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Abstract
Basic information about growth rate and response to silvicultural treatments on potential native species are bottlenecks
for the wide use of these species for forest production. In this context, the objective of this work was to evaluate
the silvicultural performance of four native species as a function of pruning intensity. The experimental design
was completely randomized with ten replications and one plant per plot, in a 4 x 4 factorial scheme, four forest
species, and four pruning intensities. At 30 and 42 months, height (H) and diameter at breast height (DBH) were
evaluated, then the current annual increment (CAI) was calculated, as well as the mean annual increment (MAI) at
42 months. Guazuma ulmifolia showed higher growth in height and DBH compared to other species at both ages.
The pruning resulted in a reduction of MAI in 0.15 cm. year-1 in DBH for every 25% of pruning intensity.
Keywords: Pruning, Guazuma ulmifolia, Cordia trichotoma, Peltophorum dubium, Joannesia princeps.

1. INTRODUCTION AND OBJECTIVES
In scenarios where the use of native species is part
of the requirement for forestry implantation, such as the
Legal Reserve in Brazil, the exploration of forestry products
becomes a promising alternative to make reforestation projects
economically viable (Brancalion et al., 2012). Despite this
model appearing as an efficient strategy, the lack of knowledge
about native species silviculture restrains its usage (Brancalion
et al., 2015; Carneiro et al., 2017).
The absence of this detailed information prevails the interest
in planting exotic species, especially those of the Eucalyptus
and Pinus genera, due to the available silvicultural knowledge
on these genera (Assis et al., 2013; Stuepp et al., 2018) and a
consolidated market. This incentive to exotic species cultivation
not only underestimates the market potential of native species
but also limits their conservation, since many of these species
are rare due to irrational exploitation, resulting in its local
extinction in several regions (Mendonça et al., 2017).

According to Oliveira et al. (2021), many native species in
favorable environmental conditions and if submitted to adequate
silvicultural management present satisfactory potential for
wood production in forest restoration plantations. Furthermore,
the correct use of silvicultural treatments accelerates growth
and reduces the cutting cycle (Sist et al., 2014).
Among the silvicultural treatments, pruning promotes
wood free from knots with greater strength, durability, and
beauty. The pruning management reduces and concentrates
the incidence of knots in the wood and, therefore, results in
higher added-value products (Oliveira et al., 2020). Pruning
management is relevant, especially in the plantations where
the species do not have natural pruning (Oliveira et al., 2012).
However, due to the reduction of the photosynthetically
active area of the plant, pruning can compromise its growth
in diameter and height (Fontan et al., 2011). Such effect was
observed by Cezana et al. (2012) in hybrids of Eucalyptus
urophylla x Eucalyptus grandis, noting the relationship between
the increase in pruning intensity and the reduction in plant
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diameter and height growth. The pruning response may
vary in different species and different crown architecture.
Therefore, studies to define the influence of pruning intensity,
especially in native species, are crucial.
In this context, the present study aimed to evaluate the
silvicultural performance of four native species as a function
of pruning intensity.

2. MATERIALS AND METHODS
The experimental area, located at Pirilampo Ranch on
Ijaci - MG (21° 09’ 26.60’’S and 44° 56’ 07.15’’O), has Dark Red
Latosol soil, an average altitude of 875 m and, Cwb climate,
according to Koppen’s classification. The average annual
temperature is 19.4 ºC, varying between 15.8 ºC and 22.1 ºC
for the months of July and February, respectively, and with
total annual precipitation of 1530 mm (Alvares et al., 2013).

The experiment happened in a mixed-species even-aged stand,
with a spacing of 3 x 1.5 m, implemented in 2018 to convert a
crop field into a productive Legal Reserve (a mandatory native
forest parcel). The soil preparation consisted of harrowing, a
subsoiling with 40 cm depth, and base fertilization using 150
g of simple superphosphate per planting hole.
The treatments were four tree species (Guazuma
ulmifolia Lam. (mutamba), Cordia trichotoma (Vell.) Arrab.
(louro pardo), Peltophorum dubium (Speng.) (angico amarelo)
and Joannesia princeps Vell. (cotieira)), and four pruning
intensities (0, 25, 50, and 75%).
The pruning intensities were performed at 20 months and
repeated at 32 months after planting, based on the proportion of
individuals’ total height (Table 1). At 18 months, the species had
a mean height (H) and diameter at breast height (DBH) of 5.26
m; 2.43 cm for G. ulmifolia, 2.98 m; 1.06 cm for C. trichotoma,
3.82 m; 1.71 cm for P. dubium, and 3.91 m; 1.76 cm for J. princeps.

