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Abstract

Bertholletia excelsa is a tree species economically important in
Peru, Brazil, and Bolivia. In the Amazon, seedlings production of tree
species is a bottleneck faced by many producers. Although the great
economicrelevance of B. excelsa, there are few transplantation methods
or techniques that brings more seedlings quality for the species. Thus,
the objective of this work was to assess the influence of pruning or shoot
cut and the different recipient volumes on the seedlings quality of B.
excelsa. Thirty days after germination seedlings were transplanted to
115- and 345-cm?®small plastictubes filled with standard substrate and
arranged in forest nursery under 60% shading. The experiment set up
was fully randomizedin a 2 x 2 factorial (with and without shoot cut x
115-cm3and 345-cm3 little tubes) in four treatments and four repetitions
of 10 seedlings each. ANOVA followed by the Tukey test were applied on
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the means (p <0.05). Pruning of B. excelsa seedlings when transplanted
did not influence in the seedlings’ quality, even though some variables
such as stem collar diameter and root length presented positive
responses. B. excelsa seedlings produced in 115-cm3 small tubes
presented growth restrictions while seedlings produced in 345-cm3 small
tubes had higher Dickson quality index at 165 days.

Keywords: Brazil nut, tree species, Dickson quality index, Amazon,
production in forest nursery.

INTRODUCTION

Bertholletia excelsa Humb. Bonpl. (Lecythidaceae), commonly known as
Brazil nut, is a tree species of great economic importance in the Amazon
region (ALBUQUERQUE et al., 2015; NOGUEIRA et al., 2018). The
extractive activities related to of this species in the Amazon brings
employment and incomes for thousands of workers through trade and
consume of its seeds (TONINI, 2011; SCOLES et al., 2016), which
present high commercial and nutritional values (BALDONTI et al., 2017,
WADT et al., 2018). B. excelsa is a climax species and light dependent
that presents a good growing performance in open areas
(ALBUQUERQUE et al., 2015). Trees have large size, with height of
40-60 m and diameter of 1-4 m (SANTOS et al., 2006). Besides this, the
speciesis considered social (MORI; PRANCE, 1990), since it has as an
ecological feature a tendency to grow in density clusters of individuals
know as Brazil nut lands.

Seedlings production of tree species is one of the most
important activities to the establishment of forest plantings, since the
seedlings quality has influence on the future plant development. The
need of seedling production, for forest restoration or commercial
purposes, demands know how, ability, and sensibility of nurserymen in
order to acquire techniques that meet quality and low cost. In this case,
seedlings must have features that help them to attain maximal survival
and rapid initial growth after planting (AUCA et al., 2018; SOUZA et
al., 2019). Furthermore, the substrate amount absorbed by the plant
can be limited to the recipient volume, which must have an optimal
volume to ensure seedling quality at reduced costs (REYES et al., 2014).
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Currently there are few recommendations and prescriptions about
growing Amazonian native tree species in forest nurseries, which
includes the use of alternative recipients and substrates that can
promote better growth and quality of B. excelsa seedlings. One of the
main issues on the seedlings production process of Amazonian native
species is that most of them have slow growth, especially those
classified late or climax species (FERRAZ; ENGEL, 2011).

Among the factors the influence the seedlings production
process of tree species, substrate, substrate humidity, substrate
porosity, dormancy, temperature, shading, recipient volume, irrigation,
seedlings’ quality, fertilization, and the seedlings management in the
forest nursery (CAMARGO et al., 2011; COSTA et al., 2015; MARQUES
et al., 2018). From these factors, recipients and adequate substrates are
crucial to have good seedlings growth and quality under low cost.
Although this fact, there is no cultivation system defined for B. excelsa
(AUCA et al., 2018).

Some cultivation practices can optimize seedlings production,
so that pruning immediately after transplanting can promote more
robust seedlings and adequate the balance of developmentin shoot and
root length. Regarding recipients, acquirement costs must be
considered, as well durability, easy handling, storing, transport, and
their availability in local markets. The recipient size must be chosenin
the way of promoting the highest possible volume of substrate available
for roots, however with lower weight to have easier transport to the
field (PINHO et al., 2018). In this way, to associate nutritional power
with lower volume recipients is an alternative to reduce costs during
the production phase, transport, and seedlings distribution in the field,
promoting higher efficiency in yields and planting operations (LIMA
FILHO et al., 2019).

