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Morphometric of fruits and Seeds of Brazil Nut Tree Populations 
(Bertholletia excelsa Humb. Bonpl.: Lecythidaceae) in Pará 

Southeastern as a Parameter of Phenotypic Variation

ABSTRACT – The Brazil-nut (Bertholletia excels Humb. Bonpl., Lecythidaceae) is a law-protected 
Amazon native species in Brazil, classified as vulnerable in risk terms of extinction and quite explored by 
extractivists. The objective of this study consisted to evaluate the phenotypic diversity in different population 
of Bertholletia excelsa by fruits and seeds morphometry. A total of 60 fruits were evaluated, from three 
populations located in three Pará southeast areas: Tapirapé-Aquiri National Forest (FLONATA), Carajás 
National Forest (FLONACA) and Sousa Farm (FAZENDA). The measured variables were: number of 
seeds per fruit (NS), fruit weight (FW), fruit length (FL), fruit width (FWi), operculum diameter (OD), 
seed weight (SW), seed length (SL), seed width (Swi) and seed thickness (ST). These were tested about 
normality (Shapiro-Wilk) and homocedasticity (Bartlett) and posteriorly submitted to a variance test 
(ANOVA). A means comparison test was made (Tuckey) and multivariate analysis (PCA) to evaluate 
relations between the morphometric variable with different collection areas. The analysis evidenced 
the formation of three correspondent groups (FLONATA, FLONACA and FAZENDA), being the first 
that stands out for showing average measurements superior to mostly of the tested variables and 
significantly differs to the other two who does not differ among themselves. These answers evidenced 
greater phenotypic variation in populations that occur in environments with different edaphoclimatic 
conditions evidencing the importance of consider the exogenous factors besides the endogenous factors.

Keywords: Chestnut trees; fruits biometry; seeds biometrics.

Morfometria de Frutos e Sementes de Populações de Castanha-do-Pará 
(Bertholletia excelsa Humb. Bonpl.: Lecythidaceae) no Sudeste do Pará como 

Parâmetro de Variação Fenotípica

RESUMO – A castanha-do-Brasil (Bertholletia excelsa Humb. Bonpl., Lecythidaceae) é uma espécie nativa 
amazônica protegida por lei no Brasil, classificada como vulnerável em termos de risco de extinção, 
e bastante explorada por extrativistas. O objetivo deste trabalho consistiu em avaliar a diversidade 
fenotípica de diferentes populações de Bertholletia excelsa por meio da morfometria dos frutos e sementes. 
Foram avaliados um total de 60 frutos provenientes de três populações localizadas em três áreas do sudeste 
do Pará: Floresta Nacional do Tapirapé-Aquiri (FLONATA), Floresta Nacional de Carajás (FLONACA) e 
Fazenda Sousa (FAZENDA). As variáveis mensuradas foram: número de sementes por fruto (NS), peso 
do fruto (PF), comprimento do fruto (CP), largura do fruto (LF), diâmetro do opérculo (DO), peso da 
semente (PS), comprimento da semente (CS), largura da semente (LS) e espessura da semente (ES). 
Elas foram testadas quanto à normalidade (Shapiro-Wilk) e homocedasticidade (Bartlett) e, posteriormente, 
submetidas a um teste de variância (ANOVA). Foi realizado teste de comparação de média (Tuckey) e análise 
multivariada (PCA) para avaliar as relações entre as variáveis morfométricas com as diferentes áreas 
de coleta. As análises evidenciaram a formação de três grupos correspondentes (FLONATA, FLONACA 
e FAZENDA), sendo que a primeira se destaca por apresentar mensurações médias superiores para a 
maioria das variáveis testadas e diferir significativamente das outras duas, e que estas não diferem entre si.  
Tais respostas evidenciam maiores variações fenotípicas em populações que ocorrem em ambientes com 
condições edafoclimáticas distintas evidenciando a importância de se considerarem os fatores exógenos 
além dos fatores endógenos.