Table 1. Mean height before each pruning operation and height of pruning according to pruning intensities for each tree species at each
pruning operation in Ijaci – MG.
Guazuma ulmifolia
Pruning intensities

18 months

30 months

Cordia trichotoma
18 months

18 months

30 months

Joannesia princeps
18 months

30 months

0%

0.00 m

0.00 m

0.00 m

0.00 m

0.00 m

0.00 m

0.00 m

0.00 m

25%

1.32 m

1.96 m

0.75 m

1.48 m

0.96 m

1.68 m

0.98 m

1.73 m

50%

2.63 m

3.93 m

1.49 m

2.97 m

1.91 m

3.35 m

1.96 m

3.46 m

75%

3.95 m

5.89 m

2.24 m

4.45 m

2.87 m

5.03 m

2.93 m

5.18 m

Mean height

5.26 m

7.85 m

2.98 m

5.93 m

3.82 m

6.70 m

3.91 m

6.91 m

The experimental design was completely randomized, with
ten replications and one plant per plot, in a factorial scheme
4 (tree species) x 4 (pruning intensities). The assessment
of the trees’ growth was after pruning at 30 and 42 months
old. The height measurement was by a graduated ruler and
the diameter at breast height with a measuring tape. The
current annual increment (CAI) for H and DBH for each
period (Equation 1) and the mean annual increment (MAI)
for H and DBH at 42 months (Equation 2) were estimated.
(Equation 1)
Where, = final H or DBH, and = initial H or DBH.
			

(Equation 2)

Where, = final H or DBH, and I = final age.
All the data were submitted to analysis of variance
(ANOVA). To differentiate species was applied the ScottKnott test (p< 0.05). For pruning, were performed regression
2

30 months

Peltophorum dubium

analysis. All statistical analysis were supported by the SISVAR
software (Ferreira, 2019).

3. RESULTS AND DISCUSSION
There was no significant interaction between species and
pruning. The species showed a significant difference in all
parameters analyzed, except for the current annual increase
in height (CAI H) (Table 2). The pruning intensities had a
significant effect on the CAI DBH, the DBH at 42 months,
and the MAI DBH. The experimental variation coefficient
ranged from 11.97% to 41.64%, with most parameters below
27% (Table 2).
There was a statistical difference, by the Scott-Knott test
(p<0.05), regarding the growth of species in all analyzed
parameters (Table 3). The species exhibited a distinct growth
rate in DBH, with a clear distinction between their values. The
differences between species did not change throughout the
evaluations, highlighting, in descending order of DBH, the
species Guazuma ulmifolia; Joannesia princeps; Peltophorum
dubium, and Cordia trichotoma (Table 3).
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Table 2. Summary of the analysis of variance for diameter at breast height (DBH), Height (H), current annual increment (ICA) at 30 and
42 months after planting and, mean annual increment (MAI), for different species and intensity of pruning, in Ijaci – MG.
Mean Square
FV

DF

Specie (S)

3

30 months
DBH

H

263*

24.40*

163.95*

42 months

CAI DBH CAI H

MAI

DBH

H

CAI DBH

CAI H

DBH

H

1.25

508*

57.06*

43.15*

7.86*

56.50*

6.35*

Pruning (P)

3

6.59

0.73

7.59*

0.38

16.04*

1.01

3.16

0.42

1.78*

0.11

SxP

9

1.54

0.65

1.71

0.38

3.53

1.54

0.90

0.89

0.39

0.17

CV (%)

16.86

11.97

19.21

26.43

16.11

12.35

40.38

41.64

16.12

12.36

Mean

10.06

6.83

8.33

2.85

13.34

8.93

3.28

2.10

4.45

2.98

*: significant at the 5% probability level by the F test;

Table 3. Influence of pruning on the species Guazuma ulmifolia, Joannesia princeps, Peltophorum dubium, and Cordia trichotoma for the
dendrometric variables DBH, H, CAI DBH, CAI H, and MAI of DBH and H, at 30 and 42 months.
Species

30 months

42 months

DBH (cm)

H (m)

CAI DBH (cm)

