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ARTICLE INFO ABSTRACT

Understanding genetic diversity is the basis of the evolutionary process of any species, as there are mechanisms
that increase or reduce genetic variation. Brazil nut (Bertholletia excelsa Bonpl.) occurs in the Amazon region, and
is included in the list of endangered species, justifying the importance of this study for the species. This study
hypothesized that genetic diversity among individuals collected at different locations in the Amazon (between
groups) is greater than genetic diversity between individuals from the same location (within groups). We aimed
to study the genetic diversity of four populations of B. excelsa, located in native forests in the Amazon region of
the state of Mato Grosso. DNAs were collected from 50 adult trees at each four sites, which were evaluated by
seven microsatellite molecular markers (loci Bex06, Bet15, Bet14, Bex09 and Betl16). Genetic diversity of four
Brazil nut tree populations collected in the Amazon region were assessed by microsatellite molecular markers.
Brazil nut tree revealed to have greater genetic diversity between population than within in individuals in each
population, suggesting that seed collection considering a larger number of matrices between a population than
within populations is a more effective strategy. The most genetically distant populations were Itatiba and Juina,
and Itaiba and Cotriguacu, showing a relationship with geographical distance and also with differences found in
fruit and seed characteristics already reported in other studies evaluating such populations. The findings of this
study contribute to the establishment of the species breeding strategies that, in turn, ensure the maintenance and
preservation of the genetic diversity of Brazil nut tree in southern Brazilian Amazon.
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2017; Pereira et al., 2019). Brazil, Peru and Bolivia are the leader
producing and exporting countries in the world of this non-timber

1. Introduction

Bertholletia excelsa Bonpl., popularly known as Brazil nut, occurs
throughout the Amazon region, including Brazil, Bolivia, Peru,
Colombia, Venzuela and Guyana. In Brazil, it occurs in the states of
Rondoénia, Acre, Amazonas, Pard, Roraima and northern Mato Grosso
(Lorenzi, 2000; Shepard and Ramirez, 2011; Silva Junior et al., 2017).
The species plays an important social role, providing food and income
for local communities, including indigenous peoples, through the
commercialization of their peeled and in natura seeds (Machado et al.,
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forest products (Wadt et al., 2018; Batista et al., 2019)

The species is considered a light demanding climax, since its natural
regeneration and initial growth in the forest are dependent on moderate
levels of irradiance, such as observed in clearings, usually surrounded
by canopies with varied heights (Swaine and Whitmore, 1988; Mori and
Prance, 1990; Myers et al., 2000; Moll-Rocek et al., 2014; Souza et al.,
2017).

In the forest, B. excelsa tends to form densities, interspersed with
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areas of low density of individuals (Pereira et al., 2019). There is strong
evidence of the relationship between Brazil nut dispersal in the Brazi-
lian Amazon and anthropic action (Wadt et al., 2018). According to
some studies, these densities are associated with anthropogenic pre-
Columbian land-use activities (Levisk et al., 2017; Maezumi et al.,
2018), as well as indigenous influence, without ruling out other eco-
logical factors such as dispersion by agouti and other animals (Shepard
Jr and Ramirez, 2011; Andrade et al., 2019).

Human exploitation of tropical forests has reduced the diversity of
tree species, especially Brazil nut tree, which is on the list of en-
dangered species (MMA, 2014). The effects of fragmentation on the
Brazil nut population are diverse, being the most common the loss of
genetic variability and subsequent inbreeding in small populations,
since the reduction of the number of individuals in fragmented habitats
leads to the crossing between related individuals and/or self-fertiliza-
tion (Wadt et al., 2018). The study of genetic structure of a population
is crucial for the accomplishment of species conservation programs.

The evaluation of population genetic structure and levels of genetic
diversity are usefull to understand the effects of environmental frag-
mentation and its influence on population dynamics, helping to guide
forest management and plant breeding programs (Erickson et al., 2004;
Azevedo et al., 2007; Piotti et al., 2013; Leite et al., 2014). The study
makes it possible to suggest strategies for the preservation of genetic
diversity and environmental conservation of several plant species of
economic, biotechnological and environmental interest. However, few
studies have addressed the population genetic structure of B. excelsa in
Amazon rainforest (Sujii et al., 2015).