Although the great economic relevance of B. excelsa, thereis no
transplantation methods or techniques that brings more seedlings
quality for the species. In this context, this work two scientific
questions are presented: What are the responses of B. excelsa seedlings,
in terms of quality, to pruning or shoot cut (a) and to different recipient
volumes (b)? The hipotheses raised by the authors were that there are
positive responses in quality of B. excelsa seedlings to pruning (a) and
to the variation of recipient volume (b) Therefore, the objective of this
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study was to assess the effects of pruning and recipient volume on the
quality of B. excelsa seedlings.

MATERIAL AND METHODS

Experimental design

The study was carried out in a forest nursery belonging to the Research
Institute of the Peruvian Amazon (IIAP), in Puerto Maldonado district,
Madre de Dios department, Peru (2°49'11” N, 60°40'24” W). To assess
seedlings growth and quality of Bertholletia excelsa seedlings, 40
seedlings were transplanted and arranged in four treatments with four
repetitions of 10 seedlings each (Table 1).

Table 1. Treatments used to evaluate initial growth and quality of Bertholletia
excelsa seedlings during 165 days in forest nursery, Puerto Maldonado, Peru,
2018.

Treatment #Repetitions/#Seedlings
Shoot cut + 115-cm? small tube 4/10
No shoot cut + 115-cm?® small tube 4/10
Shoot cut + 345-cm?® small tube 4/10
No shoot cut + 345-cm?® small tube 4/10

To assess initial growth, the Bertholletia excelsa seedlings were
selected 30 days after their germination and transplanted to 115- e 345-
cm?® small tubes filled with standard substrate composed by sand,
sawdust, and charred sawdust in equal proportions (1:1:1 v/v).
Seedlings were previously standardized by size and distributed
randomly in each treatment (Table 1). Once having seedlings
transplanted, the small tubes were arranged in forest nursery covered
by a mesh with 60% of shading.

Thirty days after the seedlings transplanting to the forest
nursery, the first height measure was done. From the 30th day on,
measurements were taken a 15-day frequency, totaling 10 evaluations
(30, 45, 60, 75, 90, 105, 120, 135, 150, and 165 days). A data logger was
used for the daily measurement of temperature and humidity during
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the experiment assessment. Eight measures were done per day in
intervals of 1 h between them. Means of temperature are presented in
15-day intervals in Figure 1.
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Figure 1. Mean values of temperature and relative humidity in forest nursery
with Bertholletia excelsa seedlings in 15-day intervals during 165 days of the
experiment evaluation, Puerto Maldonado, Peru, 2018.

Initial growth and seedlings’ quality indexes

The seedlings initial growth was assessed through the variables: a)
stem collar diameter, b) shoot length, ¢) root length, d) shoot dry mass,
e) root dry mass, f) total dry mass, g) shoot length/root length relation
(SL/RL), h) shoot dry mass/root dry mass relation (SDM/RDM), 1)
robustness index (RI), j) lignification index (LI), and 1) Dickson quality
index (DQI). The higher is RI, LI, and DQI, the higher will be the
seedlings quality. To measure the stem collar diameter a digital caliper
was used (precision =0.01 mm) and to measure shoot length and root
length a ruler graded in millimeters was used.

To evaluate dry mass, seedlings were split in shoot and root
through a cut at the stem collar diameter. Both parts were
accommodated separately in bags of Kraft paper, identified and dried
in an oven at 70 °C during 72 h up to reach a constant mass.
Immediately after been removed from the oven, samplings were
weighted in an analytical balance (precision = 0.001 g) to obtain shoot
and root dry mass.