7.20 d

5.93 c

6.15 d

Peltophorum dubium

9.31 c

6.70 b

Joannesia princeps

10.46 b

6.91 b

Guazuma ulmifolia

13.44 a

7.85 a

11.01 a

Cordia trichotoma

MAI

DBH (cm) H (m) CAI DBH (cm) CAI H (m) DBH (cm) H (m)
9.17 d

7.38 c

1.97 c

1.45 b

3.06 d

2.46 c

7.59 c

12.29 c

8.92 b

2.99 b

2.22 a

4.10 c

2.97 b

8.69 b

14.37 b

9.20 b

3.91 a

2.29 a

4.79 b

3.07 b

17.76 a

10.31 a

4.32 a

2.46 a

5.92 a

3.44 a

Means followed by the same letter in the column do not differ significantly by the Scott-Knott test (p < 0.05). DBH: diameter at breast height; H: tree height; CAI:
current annual increment; MAI: mean annual increment.

The height growth patterns also occurred differently
between species and maintained the same order as presented
at DBH (Table 3). Guazuma ulmifolia stands out with the
tallest trees and Cordia trichotoma with the smallest growth
in height, Joannesia princeps and Peltophorum dubium had
no statistical differences for height growth.
It is interesting to highlight the significant reduction
in the CAI in DBH between the assessments at 30 and 42
months (Table 3), with a decrease of 60.76% for Guazuma
ulmifolia, 55% for Joannesia princeps, 60.60% for Peltophorum
dubium, and 67.96% for Cordia trichotoma. The current
annual increment in height among species did not vary much
(Table 3), with only Cordia trichotoma showing statistically
lower values than the other species.
The mean annual increment followed the same pattern
as the total values in
 DBH and H (Table 3), highlighting the
species Guazuma ulmifolia with a mean growth of 5.92 cm.year-1
and 3.44 m.year-1, in DBH and H, respectively. The smallest
annual increments were observed in Cordia trichotoma, with
3.06 cm and 2.46 m, in DBH and H, respectively. The pruning
intensity effect was more expressive in the variables linked to
DBH, with statistical differences being found for the CAI in
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DBH at 30 months, for DBH at 42 months, and the MAI in DBH
(Table 2). The regressions showed a negative linear behavior
for the variables CAI DBH at 30 months, DBH at 42 months,
and MAI in DBH for increasing pruning intensity (Figure 1).
For each 25% increase in the pruning intensity, there was
a decrease of 0.3 cm for the CAI DBH at 30 months, 0.47 cm
for the DBH at 42 months, and one reduction of 0.15 cm.year-1
in the MAI DBH. The application of 75% pruning intensity
resulted in a reduction in the MAI in DBH of 9.60% (0.45
cm.year-1) in comparison to the treatment of 0% pruning
intensity (Figure 1).
The different growth rates presented by the species are
related to the successional groups and their correlation
with evolutionary biology and ecology. Plants classified as
pioneers play the primary role in colonization and formation
of forest physiognomy in open areas. Pioneers species are
well suited to environments with abundant light and space,
with rapid growth as their main characteristics. Luminosity
is the principal growth factor for pioneer species (Rigueira et
al., 2012). The higher growth rate of Guazuma ulmifolia may
be associated with the fact that it is classified as a pioneer
species, as reported by Corrêa et al. (2014).
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Diameter at breast height (cm)

A

10,0
9,5
y = -0.012x + 8.776

9,0

R² = 79%

8,5
8,0
7,5
7,0

0

25

50
Pruning intensity (%)
Mean annual increment in DBH (cm)

Current annual increment in DBH (cm)

4-6

75

15,0

B

14,5
y = -0.019x + 14.05

14,0

R² = 100%

13,5
13,0
12,5
12,0

0

25
50
Pruning intensity (%)

75

C

4,8
4,7
4,6

y = -0.006x + 4.684

R² = 100%

4,5
4,4
4,3
4,2
4,1

0

25

50
Pruning intensity (%)

75

Figure 1. Influence of pruning intensity for the variables: Current annual increment in DBH at 30 months (A), diameter at breast height
(DBH) at 42 months (B), and mean annual increment in DBH (C).