Palavras-chave: Castanhais; biometria de frutos; biometria de sementes.
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Morfometría de Frutos y Semillas de Poblaciones de Castañas (Bertholletia 
excelsa Humb. Bonpl.: Lecythidaceae) en el Sureste de Pará como Parámetro 

de Variación Fenotípica

RESUMEN – La nuez de Brasil (Bertholletia excelsa Humb. Bonpl., Lecythidaceae) es una especie 
amazónica nativa protegida por la ley en Brasil, clasificada como vulnerable en términos de riesgo 
de extinción y ampliamente explotada por los extractivistas. El objetivo de este trabajo fue evaluar 
la diversidad fenotípica de diferentes poblaciones de Bertholletia excelsa a través de la morfometría 
de frutos y semillas. Se evaluaron un total de 60 frutos de 3 poblaciones ubicadas en tres áreas del 
sureste de Pará: Bosque Nacional Tapirapé-Aquiri (FLONATA), Bosque Nacional Carajás (FLONACA) 
y Finca Sousa (FAZENDA). Las variables medidas fueron: número de semillas por fruto (NF), peso 
del fruto (PF), largo del fruto (LP), ancho del fruto (AF), diámetro del opérculo (DO), peso de la 
semilla (PS), longitud semilla (LS), ancho de semilla (AS) y espesor de semilla (ES). Fueron probados 
para normalidad (Shapiro-Wilk) y homocedasticidad (Bartlett) y posteriormente sometidos a una 
prueba de varianza (ANOVA). Se realizó una prueba de comparación de medias (Tuckey) y análisis 
multivariado (PCA) para evaluar las relaciones entre las variables morfométricas con las diferentes 
áreas de recolección. Los análisis mostraron la formación de tres grupos correspondientes (FLONATA, 
FLONACA y FAZENDA), el primero de los cuales se destaca por presentar mediciones promedio más 
altas para la mayoría de las variables evaluadas y diferir significativamente de los otros dos y que no 
se diferencian entre sí. Estas respuestas muestran mayores variaciones fenotípicas en poblaciones 
que se dan en ambientes con diferentes condiciones edafoclimáticas, destacando la importancia de 
considerar factores exógenos además de factores endógenos.

Palabras clave: Castaños; biometría de frutas; biometría de semillas.

Introduction

In 1807, Humbolt and Bonpland first 
described a Bertholletia excelsa species in which 
it is the only species of Bertholletia genus (Ferreira 
& Carniello, 2018), Amazon native (Chalita 
et al., 2019) that has nonflooded lands (dry 
land) as habitat (Costa et al., 2009). It belongs to 
Lecythidaceae botanical family (Cardoso et al., 
2017), and is popularly known as Brazil-nut (Silva, 
2019). 

The Bertholletia excelsa is a social tree for 
making clusters known as chestnut trees, associated 
with others large forest species (Salomão, 2009). 
This association allows the formation of clusters of 
trees approximately 50 meters in heigh and 2 of 
diameter at breast height with the ability to survive 
for more than 500 years (Braga et al., 2009). 
Generally, the Brazil-nut groves are made in clayey 
or sandy soils with good drainage, being in clayey 
soils their greatest occurrence (Silva, 2019).

 Brazil-nut tree can be founded, naturally, in 
Brazil, Venezuela, Peru, Colombia, French Guyana, 
Suriname and Bolivia (Batista et al., 2019); being 
distributed over 320 hectares (ha) between Brazil, 
Bolivia and Peru (Cardoso et al., 2017). In Brazil, 
this species is present in the states of Pará, Acre, 

Roraima, Rondônia, Amazonas, Amapá, and in 
the north of the states of Mato Grosso and Goiás 
(Nogueira et al., 2014).

The reason of this concentration in tropical 
area in given by the species adaptability to annual 
average temperatures of 24°C to 27°C with a 1400 
to 2800 pluviometric index variation (Braga et al., 
2009). Brazil-nut tree produces globose shape fruits 
with woody characteristics, popularly known in 
Brazil as “ouriço” (Maués et al., 2015), containing 
approximately 12 to 5 seeds named as Brazil-
nut (Nogueira et al., 2014), which experience 
variations in ouriço production every year, on the 
same tree (Maués et al., 2015). 

