM, Sparovek G (2013). Koppen’s climate classification map for Brazil. Mete-
orologische Zeitschrift 22(6): 711-728. https://doi.org/10.1127/0941-2948/2013/0507

Baral H, Guariguata MR, Keenan RJ (2016). A proposed framework for assessing ecosystem goods and services from planted
forests. Ecosystem Services 22(Part B): 260-268. https://doi.org/10.1016/j.ecoser.2016.10.002

Batista FJ (2019). Capacidade produtiva, estimativa de volume e biomassa em plantag@es de Schizolobium parahyba var. amazoni-
cum com o uso de imagens Sentinel 2 [Production capacity, volume and biomass estimation in Schizolobium parahyba var.
amazonicum with the use of Sentinel 2 images]. Doctoral thesis, Universidade Federal de Santa Maria, Santa Maria, RS, Brazil.

Beck HE, Zimmermann NE, Mcvicar TR, Vergopolan N, Berg A, Wood EF (2018). Present and future Képpen-Geiger climate
classification maps at 1-km resolution. Scientific Data 7: art. 180214. https://doi.org/10.1038/sdata.2018.214

www. https://periodicos.ufam.edu.br/index.php/revSustentabilidade
ISSN ONLINE: 2966-280X



Sustentabilidade International Seientific Journal

Volume 1. n.1. 2024. 0003 10 of 11

Brazil (2016). Federative Republic of Brazil intended nationally determined contribution towards achieving the objective of the
United Nations Framework Convention on Climate Change. Disponivel em: https://unfccc.int/sites/default/files/BRA-
Z1L%20iNDC%20english%20FINAL.pdf (accessed on 3 July 2024).

Chave J, Andalo C, Brown S, Cairns MA, Chambers JQ, Eamus D, Folster H, Fromard F, Higuchi N, Kira T, Lescure JP, Nelson
BW, Ogawa H, Puig H, Riéra B, Yamakura T (2005). Tree allometry and improved estimation of carbon stocks and balance
in tropical forests. Oecologia 145: 87-99. https://doi.org/10.1007/s00442-005-0100-x

FAO (2020) Food and agriculture organization of the United Nations. Global Forest Resources Assessment 2020: Main report.
Rome, Italy. 164 pp.

Feitosa TR, Ruschel AR, Pereira JF, Soares MHM (2014). Selecdo de modelo volumétrico para arvores de parica (Schizolobium
amazonicum Huber ex Duck) oriundas de enriquecimento de clareiras em area de floresta intensivamente explorada [Selection
of a volumetric model for parica trees (Schizolobium amazonicum Huber ex Duck) from gap enrichment in an intensively
logged forest area] 18° Seminario de Iniciagdo Cientifica e 2° seminario de p6s-graduacdo da Embrapa Amazonia Oriental.
Embrapa, 5p.

Feldpausch TR, Banin L, Phillips OL, Padeiro TR, Lewis, SL, Quesada CA, Affum Baffoe K; Arets EJIMM, Baga NJ, Passaro M,
Brondizio ES, De Camargo P, CHAVE J, Djagbletey G, Domingues TF, Drescher M, Fearnside PM, Franga MB, Fyllas NM,
Lopez-Gonzalez G, Hladik A, Higuchi N, Hunter MO, lida Y, Salim KA, Kassim, AR, Keller M, Kemp J, Rei DA, Lovett
JC, Marimon BS, Marimon-Junior BH, Lenza E, Marshall AR, Metcalfe DJ, Mitchard ETA, Moran, EF, Nelson BW, Nilus R,
Nogueira EM, Palacio M, Patifio S, Peh KS-H, Raventos Reitsma JM, Saiz G, Schrodt F, Sonké B, Taedoumg HE, Tan S,
White L, Will, H, Elloyd, J (2011). Height-diameter allometry of tropical forest trees. Biogeosciences 8: 1081-1106.
https://doi.org/10.5194/bgd-7-7727-2010

Goodman, RC, Phillips OL, Baker TR (2014). The importance of crown dimensions to improve tropical tree biomass estimates.