SL/RLis a relation that foresees planting success, where there
must be a balance between the plant’s shoot and root systems. It is
determined by the following equation:
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Shoot length (cm)
SL/RL =
Root length (cm)

SDM/RDM indicates plant development in the forest nursery, which is

given by the equaton:
Shoot dry mass (g)

SDM/RDM = Root dry mass (g)

RI is calculated as a ratio between shoot length and the root collar

diameter, according to the equation:
Shoot length (cm)

RI= Root Collar diameter (mm)

LI does a relation between the total dry mass with the humid total
mass, giving the percentage of lignification. The index is given by the
equation:

Total dry mass (g)
= ( . ) x 100
Total umid mass (g)
DQI meets several morphological characteristics in a single value used

as a quality index. DQI is determined by the following equation:
Total dry mass (g)

DQI = Shoot length (cm) Shoot dry mass (g)

Stem collar diameter (mm) Root dry mass (g)

Optimal intervals were defined to qualify morphological variables of B.
excelsa seedlings grown in forest nursery. The intervals were divided in
low, medium, and high quality, where different measured variables and
calculated indexes about B. excelsa seedlings produced in forest nursery
were compared.

Data analysis

The experiment set up was fully randomized in a 2 x 2 factorial (with
and without shoot cut x 115-cm3 and 345-cm3 little tubes) in four
treatments and four repetitions of 10 seedlings each (Table 1). To
ensure the assumptions of variance analysis (ANOVA), the data were
firstly checked regarding to: a) normality with the Shapiro-Wilk test (p
> 0.05) and b) homocedasticity by the Bartlett test (p >0.05). Once met
these assumptions, the data were analyzed through ANOVA by the
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software R version 3.5.2. In case of significant differences, the means
were compared through the Tukey post-hoc test (p <0.05).

RESULTS

There was no interaction for the variables “small tube volume” and
“shoot cut” (p = 0.054) (Table 2). Shoot growth in height was
significantly higher for seedlings produced in 115-cm® small tubes
(28.5+3.5 ¢cm, F1,76 = 18.146, p = 0.001). Seedlings produced in 345-cm?
small tubes presented higher growth in stem collar diameter (5.6+0.8
mm, F1,76=60.579, p =0.001) and root collar diameter (5.9+ 1.0 mm, F1,
76 = 26.346, p = 0.001). Seedlings with shoot cut presented higher stem
collar diameter (5.3+0.9 cm, F1, 76= 6.983 p = 0.009) (Table 2).

Table 2: Mean (+SD) of shoot height, stem collar diameter, root collar diameter
of Bertholletia excelsa seedlings produced in 115- and 345-cm?® small tubes.

Stem collar

h hei R 11
Variable Shoot height diameter . oot collar
(cm) diameter (mm)
(mm)
Small tube 115 28.5+3.5 b 4.7+0.8 a 4.9+1.0 a
volume (cm?) 345 25.4+3.8 a 5.6+0.8 b 5.9+1.0 b
With 26.5+2.8 a 5.3+0.9 b 5.6+1.1 a
Shoot cut
No 27.4+4.2 a 4.9+0.5 a 5.3£0.9 a
CV (%) 11.96 10.86 15.59

Means followed by the same letter in the column do not differ statistically from each
other, by the Tukey post-hoc test at 5% of probability.
CV (%) = coefficient of variation.

Under shoot cut, there was interaction between “shoot length” and “root
length” of B. excelsa seedlings produced in 345-cm3 small tubes.
Seedlings presented higher root growth (14,1+2,5 cm, F1, 76 = 6.46, p =
0.013) than the other treatments (Table 3).

Table 3. Mean (+SD) of the root length (cm) of Bertholletia excelsa seedlings
produced in 115-cm3 e 345-cm?® small tubes.

Root length (cm)
Small tube volume Cut
(cm?) With Not
115 8.7+2.7 aA 8.6+2.8 aA
345 14.1£2.5 bA 13.2+2.5bB
CV (%) 6.22
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Means followed by the same letter do not differ from each other, uppercase in the line
and lowercase in the column, by the Tukey post-hoc test at 5% of probability.
CV (%) = coefficient of variation.

A significant difference was detected between treatments for shoot
length/root length relation (SI/RL) and shoot dry mass/root dry mass
relation (SDM/RDM). Seedlings produced in 115-cm?® small tubes
presented higher shoot dry mass (3.5£0.8 g, F1, 76 = 26.881), SL/RL
(3.3+0.8, F1, 76 = 312.998), and SDM/RDM (4.5+1.4, F1, 76 = 204.593) and
lower root dry mass (0.8+0.4 g, F1, 76 = 47.114) than seedlings produced
in 345-cm?® small tubes (p = 0.001). Seedlings with no shoot cut had
higher SL/RL (2.7+0.9, F1, 76 = 6.041, p = 0.016) than plants with shoot
cut (2.5+£0.7) (Table 4).