The Brazil-nut fruit is the most known non-
timber forest product (NTFP) and solidly establish 
in domestic markets and exportation for over a 
century (Peters, 1994; Clay, 1997; Peres et al., 
2003; Scoles et al., 2011; Albuquerque, 2015; Da 
Silva & Paraense, 2019). Obtaining the ouriços is 
carried out in the months of December to February 
after the fruit fall, with low environmental impact 
(Braga et al., 2009; Haugaasen et al., 2010), and 
its deriving almost exclusively from the native 
Brazil-nut trees extractivism (Shepard & Ramirez, 
2011; Duchelle et al., 2011; Neves et al., 2016).
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The collection and processing of the nuts 
its often associated to an exemplar model of 
NTFP sustainable industry, as its contributes to 
many communities livehood and their regional 
economy, in the same time that contributes to the 
livehood of many communities and their regional 
economies while it contributes to the biodiversity 
preservation, avoiding deforestation and forest 
degradation (Allegretti, 1994; Clay, 1997; Peres 
et al., 2003; Salomão et al., 2006; Salomão, 2009; 
Camargo et al., 2010; Tonini, 2013; Salomão  
et al., 2014; Da Silva & Paraense, 2019).

Brazil-nut seed has a historical value to 
regional populations (Salomão, 2014) and 
shows great value in nutritional matters (De Brito  
et al., 2019). Due to its recognition as a functional 
food, there is a strong international appeal for 
its consumption with Bolivia, the United States 
of America, China, Peru and Tunisia as its main 
importing countries (Oliveira et al., 2020).  
In relation to exports, in 2015, the Brazil exported 
the equivalent ou US$41.56 million. In relation to 
exports, in 2015, Brazil exported the equivalent 
of US $ 41.56 million in Brazil nuts. However, in 
2017, the export revenue was only US $ 11.96 
million, the lowest value since 2009 (Formigoni, 
2018; Da Silva et al., 2020). It also shows high 
levels of proteins, amino acids, flavonoids, phenolic 
compounds (De Brito et al., 2019) and high selenium 
levels (Kluczkovski et al., 2015). In addition, the 
intake of Brazil-nut contributes to cancer prevention 
(Balbi et al., 2014) and neurodegenerative diseases 
(Martens et al., 2015), mainly for its antioxidant 
action (Huguenin et al., 2015).

  The fruit, seed and seedling biometrics and 
morphometric analysis provide greater knowledge 
of the species as: germination, quality test, 
standardization and storage of fruits and seeds (Dos 
Santos, 2011). This identification allows to identify 
the populations intra and interspecific phenotypic 
variety, and provides information of physiological 
and ecological aspects, contributing to the species 
proper management (Aguiar et al., 2018). 

   This study has as objective to evaluate the 
phenotypic diversity of different populations of 
Bertholletia excelsa by fruits and seeds variables 
evaluation. This study can subsidize actions of use 
and conservation of Brazil-nut tree population in 
different environments and the Brazil-nut valuation 
as a NTFP, contributing to characterize its behavior, 
allowing future projections for population and 
products from these population.

Material and Methods
Study areas

Fruits (ouriços) from 3 Brazil-nut tree 
populations, located in three areas of Pará southeast 
were used on evaluation: Tapirapé-Aquiri National 
Forest (FLONATA), Carajás National Forest 
(FLONACA) and Sousa Farm (FAZENDA) (Fig. 
1-A e B). FLONATA and FLONACA compose a 
mosaic of conservation units known as “Mosaico 
de Carajás”, being the first created from the decree 
n° 97.720 of 05 of May of 1989 (Brasil, 1989) 
and the second from the decree n° 2.486 of 02 of 
February of 1998 (Brasil, 1998). 

The third Brazil-nut population is inserted 
in FAZENDA (Fig. 1-C), which characterize 
as a strong anthropogenic influence area and 
presence of Open Ombrophile Forest and 
Dense Ombrophile Forest remnants. The Brazil-
nut trees which fruits were used in this study 
belong to the Open Ombrophile Forest biome. 

Figure 1 – Location of Bertholletia excela fruits collection 
areas: A) Tapirapé-Aquiri National Forest 
(FLONATA); B) Carajás National Forest 
(FLONACA); C) Sousa Farm (FAZENDA). 