_ Ecological Applications 24(4): 680-698. https://doi.org/10.1890/13-0070.1

IBA (Industria Brasileira de Arvores). (2019). Industria Brasileira de Arvores Relatorio 2019 [Brazilian Tree Industry 2019 Report].
IBA, Sdo Paulo, SP, Brazil. 79 pp. https://iba.org/datafiles/publicacoes/relatorios/iba-relatorioanual2019.pdf Brazilian Tree
Industry

IBA (Industria Brasileira de Arvores). (2021). Industria Brasileira de Arvores. 2021 Relatorio Anual IBA [2021 Annual Report
IBA]. IBA, Séo Paulo, SP, Brazil. 176 pp. https://twosides.org.br/BR/relatorio-anual-iba-2021/ Brazilian Tree Industry

IBA (Industria Brasileira de Arvores). (2022). Industria Brasileira de Arvores Relatorio Anual 2022 [Brazilian Tree Industry 2022
Annual Report]. IBA, S&o Paulo, SP, Brazil. 87 pp. https:/iba.org/datafiles/publicacoes/relatorios/relatorio-anual-iba2022-
compactado.pdf (accessed on 3 July 2024).

Januario, ML (2009). Rolim de Moura: Uma “Viagem no Tempo” [Rolim de Moura: A “Travel in Time”]. Grupo Ambiental APF.
D’press Editora e Grafica Ltda/RO, Rolim de Moura, RO, Brazil. 90 pp.

Ledo FM (2019). Volume de madeira: determinacdo, amostragem e métodos de estimativa [Wood volume: determination, sampling
and estimation methods] Tese de doutorado, Universidade Federal Rural da Amazénia, Belém, PA, Brazil.

Lunz, AM, Batista TFC, Rosario VVdo SV, Monteiro OM, Mahon AC (2010). Ocorréncia de Pantophthalmus kerteszianus e P. Chuni
(Diptera: Pantophthalmidae) em parica, no Estado do Para [Occurrence of Pantophthalmus kerteszianus and P. chuni (Diptera:
Pantophthalmidae) in paric4, state of Para]. Pesquisa Florestal Brasileira 30(61): 62-65. https://doi.org/10.4336/2010.pfh.61.71

Martins JFC, Silva SA, Coutinho VM, Orso GA, Behling A, Corte APD (2020). Carbono nos componentes da biomassa de Acacia
mearnsii De Wild [Carbon in the biomass components of Acacia mearnsii De Wild.] BIOFIX Scientific Journal 5(1): 32-38.
https://doi.org/10.5380/biofix.v5i1.67131

Marques LCT, Yared JAG, Siviero MA (2006). A Evolugdo do Conhecimento sobre o Parica para Reflorestamento no Estado do
Para. EMBRAPA: Belém, Para.

Mascarenhas ARP, Sccoti MSV, Melo RR de, Corréa FLO, Souza EFM de, Pimenta, AS (2021). Quality assessment of teak (Tec-
tona grandis) wood from trees grown in a multi-stratified agroforestry system established in an Amazon rainforest area. Hol-
zforschung 75(5): 409-418. https://doi.org/10.1515/hf-2020-0082

Miranda DLC, Amorim PCB, Silva F, Lisboa GS, Condé TM, Silva, CS (2016). Growth and production of paricd wood in two
plantations in the north of Mato Grosso, Brazil. Nativa 4(4): 199-205. https://doi.org/10.14583/2318-7670.v04n04a03

Neves AHB, Oliveira AC, Ataides GC, Santos CMM, Pereira VL, Aquino LFP, Sccoti MSV, Tronco KMQ, Melo RR, Mascarenhas
ARP (2022). Biomassa e carbono em plantio comercial de parica na Amazonia [Biomass and carbon in commercial parica
plantation in the Amazon]. Nativa 10(2): 154-162. https://doi.org/10.31413/nativa.v10i2.13330

Romero FMB (2018) Contribuicdo do manejo sustentavel em floresta do bioma amazénico para minimizacdo de gases de efeito
estufa [Contribution of sustainable forest management in the Amazon biome to minimize greenhouse gases]. Doctoral thesis,
Universidade Federal de Vicosa, Vicosa, MG, Brazil.

