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ABSTRACT – The study of the genetic and phenotypic variability of the populations of Caryocar brasiliense
Camb. assists in strategies for conservation and breeding of the specie. The objective of this work was to
characterize the genetic diversity through the physical characteristics of pequi fruits of two populations through
uni and multivariate analysis, as well as the implications in their domestication and breeding. Fruits were
harvested from 20 mother trees (ten fruits per mother tree) from two populations in the state of Minas Gerais
(Curvelo and São Gonçalo do Rio Preto Municipalities) during the years 2010, 2011 and 2012. The data were
submitted to analysis of variance using a hierarchical classification model. An analysis of clusters and main
components was used for studying the divergences. The effects of the populations were not significant for
all the characters analyzed in isolation. The gathering of pequi mother trees shown by multivariate analysis
did not correspond to the grouping established by the populations. Selection for breeding and/or preservation
purposes should concentrate efforts on fewer populations with larger numbers of mother trees per population.
Selection of mother trees with higher fruits and thicker pulp fruits among them, even by visual evaluations
only, is recommend in sampling mother trees for breeding purposes.

Keywords: Pequizeiro; Genetic variability; Single and multivariate analyzes.

DIVERGÊNCIA GENÉTICA EM POPULAÇÕES DE Caryocar brasiliense Camb. A
PARTIR DE CARACTERÍSTICAS FÍSICAS DOS FRUTOS

RESUMO – O estudo da variabilidade genética e fenotípica das populações de Caryocar brasiliense Camb.
auxilia nas estratégias para conservação e melhoramento da espécie. O objetivo deste trabalho foi caracterizar
a diversidade genética por meio de características físicas de frutos de pequi de duas populações, mediante
análises uni e multivariadas, bem como as implicações na sua domesticação e melhoramento. Foram colhidos
frutos de 20 matrizes (dez frutos por matriz) oriundas de duas populações no estado de Minas Gerais (Municípios
de Curvelo e São Gonçalo do Rio Preto) durante os anos de 2010, 2011 e 2012. Os dados foram submetidos
à análise de variância utilizando-se um modelo de classificação hierárquica. Para o estudo das divergências
utilizou-se a análise de agrupamentos e componentes principais. Os efeitos das populações foram não significativos
para todos os caracteres analisados isoladamente. O agrupamento de matrizes de pequi, não corresponde
ao agrupamento estabelecido pelas populações. Projetos para seleção e, ou preservação da espécie deverão
concentrar esforços na obtenção de menos populações com maior número de indivíduos por população.
Para a implementação de um teste de progênies para fins de melhoramento justifica-se a seleção de matrizes
com os maiores frutos e, dentre estas, aquelas cujos frutos têm polpa mais espessa, mesmo que tais avaliações
sejam apenas visuais.

Palavras-Chave: Pequizeiro; Variabilidade genética; Análises uni e multivariadas.
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1. INTRODUCTION

Savannas cover 20% of the earth’s surface and
account for approximately 30% of global primary net
production. Among the savanna formations of the world,
the Cerrado stands out as one of the centers of great
biodiversity, with diverse flora and is rich in endemic
species (Lehmann et al., 2014). The fruit species native
to this biome have great acceptance in the consumer
market, since their fruits have remarkable and peculiar
flavors with high levels of vitamins, proteins and minerals
(Silva et al., 2015; Soares et al., 2017). Among the species,
the pequizeiro (Caryocar brasiliense Camb.), family
Caryocaraceae, deserves special attention because it
presents high occurrence in this biome (Oliveira et
al., 2008; Ferreira et al., 2015), where it is considered
a symbol of this typical Brazilian environment by local
populations. Its fruit has a peculiar smell and flavor,
and is very much appreciated by the populations in
the regions of its occurrence.

The effect of populations and mother trees on
variations in characteristics such as fruit size and pulp
thickness is popularly known by people living with
the species. In this way, researchers who are attentive
to the observations of these communities perceive their
preferences to certain mother trees whose fruits bear
some qualities mainly related to the thickness and the
flavor of the pulp (Soares et al., 2017).

 With a closer look, it is possible to observe that
these effects are extensive to fruit weight, putâmen,
number of putâmens per fruit, and pulp weight, among
others. Indeed, when the variations observed in these
characteristics between mother trees are analyzed
individually through univariate analyzes, they can be
of great magnitude. On the other hand, from these
analyzes it is observed that the effects of populations
are not significant for the majority of populations (Oliveira
et al., 2009; Silva et al., 2012; Soares et al., 2017). In
this sense, the use of multivariate techniques is necessary
to confirm these observations. These techniques allow
the grouping of genotypes according to the similarities
of the observed values for the different characters
evaluated. When such genotypes come from different
populations, it is possible to evaluate if the groups
coincide with the populations, and consequently to
infer about the distribution of the genetic variability
between and within these populations.