Subtitle:   DTR: Dense Tropical Rainforest; OTR: Open 
Tropical Rainforest.
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Serra dos Carajás stands out in the 
predominantly lowland landscape in southeast of 
Pará. The Serra is almost entirely in Carajás National 
Forest, that along with the other protected areas 
compound the “Mosaico Carajás”, with around 
1.207.000 hectares (Silva, 2006; Viana et al., 
2016). They are: Igarapé Gelado Environmental 
Protection Area, Tapirapé Biological Reservation, 
National Forest of Itacaiúnas, National Forest of 
Tapirapé-Aquiri and National Forest of Carajás 
and the Indigenous Land of Xikrin do Cateté 
(STCP, 2016) e o Ferruginous Fields National Park 
(Brasil, 2017). The mosaic has great importance to 
the biodiversity conservation, ecological process 
and ecosystems services, considering the intense 
environmental degradation of the region which its 
insert (ICMBio, 2017).

According to the FLONATA Multiple Use 
Management Plan (ICMBio, 2006), it is located in the 
southeast portion of Pará state, covering a 190.000 
ha area, between the geographic coordinates of 
5°35’ and 6°00’ of south latitude and 50°24’ and 
51°06’ of west longitude. The weather of Tapirapé-
Aquiri National Forest region, according to Köppen 
classification, can by fitted in the “Awi” type – rainy 
tropical with dry in winter season (Rolim et al., 2006). 
The pedological typologies that predominates are the 
following classes of soils and its associations: Red-
Yellow Argisol with clayey texture; Dystrophic Red-
Yellow Latosol with medium texture, associated with 
Lateritics Concretions and Dystrophic Neosoils with 
Rocky Outcrops (ICMBio, 2006). 

The FLONATA is located in amazon biome 
and shows Open Ombrophile Forest and Dense 
Ombrophile Forest and in the flattened tops of the 
mountain range there is a presence of glades with 
a savanna vegetation, in herbaceous-shrubby form, 
known as ferruginous rupestrian field, canga or 
ferruginous outcrop (Ab’Saber, 1986; Nunes, 
2009; Campos & Castilho, 2012; Mota et al., 
2015; Schaefer et al., 2016). 

Biometric analysis of fruits

In total, 60 fruits and 899 seeds were 
measured, representing as 3 groups studied 
(FLONATA, FLONACA and FAZENDA Sousa). 
It was collected in the months of December 2019 
and January 2020 after the natural fall. These fruits 
are reminiscent of traditional extractivism and the 
indigenous population.

The fruits and seeds biometrics were made 
with assistance of an analytical balance (Marte 
AD3300) with a precision of 0,0001g and a 
digital pachymeter (Eda 7VT 8”) with a 0,01mm 
precision. The measured variables were: number 
of seeds per fruit (NS); fruit weight (FW), obtained 
from the fruit with seed; fruit length (FL) from the 
distance of the base to the apex; fruit width (FWi) 
by the transverse diameter; operculum diameter 
(OD), measured by the size of that opening; seed 
weight (SW); seed length (SL) established from the 
base to apex; seed width (Swi) and seed thickness 
(ST). The Swi and ST were measured in the seed 
midline, being width of distal side and thickness of 
proximal side.

Statistics

Biometric variables were evaluated by 
variance analysis (ANOVA). For the biometrics 
statistical analysis, the areas were considered 
as treatments and each fruit was considered as 
a sampling unit. To verify the assumptions of 
variance analysis (ANOVA), the data were firstly 
tested for: a) normality with Shapiro-Wilk test (p > 
0.05); and b) and homoscedasticity by the Bartlett 
test (p > 0.05). Once attended these assumptions 
the data were submitted to variance analysis by 
R program 4.0.4 version and, having significant 
differences between the data, the averages were 
compared by Tukey test (p <0.05).

Relations between the morphometrics 
variables with the different collection area were 
analyzed by principal component analysis (PCA). To 
perform this analysis, were identified and removed 
the variables that showed high correlation, to avoid 
multicollinearity problems in the matrix of the 
correlation used to execute the analysis. Through the 
main components scores was possible to cluster the 
treatments (areas) with biometrics variables that most 
contributed in each treatment.

 

Results 

The Fig. 2 (A-I) shows up that the parameter 
number of seed per fruit (Fig. 2-A), fruits weight 
(Fig. 2-B), fruit length (Fig. 2-C), fruit width (Fig. 
2-D), fruit weight (Fig. 2-F), length seed (Fig. 
2-G) and seed thickness (2-I) of the FLONACA 
and FAZENDA areas (highlighted by letter a) are 
statistically similar and differ from FLONATA area 
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(highlighted by letter b). The fruit length parameter 
(Fig. 2-A), operculum diameter (Fig. 2-E) and seed 
width (Fig. 2-H) were statistically similar for the 
three areas.