Tabela 4. Means (+SD) of the shoot dry mass, root dry mass, relation
height/root length (RH/RL), and relation shoot dry mass/root dry mass

(SDM/RDM) of B. excelsa seedlings produced in 115- e 345-cm? little tubes.
Shoot dry Root dry Total dry

Variable RH/RL SDM/RDM
mass (g) mass (g) mass (g)
Small tube 115 3.5+0.8 b 0.8+0.4 a 4.3+£0.9 a 3.3+0.8b 4.5+14D
volume (cm®) 345 2.6+09 a 1.3+0.4 b 3.9+1.1a 1.9+0.8 a 21+14 a
Cut With 3.1+0.9 a 1.1+0.4 a 4.1+1.0 a 2.5+0.7 a 3.2+14 a
No 3.1£0.9 a 1.1+04 a 4.1+1.1a 2.7+09b 3.3x1.5a
CV (%) 25.32 31.57 24.59 14.13 22.70

Means followed by the same letter in the column do not differ statistically from each
other, by the Tukey post-hoc test at 5% of probability.
CV (%) = coefficient of variation.

Seedlings produced in 115-cm? small tubes had higher robustness index
(RI) (5.87+1.2, F1, 76 = 38.881, p = 0.001) than plants produced in 345-
cm?® small tubes (4.37+1.2, p = 0.001). Differences were also found in the
lignification index (LI) (0.42+0.05, F1, 76 = 49.149) and in the Dickson
quality index (DQI) (0.61+0.19, Fi, 76 = 37.818), where seedlings
produced in 345-cm?® small tubes had the highest means (Table 5).
There was no influence of the variable “shoot cut” for the RI (p =0.116),
LI (p = 0.225) and DQI (p = 0.222).
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Tabela 5. Mean (£SD) of the quality indexs of Bertholletia excelsa seedlings
produced in 115- e 345-cm?® small tubes.

Variable Rol?ustness Lig1.1ification Dicks.on quality
index index index
Small tube 115 5.87+1.2b 0.36+0.05 a 0.41+0.16 a
volume (cm?) 345 4.37t1.2a 0.42+0.05 Db 0.61+0.19b
With 4.95+1.2 a 0.49+0.05 a 0.53+0.19 a
Cut No 5.29+1.2 a 0.39+0.05 a 0.49+0.16 a
CV (%) 18.65 10.35 28.24

Means followed by the same letter in the column do not differ statistically from each
other, by the Tukey post-hoc test at 5% of probability.
CV (%) = coefficient of variation.

The optimal intervals defined to qualify the morphological variables of
B. excelsa seedlings in forest nursery are presented in Table 6. In
relation the seedlings quality, those produced in 345-cm?® small tubes
reached the best values.

Table 6. Mean values of morphological characteristics to evaluate quality of
Bertholletia excelsa seedlings.

Qualidade e intervalo

Variavel

Alta Média Baixa
Shoot length (cm) 25.0-35.0 15.0-24.9 <15.0
Stem collar diameter (mm) >5.0 3.5-4.9 <3.5
Relation shoot length/root length <2.0 2.1-2.5 >2.5
Relation shoot dry mass/root dry mass 1.5-2.0 2.1-2.5 >2.5
Lignification index >0.5 0.35-0.49 <0.35
Robustness index <50 5.1-7.0 >17.0
Dickson quality index >0.5 0.49-0.30 <0.30

DISCUSSION

Pruning, or shoot cut, of Bertholletia excelsa seedlings when
transplanted did not influence seedlings’ quality, even though some
variables such as stem collar diameter and root length had responded
to pruning (Tables 2 and 3, respectively). This result showed the
rejection of out hipothesis. Shoot pruning consistsin in eliminating part
of the seedlings terminal bud, altering the seedlings growth rate, which
can be good for the seedling development. However, pruning depends
on the tolerance level of each tree species.