Multivariate analysis techniques are widely-used
tools in structural analyzes of forests in phytosociological

studies, however, some researchers have been applying
these techniques for evaluating plant biomass based
on the physical and chemical characteristics of pequi
fruits (Oliveira et al., 2009; Cordeiro et al., 2013).

Thus, the study of the genetic and phenotypic
variability of the species’ populations, could contribute
to define strategies of conservation and use, such as
the use of mother trees for the fruit production systems
and use in breeding programs.

Considering the importance of the specie, this
work aimed to characterize its genetic diversity through
the physical characteristics of Caryocar brasiliense
fruits of two populations via uni and multivariate
analyzes and their implications in their domestication
and breeding.

2. MATERIAL AND METHODS

Fruits were collected from two sources in the state
of Minas Gerais: one in the municipality of Curvelo
(Experimental Farm of the Moura – UFVJM), and the
other in the municipality of São Gonçalo do Rio Preto
(State Park of Rio Preto – IEF).

The municipality of Curvelo is located in the central
region of the state (18° 45’ 23’’ S and 44° 25’ 51’’ W),
with an average annual temperature of 28°C, average
precipitation of 1126 mm and altitude of 633 m. The
municipality of São Gonçalo do Rio Preto is located
in the region of the Jequitinhonha Valley (18° 07’ 2.6’’
S and 43° 20’ 51.7’’ W), with an average annual
temperature of 19°C, average precipitation of 1300 mm
and altitude 742 m. The predominant climate in Curvelo
and São Gonçalo do Rio Preto according to the Koppen
classification are Aw and Cwb, respectively (Botezelli
et al., 2000; IEF, 2004).

The two populations are natural and considered
reproductively isolated since the approximate linear
distance between their localities is 137 km.

The fruits were collected in the months of December
and January in 2010, 2011 and 2012, at the complete
maturation stage, meaning when they were lying on
the ground.

Fruits were harvested from 20 mother trees previously
identified in the field with metal plates, nine in Curvelo
and 11 in São Gonçalo do Rio Preto in each year in
order to perform the physical evaluations. It is noteworthy
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that 15 mother trees were sampled for each site and
year. However, only 20 mother trees produced fruits
in the three consecutive years.

After the collection the fruits were stored in duly
identified plastic bags and conditioned in a refrigerator
in the Integrated Laboratory of Multiuser Research
of the Jequitinhonha and Mucuri Valleys (LIPEMVALE)
in the years 2010 and 2011, and in a freezer in the
Laboratory of Forestry and Plant Propagation (UFVJM)
in the year 2012 until the moment of the analyzes.

The physical analyzes were carried out in the years
of 2010 and 2011 in the Integrated Laboratory of Multiuser
Research of the Jequitinhonha and Mucuri Valleys
(LIPEMVALE) and in the Laboratory of Forestry and
Plant Propagation (UFVJM) in the year 2012.

The following variables were evaluated: total fruit
mass (MTF); mass of the external mesocarp (MME)
per fruit; number of putâmens (drupes) (NP) per fruit;
total mass of putâmens (MTP) per fruit; mean mass
of putâmens (MMP) per fruit; total pulp mass (MPO)
per fruit and mean pulp mass (MMPL) per fruit. For
MPO and MMPL, the fruits were manually peeled and
emptied with the help of a stainless steel knife. The
masses were obtained with the aid of a semi-analytical
digital scale.

The evaluation unit was composed of one fruit
and each mother tree was represented by ten fruits
taken at random, totaling 200 evaluations per variable
in each year (10 fruits x 20 mother tree).

The model for the joint variance analysis involving
the three years was Y

ijk
 = m + M

i
 + A

j
 + MA

ij
 + F

k/ij
,

where Y
ijk

 refers to the observation of fruit k in year
j of the mother tree i; m is the general average; M

i

refers to the effect of mother tree i, ignoring the effect
of the population; A

j
 refers to the effect of year j; MA

ij

is the interaction between mother tree i, ignoring the
population effect, and year j; and F

k/ij
 is the effect of

fruit k within mother tree i and year j.

The mean of the 10 fruits from each mother tree,
was used in each year for the multivariate analysis.
These mean values were used for cluster analysis using
two procedures: a) Euclidian distance as a measure
of dissimilarity and the Ward method for delimitation
of groups; b) Principal Component Analysis, considering
the first two extracted roots that presented the highest
eigenvalues.

3. RESULTS

In the joint variance analysis, it is observed that
the effects of mother trees within populations were
highly significant (P <1%) for all variables, whereas
those of populations were not significant. The variables
MTF, MME, NP, MTP, MMP, MTLP and MMPL of the
Curvelo population presented averages of 165.07; 130.09;
1.57; 34.98; 22.70; 15.75 and 10.25, respectively. For
these same variables the means obtained in the Rio
Preto population were 151.94; 118.16; 1.62; 33.78; 21.61;
14.76; and 9.48, respectively (Table 1).