There is no consensus on the nomenclature of other successional
groups. However, the prevalent idea is that non-pioneer species
have slower growth rates. Silva et al. (2016) classify Peltophorum
dubium and Joannesia princeps as initial secondary, a group with
intermediate dependence on light for their growth (Callegaro et
al., 2015). Both species showed a similar growth rate, not being
statistically different in MAI for height. However, Joannesia
princeps presented a distinguished mean annual increase
in diameter, probably due to its greater crown density and,
consequently, more production of photoassimilates. Cordia
trichotoma is classified as a non-pioneer species by Corrêa et
al. (2014), while Schneider et al. (2006) identified it as an initial
secondary. However, the slower growth rate of the species when
compared to the others is evident.
It is possible to notice that the pruning intensity affected,
above all, the growth in diameter of the individuals, with a
tendency towards smaller values with the increase in the
pruning intensity. This phenomenon could be explained by the
photosynthetic surface of the plant reduction by the pruning
technique, which reduces the supply of carbohydrates and
growth regulators produced in the crown (Pires et al., 2002).
However, the effect of pruning is not a consensus. In clones
of Tectona grandis, Seta et al. (2021) found that pruning up
to 66% of crown height did not negatively affect plant growth
in diameter and height. In clones of Populus × canadensis the
pruning affect diameter until the 10th year after plantation,
4

where unpruned and pruned trees match (Danilović et al.,
2022). This slow recovery is because the pruned plants invest
first in the recovery of the crown and, later, they resume
diameter growth (Machado et al., 2014). In Pinus radiata,
Hevia et al. (2016) observed a reduction in mean diameter
increment of 11.6% after one year of 29-37% of live crown
removed. This reduction was similar to the found in this
work, of 10.14%, for the 75% intensity pruning.
The regression showed a tendency to reduce the values
linked to the diameter when increased crown removal
intensity (Figure 1). Similar results were found by Bhargava
& Rai (2019), in Dalbergia sissoo, where the growth values
were inversely proportional to the pruning intensity. Pires
et al. (2002) observed losses in the growth of E. grandis with
pruning intensities above 50%. In general, the application of
severe pruning can reduce the diameter and height growth
(Hevia et al., 2016; Bhargava & Rai, 2019; Danilović et al.,
2022) due to the crown reduction and, consequently, declining
the photosynthetic area of the plant.
It was possible to note the effects of crown removal on
the DBH growth for G. ulmifolia, J. princeps, P. dubium,
and C. trichotoma. However, the more intense pruning (75%)
resulted in a reduction of 0.45 cm.year-1 in DBH (9.60%),
making the decision for the most drastic intervention in
pruning a management strategy for the production of wood
with higher added value.
Floresta e Ambiente 2022; 29(2): e20210100
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Thus, the cost and complexity associated with pruning
increase with the height to be pruned. and the quality of the
final product is a function of the quantity of knot-free wood
(Dobner Júnior, 2022). Therefore, deciding pruning intensity
must be guided by the number of pruning operations and the
final height to be pruned. Thus, more drastic interventions,
such as 75%, would result in fewer pruning operations, but in
a reduction in the growth in DBH, 9.60%, in this study. Less
drastic interventions, such as 25%, would require additional
pruning operations however, smaller growth reductions in
DBH, 3.20% in this study.
The species P. dubium and C. trichotoma are of greater
economic interest due to the better quality of the wood
(Campos Filho & Sartorelli, 2015) and, therefore, the application
of pruning to increase the quality of the final product is
justified. The species G. ulmifolia and J. princeps have more
appeal for energy production and can be used in agroforestry
plantations (Campos Filho & Sartorelli, 2015). Within these
systems, pruning is also intended to manage the entry of light
between the lines, thus favoring the growth of intercropped
agricultural species (Bohn Reckziegel et al., 2021).
Therefore, pruning must consider aspects such as the
valuation of the final product and payment for the quality
of the wood to justify its application since the use of the
technique for species of lesser economic interest may not
be economically viable.

4. CONCLUSIONS
1.

2.

3.

There was no influence on the growth characteristics
analyzed as a function of the interaction between the
four species and the pruning intensity during the
experimental period.
The species Guazuma ulmifolia showed the best growth
in height and diameter, followed by the species Joannesia
princeps, Peltophorum dubium, and Cordia trichotoma,
respectively.
There was a linear reduction in diameter growth at
breast height to pruning intensity, with a decrease of
0.15 cm.year-1 for every 25% pruning intensity.