Pruning at the moment of seedlings transplanting to the
recipients can benefit as more robustness, and good development

EUROPEANACADEMIC RESEARCH -Vol. IX, Issue 2 / May 2021
1206



Luiz Fernandes Silva Dionisio, Gustavo Schwartz, Maria Juliana S4 de Almeida, Tibison
da Silva Rocha, Ronald Corvera— Effects of pruning and recipient volume on
seedlings’ quality of Bertholletia Excelsa bonpl. (Lecythidaceae)

balance between shoot and root. Precocity and uniformity are
important features for seedlings production, once the more time
seedlings remain in the forest nursery the higher will be production
cost. Financial cost is a relevant variable for seedlings production,
which drives foresters to look for newtechnologies to improve the ways
how to produce seedlings in forest nurseries (RIBEIRO et al., 2018).
Besides this, environmental factors and silvicultural techniques
employed are crucial to reduce cost and time to establish a tree planting
(LIMA FILHO et al., 2019).

The root growth of B. excelsa seedlings had effects of the
recipient size. Plants produced in 345 cm? small tubes presented higher
development of their root system. This variable influences on the for
shoot length/root length relation (SI/RL) and on the shoot dry
mass/root dry mass relation (SDM/RDM) (Table 4). SDM/RDM
indicates the biomass distribution between shoot and root systems
(SIQUEIRA et al., 2018). Thus, it is important that the recipient favors
both the shoot and root growth in order to avoid unbalance in growth
between these two plant’s parts. Low values of SDM/RDM indicate that
seedlings have similar distribution patterns of dry matter among
organs (MARANA et al., 2015). The balanced distribution between
shoot dry mass and root dry mass makes possible an adequate seedling
development, decreasing risks of plant fall in the field. Such values
showed better SDM/RDM of seedlings produced in 345-cm?® small tubes.
The substrate temperature is influenced by the small tube volume,
which is a variable space and time dependent. It has an essential role
in the physical processes and in the energy exchanges with atmosphere,
so this interferes on the growth of buds and roots and in the water and
nutrients absorption (CAVALCANTI et al., 2019). Moreover, the
substrate temperature determines evaporation and earation, as well as
the speed of chemical reactions involved in the seedling development
(NASCIMENTO et al., 2016). For the production of quality seedlings it
is necessary the use of proper recipients, which includes volume the
volume of substrate available for the seedling. The recipient size must
be chosen taking into account a balance between the highest possible
volume of substrate for roots and the lowest weight to make seedlings
transport tot the field easier (PINHO et al., 2018).
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Seedlings’ quality indexes

The concept of seedlings’ quality is based mainly on the morphological
fisiological features of the individual that determine survivorship and
initial growth in function of the environment where the seedling will be
eventually planted. Regarding the small tube volume, significant
differences were found for the lignification index (LI), and for the
robustness index (RI) and DQI. RI is a relation between seedling’s
height and the root collar diameter, so the lower its value more robust
is the plant. Seedlings produced in 345-cm?® small tubes presented lower
RI and consequently better quality. This finding comes to corroborate
the initial authors’ hipothesys. RI is an non-destructive evaluation
method that considers the balance between the plant’s growth and its
quality. Hence, this is an indicator of the seedling resistance to
desiccation by Wind and potential growth in dry sites (REYES et al.,
2014).

Seedlings produced in 345-cm? small tubes presented higher LI
This index is the ratio between total dry mass and total humid mass
that results in a percentage of lignification. Moreover, LI is related to
the lignification of the aerial and root tissues of wood species seedlings
under stress. As much higher is LI as much higher are lignified the
plant tissues. The physical stimulus applied as stem flexions triggers
morphometric responses in the plants normally associated to a higher
lignification, height reduction increase in stem collar diameter, and in
the root dry mass. The response to the mechanical stimulus is called
thigmomorphogenesis. During the seedlings rustification phase, the
thigmomorphogenesis is desirable, which gives higher survivorship
chances in the field (DRANSKI et al., 2015).