It is of fundamental importance to integrate genetic information and
autoecology in an attempt to define effective conservation strategies in
order to ensure the long-term survival of species and populations
(Clarke and Young, 2000; Thrall et al., 2000; Bittencourt et al., 2019).
This study hypothesized that genetic diversity among individuals col-
lected at different locations in the Amazon (between groups) is greater
than genetic diversity between individuals from the same location
(within groups). In this context, the present study aimed to evaluate the
genetic diversity of four populations of B. excelsa in native forest areas,
aiming at understanding the genetic variability distribution of the
species in the state of Mato Grosso, Brazil.

2. Material and methods
2.1. Study area

The study was carried out at native forest area in four municipalities
(sites): Itatiba, Alta Floresta, Juina and Cotriguacu, located in the
northern region of the State of Mato Grosso, area of occurrence of the
species (Fig. 1). The study area in Itatiba is located in a transition region
between submontane semideciduous seasonal forest and submontane
dense ombrophilous forest, according to Borges et al. (2014). The other
studied areas occur in submontane open ombrophilous forest. The cli-
mate of the sites is Am type tropical humid or sub-humid, with annual
rainfall ranging from 2500 to 3100 mm (Alvares et al., 2013).

In the municipality of Itatba, the study area is located at the geo-
graphic coordinates 11°05’59” S and 55°01’58” W; in Alta Floresta, at
the coordinates 09°56’12” S and 56°20’22” W; in Cotriguacu, at the
coordinates 09°48’57” S and 58°17/24”; and in Juina at 11°36’22” S and
58°36”33” W.

2.2. Sampling

In each study area, 50 adult trees (DAP > 50 cm) of B. excelsa were
identified and georeferenced, distanced approximately 80 m from each
other. The diameter at breast height (DBH) was measured (Itatiba po-
pulation with average DBH of 99.53 cm, 50 < DBH = 238 cm;
Cotriguagu with average DBH of 142.06 cm, 53 < DBH = 214 cm; Alta
Floresta with average DBH of 138.88 cm, 68 < DBH = 230 cm; and
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Juina  population with average DBH of 106.42 cm,
50 < DBH = 156 cm) and collected a sample of tissue of vascular
cambium disk was extracted from each tree for DNA extraction. The
vascular exchange was immediately placed in transport buffer
(1.14 mM ascorbic acid, 2% CTAB, 1% PVP, 0.2% p-Mercaptoethanol
and absolute ethanol), according to Giustina et al. (2018), and stored at
a temperature of approximately 4 °C.

2.3. Microsatellite analysis

Genomic DNA was extracted from the vascular exchange tissue,
according to Giustina et al. (2018). An automatic tissue disruptor was
used and DNA was quantified by 1% agarose gel electrophoresis, and
stained with ethidium bromide at a concentration of 0.6 ng/uL. The
DNA quantification was performed in small volume spectrophotometer
(NanoDrop 2000 system, Thermo Scientific) and the DNA samples were
diluted to a concentration of 3 ng/uL. The DNA samples were geno-
typed with seven microsatellite markers, developed for Brazil nut (Reis
et al., 2009; Sujii et al., 2013), according to Table 1.

PCR (Polymerase Chain Reaction) analysis used 3 ng de DNA, 1x Taq
polymerase buffer (10x,10 mM Tris-HCI, pH 8.3, 50 mM KCl); 0.25 mM
dNTPs; 0.25 mg/ml BSA; 1U of Taq DNA polymerase, 0.23 mM of each
primer and ultra-pure water, in a final volume of 13 pl. The analyses
were carried out in the Laboratory of Genetics of Embrapa Genetic
Resources and Biotechnology (Cenargen). The forward primers were
labeled with fluorescent dyes and the PCR was performed on Veriti
thermocycler (Applied Biosystems). A multiplexing step with two loci
was assembled to perform genotyping. For each multiplex, 1 ul of each
reaction was added to 9 pl of Hidi and 1 pl of ROX internal marker. This
mixture was denatured for 5 min at 95 °C and taken to an automatic
analyzer ABI 3730 (Applied Biosystems).

Data were interpreted using GeneMapper software. The allelic size
rounding was conducted by AlleloBin software (Prasanth et al., 1997).
The amplified products were diluted and separated through electro-
phoresis in 5% polyacrylamide gels in an automatic DNA sequencer ABI
Prism 377 XL, following the manufacturer’s instructions (Applied Bio-
systems Inc.). Molecular weight standards ROX and TAMRA (Applied
Biosystems Inc.) were used to estimate the size of alleles. Genetic data
were collected and analyzed using Genescan and Genotyper programs
(Applied Biosystems Inc.).