SUBMISSION STATUS

Received: 03 Jan. 2022
Accepted: 12 Apr. 2022
Associate editor: Eduardo Vinicius da Silva

5-6

AUTHORS’ CONTRIBUTIONS

Anatoly Queiroz Abreu Torres: Conceptualization (Lead); Data
curation (Lead); Formal analysis (Supporting); Investigation
(Lead); Methodology (Lead); Project administration (Equal);
Supervision (Supporting); Validation (Lead); Writing – original
draft (Lead); Writing – review & editing (Supporting).
Rodolfo Soares de Almeida: Data curation (Supporting);
Formal analysis (Lead); Investigation (Supporting); Validation
(Supporting); Visualization (Equal); Writing – original draft
(Supporting); Writing – review & editing (Lead).
Raul Reis Assunção: Data curation (Supporting); Methodology
(Supporting).
Artur Ferro de Souza: Data curation (Supporting); Formal
analysis (Supporting).
Lucas Vieira dos Santos: Data curation (Supporting); Validation
(Supporting).
Lucas Amaral de Melo: Conceptualization (Equal); Formal
analysis (Equal); Methodology (Equal); Project administration
(Lead); Resources (Lead); Supervision (Lead); Validation
(Lead); Writing – original draft (Supporting); Writing –
review & editing (Supporting).

REFERENCES
Alvares CA, Stape JL, Sentelhas PC, Gonçalvez JLM, Sparovek G.
Koppen’s climate classification map for Brazil. Meteorologische
Zeitschrift 2013: 22(6):711-728. DOI: 10.1127/0941-2948/2013/0507
Assis GBD, Suganuma MS, Melo ACGD, Durigan G. Uso de espécies
nativas e exóticas na restauração de matas ciliares no estado de
São Paulo (1957-2008). Revista Árvore 2013: 37(4):599-609. DOI:
10.1590/S0100-67622013000400003
Bhargava R., Rai N. Effect on monetary return in various pruning
intensities and agronomical management on Dalbergia sissoo
biomass production under agrisilviculture system. International
Journal of Curent Microbiology and Applied Sciences 2019: 8(6):
2444-2449. DOI: https://doi.org/10.20546/ijcmas.2019.806.291
Brancalion PHS, Viani RA, Strassburg BBN, Rodrigues RR. Finding the
money for tropical forest restoration. Unasylva 2012: 63(239): 25-34.
Brancalion PHS, Gandolfi S, Rodrigues RR. Restauração Florestal.
São Paulo: Oficina de Textos; 2015.
Bertolini ÍC, Debastiani AB, Brun EJ. Caracterização silvicultural
da Canafístula (Peltophorum dubium (Sprengel) Taubert).
Scientia Agrária Paranaensis 2015: 4(2):67-76. DOI: http://dx.doi.
org/10.18188/1983-1471/sap.v14n2p67-76

CORRESPONDENCE TO

Bohn Reckziegel R, Sheppard JP, Kahle HP, Larysch E, Spiecker
H, Seifert T, Morhart C. Virtual pruning of 3D trees as a tool for
managing shading effects in agroforestry systems. Agroforest System
2021: 96: 89–104. DOI: https://doi.org/10.1007/s10457-021-00697-5

Av. Norte, Caixa Postal 3037, CEP 37200-900, Lavras, MG, Brasil
e-mail: anatoly_torres@yahoo.com.br

Callegaro RM, Longhi SJ, Andrzejewski C, Araujo MM. Regeneração
natural de espécies arbóreas em diferentes comunidades de
um remanescente de floresta ombrófila mista. Ciência Rural