DQI, as well as LI and RI, is considered as an indicator of
seedlings quality. In this index are taken into account the seedlings
vigor and the distribution balance of its biomass (LIMA FILHO et al.,
2019). DQI is the main indicator of the quality standards of seedlings,
since in its composition there are robustness and balance of biomass
distributionin the seedling, meeting variables of growth and biometric
relations (DICKSON, 1960; SIQUEIRA et al., 2018).

The seedling stage is the most vulnerable time of a plant’s life
cycle. In natural conditions, the seedling establishment and further
reproductive success stopped are threatened due to several factors such
as premature germination, seeds in so deep places, germination in sites
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under high competitive pressure for survivorship and reproduction.
Thus, seeds must have efficient mechanisms to detect changes in the
environmental conditions in order to attain new developmental stages
(BATLLA and BENECH-ARNOLD, 2014).

RECOMMENDATIONS

The seedlings quality was not affected by shoot cut (pruning). On the
other hand, the recipient volume had effects on the seedlings quality.
Hence, we recommend the use of 345-cm?® small tubes for the B. excelsa
seedlings production. The use of little tubes for the production of B.
excelsa seedlings has not been reported in literature. However, we
recommend the use of this kind of recipient, since the 345-cm?® small
tube did not cause roots folding and promoted good seedlings
development.

An important feature of B. excelsa seedlings is their rusticity
once managed in forest nursery. Even presenting high rusticity, it is
essential a minimum infrastructure in conditions to protect seedlings
against attacks of rodents and ants. The use of small tubes for seedlings
production in forest nurseries can improve several steps of the process
as cheaper transport of seedlings to the field and easier handling and
better ergonomic conditions for forest workers.

Regarding the seedlings quality for the field (Table 6), we
suggest intervals that, if correctly adopted, can ensure B. excelsa
seedlings with quality and good development in the field. Based on
values of the last measurement (165 days), only seedlings produced in
345-cm?® small tubes presented the ideal characteristics for the field
(Table 6). One of the main issues found in forest nurseries of native tree
species is the fact that seedlings must remain there up to reach the
ideal conditions for planting. This may provoke problems for the root
system, as a reduction in its physiological activity, deformations, and
root necrosis, due to the lack of space and nutrients in smaller
recipients (LOPES et al., 2014). Therefore, based on the data of the last
measurement on height and stem collar diameter and on the indexes
SDM/RDM and DQI (Table 2), B. excelsa seedlings produced in 345-cm?
small tubes were significantly better than seedlings producedin 115-
cm?® small tubes. In this way, this technology becomes more
recommended for production of B. excelsa seedlings, when the objective
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is to obtain seedlings with higher quality in shorter time for planting
in the field.

CONCLUSIONS

Bertholletia excelsa seedlings had no effects of pruning or shoot cut on
their development and quality.

Bertholletia excelsa seedlings produced in 115-cm3 small tubes
had restrictions on root growth, which resulted in lower shoot
length/root length relation and shoot dry mass/root dry mass relation.

Bertholletia excelsa seedlings produced in 345-cm3 small tubes
presented higher Dickson quality index

REFERENCES

1. ALBUQUERQUE, T. C. S.; EVANGELISTA, T. C.; ALBUQUERQUE NETO,
A. A. R. Niveis de sombreamento no crescimento de mudas de castanheira do
Brasil. Revista Agro@mbiente On-line, v. 9, n. 4, p. 440-445, 2015.

2. AUCA, E. C; DIONISIO, L. F. S; LOZANO, R. M. B; SCHWARTZ, G.
Propagation of Brazil nut (Humb. y Bonpl) seedlings using seeds in mini-
greenhouses. Revista Agro@mbiente On-line, v. 12, n. 4, p. 300-313, 2018.

3.  BALDONI, A. B.; WADT, L. H. O.; CAMPOS, T.; SILVA, V. S.; AZEVEDO, V.
C. R.; MATA, L. R.; BOTIN, A. A.,; MENDES, N. O.; TARDIN, F. D.; TONINTI,
H.; HOOGERHEIDE, E. S. S.; SEBBENN, A. M. Contemporary pollen and seed
dispersal in natural populations of Bertholletia excelsa (Bonpl.). Genetics and
Molecular Research, v. 16, n. 3, p. gmr16039756, 2017.