2.4. Statistical analysis

A data sheet with information regarding the presence and absence
of bands, characteristics of each initiator for each individual, was
constructed. Then, these data were used to construct a genetic simi-
larity matrix where the Jaccard similarity coefficient, estimated ac-
cording to Eq. (1):

A

be= 3550 &)

where: A is presence of the same band in both individuals; B is presence
of band in individual 1 and absence in individual 2; and C absence of
band in individual 1 and presence in individual 2.

The results from the microsatellite data were used to perform the
analysis of molecular variance (AMOVA) for each locus, according to
the statistical model, as shown in Eq. (2):

Xje =1 + P+ I/Pj + Gy )

where: Xj; is the variable that identifies the presence of a given A
allele in the genotype of the j-th individual of the i-th population; u is
the average frequency of the allele A;in the studied populations; P, is
the effect of the i-th population (i = 1, 2, ..., 4) with Pi ~ (0, aj); I/Pyis
the effect of the j-th individual within the i-th population (j = 1, 2, ...,
50) with I/P; ~ (0, a?); Gijk is the effect of the presence or absence of the
k-th allele (k = 1, 2) with G ~ (0, o'gz).
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Fig. 1. Map indicating the geographical location of the sites evaluated.

Table 1

Characterization of seven microsatellite loci (Single Sequence Repeats — SSRs) developed for Bertholletia excelsa assessed in four populations; loci identified as “Bet”
were developed by Sujii et al. (2013), and loci identified as “Bex” were developed by Reis et al. (2009).

Locus GenBank Repeat motif Primer pair sequence (5’-3") Allele range (bp)

Betl2 JX964795 (TO)11 F: ATAAGGACCGCCCATCATC 111-119
R:ATAGCGAGAGCAACCTTTGAAC

Bet14 JX964796 (AG);5 F: GTGTACTTCTCTGGTTGGGGC 97-129
R:CCCGAGTTCATTACCCAAACT

Betl5 JX964797 (GA)19(AGA);3 F:ACTGCCATCACCAGCATGTAG 186-256
R:GTCCCTTGTGGTCTCTCACAAT

Betl6 JX964798 (AG)o F:TCTTCAAACACTCAAAGGGACA 124-136
R:TGTCTATAAATAGGGGCCTCCC

Bex02 EU789625 (CT)g(CA)o F: GCCATGTTCTCTACAGTCTC 108-118

(CT)s(CA)2 R: AGTCGGACATCCTTCGTGCT

Bex06 EU789627 (CT),7(CCCT)3 F: TTGATCTTCGCAAGGTCGGT 202-246
R: ACTTCCTCAATCCATCGAGT

Bex09 EU789628 (CT)32 F: TATTCCATGGTCCTCCGT 98-138
R: AGTCAATCATCTTCAAGAGT

Table 2 differentiation (Ggr); and estimate of gene flow from Gsp (Nm), esti-

Characteristics of the seven microsatellite loci (Single Sequence Repeats - SSRs)
evaluated in four Brazil nut tree populations.

Locus N°. of N°. of N°. of H Fis Fsr
genotypes alleles heterozygotes

Betl2 182 5 131 0.72 -0.44 0.12
Betl4 167 9 114 0.68 -217 0.27
Bet15 132 9 66 0.50 -0.86 0.32
Betl6 169 4 135 0.80 -1.12 0.22
Bex02 173 4 55 0.32 -0.17 0.15
Bex06 163 8 77 0.47 -1.63 0.60
Bex09 179 9 115 0.64 -1.36 0.24
Average 6.86 99 0.59 -1.11 0.27

H: mean heterozigozity (Weir, 1996); Fis: fixation index, Fsy: genetic differ-
entiation value.

Based on genotyping data we estimated the number of alleles per
locus, number of heterozygotes, mean heterozygosity (H) (Weir, 1996),
percentage of polymorphic loci (PL), effective number of alleles (Ne),
and polymorphic information content (PIC). To determine the mole-
cular genetic structure within and between populations, the following
parameters were estimated: fixation index (Fis) and population differ-
entiation (Fst) (Weir and Cockerham, 1984); total gene diversity (Hr)
and gene diversity within groups (Hg); coefficient of gene

mated by the Eq. (3).