FLONATA showed higher average values 
for every analyzed phenotypic variable, except the 
number of seeds per fruits variable (Fig. 2-A) and 
operculum diameter.

Figure 2 – Boxplot showing the averages to different 
morphometric variables of fruits and 
seeds of Bertholletia excelsa in different 
collection areas: Tapirapé-Aquiri National 
Forest (FLONATA), Carajás National Forest 
(FLONACA) and Sousa Farm (FAZENDA).

Main components analysis (Fig. 3) revealed 
that two of first main component explain 100% 
(93.8% = PC1 and 6.2% = PC2) of variability 
of morphometric data to Bertholletia excelsa fruits 
and seeds. It highlights the formation of three 
groups corresponding FAZENDA, FLONACA and 
FLONATA. In the first main component (PC1), the 
morphometric variables seed weight (SW), fruit 
weight (FW), seed thickness (ST), fruit width (FWi) 
e seed length (SL) of fruits and seeds of Bertholletia 
excelsa are positively associates with FLONATA 
and with the fruit length (FL) parameter in the 
second main component (CP2). The variables 
number of seeds (NS) and operculum diameter 
(OD) are associated to FAZENDA while seed width 
(SWi) is associated to FLONACA in the second 
main component.
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Figure 3 – Main component analysis (PCA) of 
morphometric variables of fruits and 
seeds Bertholletia excelsa in different 
collection areas.

Subtitle:      NS:number of seeds; FW: fruit weight; 
FL: fruit length; FWi: fruit width; OD: 
operculum diameter; SW: seed weight; 
SL: seed length; SWi: seed width; ST: 
seed thickness.

The Fig. 4 (A-H) represent the frequency 
of seeds for biometric parameter representing 
each population by class. SW variable (Fig. 
4-A) highlight that in FLONATA, from total of 
282 measured seeds, 84.04% concentrated 
in the classes of 5-6 to 7.5 and to 7.6 to 9.5 
mm; to FLONACA, from the total of 289 seeds, 
85.12% concentrated in the classes of 3.6 to 5.5 
and 5.6 to 7.5 mm; and to FAZENDA, from the 
total of 306 seeds, 76.14% are concentrated 
in the classes of 3.6 to 5.5 and 5.6 to 7.5 mm. 
For the ST parameter (Fig. 4-B), 76.60% are 
concentrated in the class of 34 to 53.9 mm in 
FLONATA; 88.24% are concentrated in the class 
of 34 to 43.9 mm in FLONACA; and 65.36% 
are concentrated in the class of 34 to 43.9 mm 
in FAZENDA.

The Fig. 4-C highlights the frequency of 
seeds by class related to SWi parameter. To 
FLONATA, was 86.88% representative of the 15 
to 29.9 mm classes; to FLONACA, was 72.32% 
of the 20 to 24.9 mm classes; and to FAZENDA, 
was 92.81% of the 20 to 29,9 mm classes. And 
Fig. 4-D represents the ST variable by class and 
to the three areas, there were concentrations 
of the class comprised of 15 to 19.9 mm, with 
36.89% to FLONATA, 88.24% to FLONACA 
and 72.88% to FAZENDA.  
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The Fig. 4-E relates the SW variable to 
biometric frequency (Fig 4-A), by class, to the 
three areas. To FLONATA, 55% of fruits showed 
mass comprised between the 370 to 469.9 g; to 
FLONACA and FAZENDA, the higher frequency is 
concentrated in the 270 to 469.9 g class, with 60 to 
45 %, respectively. To the ST parameter (Fig. 4-E), 
FLONATA showed higher frequency in the 105 to 
114.9 mm class, with 55% and the FLONACA and 
FAZENDA areas the higher frequency concentrated 
in the 85 to 94.9 mm class, both with 45%. To the FL 
parameter (Fig. 4-F), the higher frequency was 35% 
to the 105 to 114.9 mm class and of 35% to the 115 
a 124.9% class (both classes corresponded to 70% 

of the total) to FLONATA; and of 50% to 75% for 
FLONACA and FAZENDA, both concentrated in the 
85 to 94.9 mm class.