4. BATLLA, D.; BENECH-ARNOLD, R. L. Weed seed germination and the light
environment: Implications for weed management. Weed Biology and
Management, Kyoto, v. 14, n. 2, p. 77-87, 2014.

5. CAMARGO, R.; PIRES, S. C.; MALDONADO, A. C.; CARVALHO, H. P;
COSTA, T. R. Avaliacdo de substratos para a produgido de mudas de pinhéo-
manso em sacolas plasticas. Revista Tropica - Ciéncias Agrarias e
Biolégicas, 5 (1): 31-38, 2011.

6. CAVALCANTI, S.D. L.; GOMES, N. F.; PANDORFI, H.; ALMEIDA, G. L. P.;
MONTENEGRO, A. A. A Variacdo espago-temporal da temperatura do
substrato em bandejas de produgdo de mudas. Revista de Agricultura
Neotropical, Cassilandia, v. 6, n. 1, p. 66-73, 2019.

7. COSTA, E.; DIAS, J. G.; LOPES, K. G.; SILVA, B. F. F. S;; CARDOSO E. D.
Telas de sombreamento e substratos na producdo de mudas de Dipteryx alata
Vog. Floresta e Ambiente, v. 22, n. 3, p. 416-425, 2015.

EUROPEANACADEMIC RESEARCH -Vol. IX, Issue 2 / May 2021
1210



Luiz Fernandes Silva Dionisio, Gustavo Schwartz, Maria Juliana S4 de Almeida, Tibison
da Silva Rocha, Ronald Corvera— Effects of pruning and recipient volume on

seedlings’ quality of Bertholletia Excelsa bonpl. (Lecythidaceae)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

DICKSON, A.; LEAF, A. L.; HOSNER, I. E. Quality appraisal of white spruce
and white in seedlings stock in nurseries. Forest Chronicle, Mattawa, v. 36,
n. 1, p. 10-13, 1960.

DRANSKI, J. A. L.; MALAVASI, U. C.; MALAVASI, M. M. Relationship
between lignin content and quality of Pinus taeda seedlings. Revista Arvore,
Vigosa, v. 39, n. 5, p. 905-913, 2015.

FERRAZ, A. V.; ENGEL, V. L. Efeito do tamanho de tubetes na qualidade de
mudas de jatoba (Hymenaea courbaril L. var. stilbocarpa (Hayne) Lee et Lang.),
Ipé-amarelo (Tabebuia chrysotricha (Mart. ex DC.) Sandl.) e Guarucaia
(Parapiptadenia rigida (Benth.) Brenan). Revista Arvore, v. 35, p. 413-423,
2011.

LIMA FILHO, P.; LELES, P. S. S.; ABREU, A. H.M.; SILVA, E. V.; FONSECA,
A. C. Produgdo de mudas de Ceiba speciosa em diferentes volumes de tubetes
utilizando o biossélido como substrato. Ciéncia Florestal, Santa Maria, v. 29,
n. 1, p. 27-39, 2019.

MARANA, J. P.; MIGLIORANZA, E.; FONSECA, P. E. Qualidade de mudas de
jaracatia submetidas a diferentes periodos de sombreamento em viveiro.
Revista Arvore, Vigosa, v. 39, n. 2, p. 275-282, 2015.

MARQUES, A. R. F.; OLIVEIRA, V. S.; BOLIGON, A. A; VESTENA, S.
Producdo e qualidade de mudas de Psidium cattleianum var. cattleianum
Sabine (Myrtaceae) em diferentes substratos. Acta Biolégica Catarinense,
Jan-Mar;5(1):5-13, 2018.

MORI, S. A.; PRANCE, G. T. Taxonomy, ecology, and economy botany of the
Brazil nut (Bertholletia excelsa Humb. and Bonpl.: Lecythidaceae). Advances
in Economic Botany, v. 8, p. 130-150, 1990.

NASCIMENTO, M.; ANDRADE, K. P.; FREITAS, R. A.; SILVA, G. O;
BOITEUX, L. S. Germinagdo de sementes de tomateiro em diferentes
temperaturas: Variabilidade fenotipica e heterose. Horticultura Brasileira,
Brasilia, v. 34, n. 2, p. 216-222, 2016.