_ 0501 — Gsr)
Gsr 3)

Nm

To estimate the genetic divergence between populations, Nei’s ge-
netic distances (D) (Nei, 1978) were estimated by Eq. (4).

D= _ln[Gi)fY]
JGx x Gy “4)

where Gx, Gy, and Gyy are the means of ), p?, >’ q* and Y, p,g; over all
loci in the genome, respectively. Let p, and g; be the frequencies of the
ith allele in populations X and Y, respectively

Subsequently, a cluster dendrogram based on these distances was
constructed by using unweighted pair group method using arithmetic
averages (UPGMA). All analyses were performed with Genes software
(Cruz, 2013).

3. Results

3.1. Genetic diversity in genomic SSRs

Allelic variation ranged from 4 to 9 alleles (Table 2). The number of
heterozygotes ranged from 87 for Bex02 to 215 for Bet16, obtaining a
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Table 3

Means squares from analysis of molecular variance (AMOVA) of Brazil nut trees divided into four populations.
Source of variation Degrees of freedom Mean squares Percentage of variation (%) P-value
Between populations 3 138.32* 95.56 < 0.01
Between individuals within populations 197 3.91™ 2.68
Within populations 200 4.05 1.76

ns

e *: not significant and significant (p < 0.05), respectively.

mean of 158.29. Likewise, there was wide variation for heterozygosity
(H), ranging from 0.32 for locus Bex02 to 0.80 for locus Bet16, with a
mean of 0.59. Fixation index (Fys), which is the measure of heterozygote
deficit, was negative for all locus, indicating an excess of heterozygotes.
The genetic differentiation values (Fst) were higher for most loci, with
a mean of 0.27. The Fgr values were higher for the loci Bex06, Betl5,
Bet14, Bex09 and Bet16 (0.60, 0.32, 0.27, 0.24 and 0.22, respectively),
indicates that these loci can be useful for discriminating Brazil nut
populations from different geographic regions.

The analysis of molecular variance (AMOVA) allows the study of
genetic variation within and between populations. Table 3 presents the
means squares from AMOVA for the studied populations. It is possible
to verify that there was greater genetic variation between populations
(95.56%) than within populations (2.68%).

3.2. Genetic differentiation among populations

Table 4 shows the genetic diversity among the four populations. The
effective number of alleles showed low variation among populations,
ranging from 4.71 for Juina to 5.43 for Itatiba. All loci showed 100%
polymorphism. Mean heterozygosity (H) is considered high for all po-
pulations. The total gene diversity (Hr = 5.60) was higher than the
gene diversity within groups (Hs = 4.31). The relative magnitude of
subpopulation differentiation is measured by the coefficient of relative
diversity between populations. (Gsy). Based on this measure, it is pos-
sible to observe a high differentiation between the populations eval-
uated (18.39). The estimate of gene flow (Nm) also corroborates the
high differentiation among population, since its negative value (—0.47)
indicating the absence of gene motion from one population to another.

Nei’s genetic distances also corroborate the existence of a high
differentiation between the populations studied. Cluster dendrogram
built based on Nei’s genetic distances (Fig. 2) shows the differentiation
of the populations into four groups, confirming the hypothesis that the
formation of four distinct populations occurred according to the geo-
graphical location of the individuals. The most distinct populations are
Itadba and Cotriguacu, with distance value of 0.76, followed closely by
Itatiba e Juina, which showed distance value of 0.75. The genetically
closest populations are Cotriguacu and Juina, whose distance value was
0.44.

Table 4

Genetic diversity among the four Brazil nut tree populations.
Population Ne PL PIC H Fis
Itatiba 5.43 100.0 0.47 0.53 —0.34
Cotriguacu 6.14 100.0 0.66 0.71 —-0.24
Juina 4.71 100.0 0.56 0.63 —0.46
Alta Floresta 5.29 100.0 0.55 0.59 —0.20

Hr Hs Ggr Nm

Average 5.60 4.31 18.39 —0.47

Ne: effective number of alleles; PL: percentage of polymorphic loci; PIC: poly-
morphic information content H: mean heterozygosity; Fis: fixation index;
Gst = coefficient of gene differentiation; Nm = estimate of gene flow from Ggr.