As for the FWi parameter (Fig. 4-G), the 
higher frequency classes were of 105 to 114.9 and 
125 to 134.9 mm, with a concentration of 35% 
each (totalizing 70%) to FLONATA; in the classes of 
7.5 to 84.9 mm, with representativeness of 75% to 
FLONACA; and in the 85 to 94.9 mm class (50%) 
to FAZENDA. And to the OD variable (Fig. 4-H), the 
frequency is concentrated in the 6.5 to 8,4 mm and 
8.5 to 10.4 mm, both with 35% each, to FLONATA; 
40% of the representative frequency of the 8.5 to 
10.4 mm class to FLONACA and 45% in the class 
of 10.5 to 112.4 mm to FAZENDA.

Figure 4  – Figure 4 – Frequency related to (A) seed weight (SW), (B) seed thickness (ST), (C) seed width (SWi),  
(D) seed thickness (ST), (E) fruit weight (FW), (F) fruit lenght (FL), (G) fruit weight (FWi), (H) operculum 
diameter (OD) of Bertholletia excelsa fruits and seed from Tapirapé-Aquiri National Forest (FLONATA), 
Carajás National Forest (FLONACA) and Sousa Farm (FAZENDA)
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Discussion

The Bertholletia excelsa seed dispersion, 
according to Haugaasen et al. (2010), is relatively 
restricted to a few tens of meters, from the fruits 
that falls near to the mother-plant and also to 
the spreading promoted by the animals. Some 
researches, in face of strategy observations of 
inefficient discontinuous distribution of B. excelsa 
in Amazon, proposed the hypothesis that its 
origins are anthropogenic. Scoles & Gribel (2011) 
and Shepard Jr. & Ramirez (2011) defend this 
hypothesis based on the fact that the natural 
remaining Brazil-nut trees of Amazon forest showed 
the occurrence of mature individuals (large and 
great diameter) and almost no young individuals 
(Guedes et al., 2014). 

Archeological evidences suggest that the 
species has been used by humans at least 11.000 
years ago (Clement et al., 2015) and that its 
modern distribution is closely connected to the 
standard of pre-colombian human settlement 
and reflected demography by Amazonian Darck 
Earth (or archeological black earth) and geoglyphs 
(Roosevelt et al., 1996; Thomas et al., 2015 & 
Andrade et al. 2019).

Brazil-nut tree is considered a long-term 
pioneer species (Mori & Prance, 1990; Scoles 
& Gribel Rogerio, 2014; Caetano Andrade  
et al., 2019), which life cycle can be attached to 
events of natural disturbance as glades, dry and/
or extreme flooding and fires (Baker et al., 2006; 
Vlam et al., 2017; Caetano Andrade et al., 2019). 
Its canopy survival and rise depend on favorable 
light conditions, according to Scoles & Gribel 
Rogerio (2014), Schöngart et al. (2015) & Caetano 
Andrade et al., (2019). 

Founded in clusters more or less extensive, 
known as castanhais, with fifty to 100 individuals, 
distanced around 1 Km (Prance & Mori, 1979), 
its always associated to others larges forest species 
(Salomão, 2009). The native Brazil-nut tree has 
been wiped out as consequence of deforestation 
and its economic production has decreased due 
to the forest fragments do not supports their 
ecological conditions to pollination and dispersion 
(Costa et al., 2009). Besides being a law-protected 
species in Brazil (Federal Decree n° 5.975 of 30 of 
November of 2006) (Brasil, 2006), still classified as 
vulnerable, according to the red list of endangered 
species (IUCN, 2020). 

The genetic distribution study inside and 
between populations and the comprehension 
of how this variability is structured in the space 
are important to define genetic conservation 
strategies, sustainable management and species 
improvement (Kageyama et al., 2003; Rossi  
et al., 2009; Rivas et al., 2013; Vieira et al., 
2019; Baldoni et al., 2020). Buckley et al. (1988) 
estimated the genetic variation inside and between 
two populations of Pará-nut located in the states of 
Acre and Amazonas, through enzymatic markers. 
Based on their study, evidenced that much of the 
genetic diversity of this species can be preserved inside 
one or a few populations. With these assumptions, 
the extinction endanger of Brazil-nut is even more 
evident, despite its law prohibition of cutting.