NOGUEIRA, 1. M. S.; LAHR, F. A. R.; GIACON, V. M. Desenvolvimento e
caracterizagdo de painéis de particulas aglomeradas utilizando o residuo do
ourico da Castanha-do-Brasil (Bertholletia excelsa) e resina poliuretana
derivada do éleo da mamona. Revista Matéria, v.23, n.1, p. e-11985, 2018.
PINHO, E. K. C.; LOPES, A. N. K.; COSTA, A. C.; SILVA, A. B. V,; VILAR, F.
C. M.; REIS, R. D. G. E. Substratos e tamanhos de recipiente na produgio de
mudas de baruzeiro (Dipteryx alata Vog.). Revista Ciéncia Agricola, v. 16, n.
1, p. 11-19, 2018.

REYES, J. T. S; FLORES, H. J. M.; PEREZ, D. C. M. A;; SANCHEZ, A. R;
RAMOS, J. H. Calidad de planta de tres especies de pino en el vivero “Morelia”,
estado de Michoacdn. Revista Mexicana de Ciencias Forestales, v. 5, n. 26,
p. 98-111, 2014.

RIBEIRO, R. R.; BRUN, F. G. K; BRUN, E. J.; MEZZALIRA, C. C;
FRIGOTTO, T.; NAVROSKI, M. C.; SOUZA, M. A. M. Desenvolvimento e
nutricdo de mudas de acacia-negra (Acacia mearnsii de Wild. De Wild.) em
substratos a base de cama de avidrio. Revista de Ciéncias
Agroveterinarias, Lages, v. 17, n. 1, p. 36-44, 2018.

EUROPEANACADEMIC RESEARCH -Vol. IX, Issue 2 / May 2021

1211



Luiz Fernandes Silva Dionisio, Gustavo Schwartz, Maria Juliana S4 de Almeida, Tibison
da Silva Rocha, Ronald Corvera— Effects of pruning and recipient volume on

seedlings’ quality of Bertholletia Excelsa bonpl. (Lecythidaceae)

20.

21.

22.

23.

24.

25.

SANTOS, J. U. M.; BASTOS, M. N. C.; GURGEL, E. S. C.; CARVALHO, A.C.
M. Bertholletia excelsa Humboldt & Bonpland (Lecythidaceae): aspectos
morfolégicos do fruto, da semente e da plantula. Boletim do Museu Paraense
Emilio Goeldi. Ciéncias Naturais, v. 1, n. 2, p. 103-112, 2006.

SCOLES, R; CANTO, M. S; ALMEIDA, R. G; VIEIRA, D. P. Sobrevivéncia e
frutificagdo de Bertholletia excelsa Bonpl. em areas desmatadas em Oriximind,
Para. Floresta e Ambiente. ISSN 2179-8087, 2016.

SIQUEIRA, D. P.; CARVALHO, G. C. M. W.; BARROSO, D. G.; MARCIANO,
C. R. Lodo de esgoto tratado na composi¢do de substrato para producido de
mudas de Lafoensia glyptocarpa. Floresta, Curitiba, v. 48, n. 2, p. 277-284,
2018.

SOUZA, J. C.; PEDROZO, C.; PEDROZO, C. A; SILVA, K. D.; OLIVEIRA, V.
X. A.; ALENCAR, A. D. S. Ambientes para a producdo de mudas e nodulagdo
por rizébios em Tachigali vulgaris. Ciéncia Florestal, Santa Maria, v. 29, n.
1, p. 116-129, 2019.

TONINI, H. Fenologia da castanheira-do-brasil (Bertholletia excelsa Humb. &
Bonpl., Lecythidaceae no sul do estado de Roraima. Cerne, v. 17, n. 1, p. 123-
131, 2011.

WADT, L. H. O.; FAUSTINO, C. L.; STAUDHAMMER, C. L.; KAINER, K. A;
EVANGELISTA, J. S. Primary and secondary dispersal of Bertholletia excelsa:
Implications for sustainable harvests. Forest Ecology and Management,
Amsterdam, v. 415, p. 98-105, 2018.

EUROPEANACADEMIC RESEARCH -Vol. IX, Issue 2 / May 2021

1212