4. Discussion

The allelic variation found for the loci (4-9 alleles), with 6.86 alleles
on average, as well as the effective number of alleles (Ne) verified for
the populations reveal the presence of an allelic richness in the eval-
uated populations. Allelic richness in Brazil nut populations is im-
portant for the conservation of the species, as it ensures greater di-
versity with few plants that have the greatest possible number of alleles
(Rojas et al., 2011). Similar to our findings, Sujii et al. (2015), when
studying the genetic diversity structure of five B. excelsa populations,
they found a range from 3.36 to 6.18 alleles per locus, on average.

The high average heterozygosity and negative Fis values reveal the
predominance of heterozygotes and the low inbreeding rate within
populations. The Fgr value is a differentiation parameter used to mea-
sure the effects of population subdivisions and the subpopulation het-
erozygosity reduction caused by genetic drift (Cabral et al., 2017). The
Fs7 values higher than 0.5 reveals high genetic differentiation, while
values lower than 0.05 indicate little genetic differentiation. Therefore,
Fsp values obtained here indicates moderate genetic differentiation
within populations, thus corroborating with AMOVA results. These re-
sults suggest a conservation strategy that includes as many populations
as possible, since there is an important genetic differentiation among
Brazil nut populations. This strategy would allow the maximum pre-
servation possible of genetic diversity to maintain the evolutionary
potential of this species (Ciampi et al., 2007).

The results obtained by AMOVA also corroborate the literature data,
in which the diversity between groups is greater than that of individuals
in each group. Similar results were also found by Cabral et al. (2017).
Baldoni et al. (2017) suggest that pollen dispersal by bees can transport
B. excelsa genes over longer distances than seed dispersal by rodents.
Pollen dispersal and seed dispersal follow a pattern of isolation by
distance, with mating occurring at high frequencies between near-
neighbor trees and seeds dispersed near to the mother trees.

Markers with PIC values greater than 0.5 are considered very in-
formative, values between 0.25 and 0.5 are moderately informative,
and values below 0.25 are poorly informative (Botstein et al., 1980).
The values found in this paper demonstrate that the markers used are
from medium to very informative, i.e., the profiles are highly poly-
morphic. The high proportion of polymorphic loci indicates that the
number of polymorphic fragments generated by SSRs markers was ap-
propriate for detecting allelic variation between Brazil nut populations.
Therefore, these results suggest that SSR markers can be used as a tool
for the identification of more divergent genotypes and thus assisting
plant genetic resource collection programs. The rate of polymorphic
loci present in these populations is higher than that found in other
studies with Brazil nut using inter simple sequence repeat (ISSR)
(Ramalho et al.,, 2016) and random amplified polymorphic DNA
(RAPD) molecular markers (Serra et al., 2006), and also when com-
pared to studies with SSR markers in other native species such as
Castanea sativa (Martin et al., 2010), Jatropha curcas (Wen et al., 2010)
and Myrciaria dibia (Rojas et al., 2011).

The high mean heterozygosity found here is an indicative of non-
deficiency of heterozygous, that is, there is high heterozygosity in these
populations. These findings are also supported by negative Fig values
and high Ggr (18.39), which reveal low inbreeding and high genetic
differentiation among all populations. Brazil nut present self-



A.B. Baldoni, et al.

Forest Ecology and Management 458 (2020) 117795

0.70 0.75
| |
Itauba

0.65
|

0.60
|

Height
0.50 0.55
| |

Alta Floresta

0.45
|

0.40
|

Juina

Cotriguacu

Fig. 2. Cluster dendrogram showing the differentiation pattern among populations based on Nei’s genetic distance.

incompatibility and absence of fruit generation when the plant receives
pollen from its flowers (Cavalcante et al., 2012). Thus, the high het-
erozygosity rate presented by Brazil nut populations may be related to
the breeding system, since the self-incompatibility helps to maintain
genetic diversity within populations by favoring cross-breeding (Cabral
et al.,, 2017). The maintaining genetic diversity within populations is
important to avoid reduced fertility and a consequent reduction in seed
set. In this sense, Sujii et al. (2015) recommended strategies as to leave
some nuts in the forest and manage seedling placement in order to
enhance genetic diversity and ensure suitable amounts of seeds for both
economic purposes and local persistence of the species.