Anatoly Queiroz Abreu Torres

Floresta e Ambiente 2022; 29(2): e20210100

5

6-6

Torres AQA, Almeida RS, Assunção RR, Souza AF, Santos LV, Melo LA

2015: 45(10):1795-1801. DOI: https://doi.org/10.1590/01038478cr20131098
Campos Filho EM, Sartorelli PAR. Guia de árvores com valor
econômico. São Paulo: Agroicone; 2015.
Corrêa LS, Cardoso-Leite E, Castello ACD, Coelho S, Kortz AR,
Villela, FNJ et al. Estrutura composição florística e caracterização
sucessional em remanescente de Floresta Estacional Semidecidual
no Sudeste do Brasil. Revista Árvore 2014: 38(5):799-809. DOI:
https://doi.org/10.1590/S0100-67622014000500004
Danilović M, Sarić R, Cirović V, Pudja V. The impact of pruning
on tree development in poplar Populus× canadensis “I-214”
plantations. iForest-Biogeosciences and Forestry 2022: 15(1):3337. DOI: https://doi.org/10.3832/ifor3865-014
Dobner Júnior M. Pruning Araucaria angustifolia for knot-free
timber production. Floresta 2022: 52(1):054-063. DOI: http://
dx.doi.org/10.5380/rf.v52i1.75179
Ferreira DF. SISVAR: A computer analysis system to fixed effects
split plot type designs. Revista Brasileira de Biometria 2019: 37(4):
529-535. DOI: https://doi.org/10.28951/rbb.v37i4.450
Hevia A, Álvarez-González JG, Majada J. Comparison of pruning
effects on tree growth, productivity and dominance of two major
timber conifer species. Forest Ecology and Management 2016: 374:
82-92. DOI: https://doi.org/10.1016/j.foreco.2016.05.001
Machado MS, Ferreira LR, Oliveira Neto SN, Ferreira GL, Fontes
DR, Machado AFL. Métodos de controle de plantas daninhas
e desrama precoce no crescimento do eucalipto em sistema
silvipastoril. Advances in Weed Science 2014: 32(1):133-140. DOI:
https://doi.org/10.1590/S0100-83582014000100015
Mendonça GCD, Chichorro JF, Mendonça ARD, Guimarães
LADOP. Avaliação silvicultural de dez espécies nativas da Mata
Atlântica. Ciência Florestal 2017: 27(1):277-290. DOI: https://doi.
org/10.5902/1980509826466
Oliveira FM, Lopes ES, Malinovski JR, Da Silva RH, Rodrigues CK.
Avaliação técnica e de custos de poda manual e semimecanizada
em plantios de Pinus taeda. Floresta 2012: 42(4):691-700. DOI:
http://dx.doi.org/10.5380/rf.v42i4.26952
Oliveira PPG, Acosta HAB, De Souza Maria L, De Carvalho MAC.
Influência da época e do número de desrama sobre o desenvolvimento

6

inicial de Tectona grandis l. F. no sistema silvipastoril. Investigación
Agraria 2020: 22(1):39-45. DOI: https://doi.org/10.18004/investig.
agrar.2020.junio.39-45
Oliveira CDC, Durigan G, Putz FE. Thinning temporarily
stimulates tree regeneration in a restored tropical forest. Ecological
Engineering 2021: 171:106390. DOI: https://doi.org/10.1016/j.
ecoleng.2021.106390
Pires BM, Reis MGF, Reis GG. Crescimento de Eucalyptus
grandis submetido a diferentes intensidades de desrama artificial
na região de Dionísio. MG. Brasil Florestal 2002: 21(73):14-22.
Rigueira DMG, Molinari ALM, Mariano DLS, Reis RM, Portugal
AB, Santana, NDS et al. Influência da distância da borda e do
adensamento foliar sobre a abundância de plantas pioneiras
em um fragmento de floresta tropical submontana na Estação
Ecológica de Wenceslau Guimarães (Bahia. Brasil). Acta Botanica
Brasilica 2012: 26(1):197-202. DOI: https://doi.org/10.1590/S010233062012000100019
Schneider PSP, Scheeren LW, Schneider PR, Finger CAG. Crescimento
da Cordia trichotoma (Vell.) Arrab. ExSteud.. na depressão central do
Estado do Rio Grande do Sul. Floresta e Ambiente 2012: 13(1):26-33.
DOI: https://doi.org/10.1590/S0102-33062012000100019
Seta GW, Widiyatno Hidayati F, Na’iem M. Impact of thinning
and pruning on tree growth, stress wave velocity, and pilodyn
penetration response of clonal teak (Tectona grandis)
plantation. Forest Science and Technology 2021: 17(2): 57-66.
DOI: 10.1080/21580103.2021.1911865
Sist P, Sablayrolles P, Barthelon S, Sousa-Ota L, Kibler JF, Ruschel,
A et al. The contribution of multiple use forest management to
small farmers annual incomes in the eastern amazon. Forests 2014:
5(7):1508-1531. DOI: https://doi.org/10.3390/f5071508
Silva KDA, Martins SV, Miranda A, Demolinari RDA, Lopes
AT. Restauração florestal de uma mina de bauxita: avaliação
do desenvolvimento das espécies arbóreas plantadas. Floresta e
Ambiente 2016: 23(3):309-319. DOI: https://doi.org/10.1590/21798087.142515
Stuepp CA, Wendling I, Xavier A, Zuffellato-Ribas KC. Vegetative
propagation and application of clonal forestry in Brazilian native tree
species. Pesquisa Agropecuária Brasileira. Brasília 2018: 53(09):9851002. DOI: https://doi.org/10.1590/S0100-204X2018000900002

Floresta e Ambiente 2022; 29(2): e20210100