The distribution pattern clustered or 
scattered of Brazil-nut trees can be resultant of 
the forest typology of the natural occurrence 
areas of Brazil-nut trees (Wadt & Kainer, 2009). 
According to what can be observed in the Fig. 2 
(A-I), the fruits from FLONACA and FAZENDA 
has a phenotypical resemblance for every 
analyzed morphometric variable. Both areas 
show the same predominant forest typology, the 
Open Ombrophile Forest (FOA) and, therefore the 
Brazil-nut tree is subject to similar edaphoclimatic 
conditions (as an example, less light competition) 
and, therefore the development patterns are also 
similar.

The Brazil-nut population of FLONATA is 
under influence of Dense Ombrophile Forest (FOD) 
biome and showed the greater average values to 
most of phenotypic variation. The morphometric 
parameters founded in FLONATA differed 
statistically of FLONACA and FAZENDA to mostly 
of the analyzed parameters, except the OP (Fig. 
2-E) and SWi (Fig. 2-H). These results corroborate 
with the fact that environmental conditions 
directly influence in the genetic interactions of a 
species with the environment, where the biometric 
variations in the same population are related to 
endogenous and exogenous factors (Rodrigues et 
al., 2006; Smith & Kruglyak, 2008; Souza et al., 
2013; Bezerra et al., 2014; Li & Zhang, 2018; 
Ahmed I et al., 2020; Lundgren & Marais, 2020; 
Vaidya & Stinchcombe, 2020; Véron et al., 2020; 
Zan & Carlborg, 2020).  

FLONATA fruits showed the greater weigh 
average of seeds per fruit, followed by FLONACA 
and FAZENDA. According to Müller et al. (1995), 
the seeds bigger and heavier showed more 
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important for commercialization, as well as to 
seedlings production. Similar result founded in the 
fruit related variables were presented by Rocha et 
al. (2016) in his study in natural occurrence area 
of edges within forest fragments in the state of 
Mato Grosso and by Kaminsk et al. (2008) when 
analyzing permanent plots through Kamukaia 
project in Roraima, Brazil, in native forest area of 
São João da Baliza city. 

About the number of seeds per fruit 
parameter, FLONATA showed 10 to 23 seeds; 
FLONACA, of 10 to 19; and FAZENDA, of 9 to 
19. The founded results agrees with Moritz (1984), 
who stated that the Brazil-nut tree fruits shows, 
on average, 10 to 25 seeds per fruit and Cornejo 
(2004), which registered an average of 18,5 seeds 
per fruit, with maximum of 36 and minimum of 6 
seeds por fruit, in his biometry studies of Brazil-nut 
fruits and seeds, fruits with 10 to 25 seeds were 
founded.

For the seeds measured phenotypic variables, 
the study results of Aguiar (2018) were similar to 
the FLONATA matrix, obtained 47,2 mm of length, 
28,7 mm of width, 21,2 of thickness.  Mori & Prace 
(1990) and Wadt & Kainer (2009) founded 80 to 
150 mm of width values. This population stands 
out for having the greater averages biometrics and 
its distinguished of FLONACA and FAZENDA, 
that showed similar characteristics of results. This 
fact is related to the habitat and edaphoclimatic 
conditions where this species is inserted. 

Conclusion

The phenotypic variations evaluated by 
the Tukey test demonstrated that FLONATA 
differs significantly from the other two areas, 
FLONACA AND FAZENDA, and that these do 
not differ significantly from each other. This fact 
is corroborated by the fact that the populations 
of FLONACA and FAZENDA, despite being 
spatially distant, are under the influence of the 
same forest phytophysiognomy, and, therefore, 
are subject to similar edaphoclimatic conditions. 
While the representative population of FLONATA, 
which stood out for presenting higher average 
measurements for most phenotypic variables, is 
inserted in a distinct environment.

These answers show that exogenous factors 
involving the edaphoclimatic parameters had a 
greater influence on the phenotypic variations 
present in this study, because the determining 
factor was the fact that FLONACA and FAZENDA 
present themselves in an environment with 
the Open Ombrophilous Forest as opposed 
to FLONATA which is found in the Dense 
Ombrophilous Forest. Thus, it demonstrates the 
importance of exogenous factors (external factors) 
as a complement to endogenous (internal) factors.
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