It is possible to verify a relation among the differentiation between
the populations and the geographic location of the different sampled
sites. For example, the most distant sites evaluated were Itatiba and
Juina (380 km apart), and Itatiba and Cotriguacu (distant by 369 km),
whose populations were the most divergent. Serra et al. (2006), when
evaluating the genetic diversity of Brazil nut populations in the State of
Paré, they also found that the pattern of genetic differentiation between
the populations corresponded to the geographic regions of collection.

A study with fruits and seeds from these evaluated populations
showed that there is a difference in the shape and size of Brazil nut
fruits in the state of Mato Grosso. The fruits and nuts produced in Itatiba
population were the smallest and had the lowest number of seeds
within the fruit, while those from Juina presented larger size and mass,
and have more seeds. Juina presented higher lipid content and lower
ash content. Cotriguacu nuts have the highest selenium content among
the populations evaluated in the state of Mato Grosso (Botelho et al.,

2019). These results confirm the largest genetic distances found in the
present study, between Itatiba and Juina, and Itatba and Cotriguacu,
mainly in the nut size.

Sujii et al. (2015), assessing the genetic structure of B. excelsa po-
pulations at different spatial scales throughout the Amazon Basin, they
also found a relation among population genetic structure and geo-
graphic region. These authors assign the pattern of similarity between
closest populations to behavior of pollinating bees. Although bees visit
many trees every day and fly long distances, they tend to forage in more
restricted areas when there are plenty of flowering trees, which favors
short-distance pollen dispersal (Janzen, 1971).

However, we should not exclude other factors that may have af-
fected the population genetic structure, such as human and abiotic
factors. Thomas et al. (2015) reported that human dispersal of Brazil
nut from a south-western stock to central Amazon (south of the Amazon
River) by the first human arriving to the Amazon could explain why
some studies (Kanashiro et al., 1997; Gribel et al., 2007) have found
very limited genetic differentiation between Brazil nut populations in
this region. Scoles and Gribel (2011), when studying the population
structure of Brazil nut in Brazilian Amazon, they identified that dif-
ferent historical and contemporary land use patterns contributed to the
current contrasting population structures. Despite the evidence that
anthropogenic activities exerted a strong influence on the population
structure of Brazil nut, it is most likely to be a reflection of the interplay
between human and natural factors across evolutionary process. Abiotic
factors, such as climate, and chemical and physical soil characteristics,
are known to structure diversity gradients across Amazon, as already
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reported in some studies (Steege et al., 2006; Thomas, 2009; Hoorn
et al., 2010).

Genetic diversity is the basis of the evolutionary process, i.e., evo-
lution requires genetic variation. For the continuity of evolution, me-
chanisms increasing or creating genetic variation such as mutation,
recombination and gene flow, and mechanisms decreasing this varia-
tion such as selection and genetic drift, are required. These same me-
chanisms maintain genetic diversity within populations, allowing the
continuity of the evolutionary process (Ferreira et al., 2007).

Genetic diversity studies based on molecular markers provide im-
portant information on the genetic makeup of the population, which
only a demographic study would not provide, influencing decision
making. Genetic results are fundamental and indispensable for con-
ducting collection programs, sustainable management and in situ and ex
situ conservation (Ciampi et al., 2007; Wadt et al., 2018). Brazil nut tree
revealed to have greater genetic diversity between the population than
within populations, suggesting that seed collection should be performed
considering a larger number of matrices between populations than
within population. From the point of view of genetic breeding, in-
formation on genetic diversity are important genetic parameters, as it
allows maximizing the genetic representativeness of the species in
collections for ex situ and in situ germplasm banks.

5. Conclusion

Genetic diversity of four Brazil nut tree populations collected in the
Amazon region were assessed by microsatellite molecular markers.
Brazil nut tree revealed to have greater genetic diversity between po-
pulation than within in individuals in each population, suggesting that
seed collection considering a larger number of matrices between a
population than within population is a more effective strategy. The
most genetically distant populations were Itatiba and Juina, and Itatiba
and Cotriguacu, showing a relationship with geographical distance and
also with differences found in fruit and seed characteristics already
reported in other studies evaluating such populations. The findings of
this study contribute to the establishment of the species breeding
strategies that, in turn, ensure the maintenance and preservation of the
genetic diversity of Brazil nut tree in southern Brazilian Amazon.
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