Romero, MB., Jacovine, LAG., Ribeiro, SC., Torres, CMME., Silva, LFD., Gaspar, RO, Rocha, SJSS., Staudhammer, CL, Fear-
nside, PM. (2020). Allometric equations for volume, biomass, and carbon in commercial stems harvested in a managed forest
in the southwestern Amazon: A case study. Forests, 11(8), 874. https://doi.org/10.3390/f11080874

Romero FMB, Jacovine LAG, Morais Junior VTM, Ferreira Neto JA, Ribeiro SC, Fearnside PM (2022). Coeficiente de rendimento
volumétrico e de carbono de espécies florestais comerciais no estado do Acre. pp. 85-98. In: R.J. de Oliveira (ed.) Silvicultura
e Manejo Florestal: Técnicas de Utilizacdo e Conservacdo da Natureza. Ed cientifica digital, Guaruja, S&o Paulo, SP, Brazil.
440 pp. https://doi.org/10.37885/201102208

Sales A, de Oliveira Neto SN, de Paiva HN, Leite HG, Siviero MA, Vieira SB (2021). Growth and yield of Schizolobium parahyba
var. amazonicum according to soil management in agroforestry systems: A case study in the Brazilian Amazon. Diversity 13:
art. 511. https://doi.org/10.3390/d13110511

www. https://periodicos.ufam.edu.br/index.php/revSustentabilidade
ISSN ONLINE: 2966-280X



Sustentabilidade International Seientific Journal

Volume 1. n.1. 2024. 0003 11 of 11

Silva KMF, Ribeiro SC, Bressiani LST, Amaro MA, Nascimento JF, Magistrali PR, Miranda FN, Kerdy VSV, Pizarroso SLC,
Romero FMB (2022). Estimativa do estoque de carbono em um povoamento de pinus caribaea var. Hondurensis na Amaz6nia
ocidental brasileira. pp 80-92 In: FMB Romero, RB Castro, JCR Tello, FA Schmidt, AC Carvalho (eds). Conservacgéo e Bio-
diversidade Amazobnica: Potencialidade e Incertezas. Ed cientifica digital, Guarujd, S& Paulo, SP, Brazil.
https://doi.org/10.37885/220709414

SFB (2022). Servico Florestal Brasileiro. Banco de dados de madeiras brasileiras [Brazilian wood database]. https:/Ipf.flores-
tal.gov.br/pt-br/madeiras-brasileiras. (accessed on 3 July 2024).

SNIF (2021) Sistema nacional de informagdes florestais. Florestas Plantadas [Planted forests]. https://snif.florestal.gov.br/pt-br/flo-
restas-plantadas (accessed on 3 July 2024).

R Core Team (2022). Development Core Team R: A language and environment for statistical computing. http://www.r-project.org.

Tonini H, Pereira RNP, Arco-Verde MF, Oliveira Junior MM (2005). Selecéo de equacGes para o Parica (Schizolobium amazonicum
Huber ex Duck), no Estado de Roraima [Selection of equations for Parica (Schizolobium amazonicum Huber ex Duck), in the
State of Roraima]. Boletim de Pesquisa e Desenvolvimento No. 4, Embrapa Roraima, Boa Vista, RR, Brazil. 20 pp.
https://ainfo.cnptia.embrapa.br/digital/bitstream/item/130481/1/BP04-parica-helio.pdf

www. https://periodicos.ufam.edu.br/index.php/revSustentabilidade
ISSN ONLINE: 2966-280X