In the hierarchical dendrograms by the Ward method
(Figure 1) constituted from the Euclidean distances
and considering the physical characteristics of fruits
of pequizeiros, basically two groups mostly constituted
of different mother trees are observed with a greater
degree of similarity in the years of 2010, 2011 and 2012,
respectively. In 2010, seven mother trees were observed
in a group, four (57%) from Curvelo and three (43%)
from Rio Preto. On the other hand, there are 13 mother
trees in the other group, with five (38%) from Curvelo
and eight (62%) from Rio Preto. In the following year
the two groups were composed of nine and 11 mother
trees, being three (33%) from Curvelo and six (67%)
from Rio Preto for the first year, and six (55%) from
Curvelo and five (45%) from Rio Preto for the second
year, respectively. In 2012, a group with six mother
trees was observed: two (33%) from Curvelo and four
(67%) from Rio Preto and another from 14, with the
same number of mother trees from each population.
The correlation coefficient of the dendrograms (r =
0.86, 0.82 and 0.85 for the years 2010, 2011 and 2012,
respectively) showed a good fit between the graphic
representation of the distances and their original matrix
(Sokal and Rohlf, 1962), which immediately shows high
reliability in the realization of inferences through the
visual evaluation of Figure 1.

The effects of the populations were not significant
for all characters analyzed alone (Table 1). There was
also no trend of mother trees clustering according to
their source populations in any of the evaluated years,
either in a cluster analysis (Figure 1) or in plot dispersion
(Figure 2). In these last two figures it is noteworthy
that in addition to not having been a grouping consistent
with the populations of origin in any year, the groupings
that occurred in each year were different from each
other.
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Estimates of the relative contributions of each
principal component variance, of cumulative relative
contributions and of the correlation between the first
principal component with each variable evaluated for
the three evaluated years are shown in Table 2.
Considering that the proportion of total variation that
is explained by the first two principal components ranged
from 79.98 to 86.49% between years (Table 2), this
proportion accounts for a considerable fraction of the
available variation and meets the requirements, which
is at least 80% for studies of divergence (Xavier et
al., 1996; Cruz et al., 2011).

The dispersion plots (Figure 2) were produced
from the first two principal components in the three
years considered (Table 2).

Still regarding Table 2, it is possible to observe
the relative importance of the evaluated characteristics
on the genetic diversity of pequizeiro mother trees,
where the largest estimates of correlations with the

first principal component are observed for MTF and
MME. This result is confirmed in Table 3, in which
the characteristics that most contributed to the genetic
divergence among mother trees were also for these
two characteristics. This finding is not surprising,  as
when the sum of the variances of MTF and MME are
computed in the original scale they correspond to 96.40;
92.06 and 93.75% of the total variances for all
characteristics for the years 2010, 2011, and 2012,
respectively (data not shown).

4. DISCUSSION

The preponderance of genetic variation within
populations in relation to variation between them is
observed in several tree species for different phenotypic
characteristics (Fernandes, 2008; Silva et al., 2012; Costa
et al., 2016; Soares et al., 2017). These observations
are also confirmed by studies carried out with the pequi
tree in regions of northern Minas Gerais, where it was
found that divergences among populations or between

Table 1 – Significance P(F) for the model effects of an analysis of variance for physical traits1 of fruits collected from
20 pequi mother trees and average values by populations, in the years 2010, 2011 and 2012, coming from populations
in nearby cities of Curvelo and S. G. do Rio Preto, MG state.

Tabela 1 – Níveis de significância P(F) para os efeitos do modelo de uma análise de variância conjunta para variáveis
físicas1 de frutos de 20 matrizes de pequizeiro e valores médios por população, avaliados nos anos de 2010,
2011 e 2012, provenientes dos municípios de Curvelo e S. G. do Rio Preto, MG.

SV DF P(F) %

Variables

MTF MME NP MTP MMP MTLP MMPL

Populations+Mother trees 19 0.00 0.00 0.51 0.01 0.00 0.01 0.00
     Populations 1 8.78 8.65 38.92 54.73 38.37 32.11 21.64

Mother trees/Populations 18 0.00 0.00 0.51 0.01 0.00 0.01 0.00
Years 2 1.36 1.04 7.44 2.28 5.83 5.18 11.29
Years x(Populations+Mother trees) 38 0.00 0.00 6.72 0.00 0.00 0.00 0.00
Amongst fruits/Mother trees 540        

Total 599    

Mean values by populations for the physical variables¹ analyzed in the years 2010, 2011 and 2012

Populations Year MTF MME NP MTP MMP MTLP MMPL

2010 155.53 126.07 1.49 29.47 20.23 12.54 8.65
Curvelo 2011 186.71 143.76 1.76 42.96 25.04 19.56 11.60

2012 152.96 120.45 1.47 32.52 22.82 15.13 10.49

Average Curvelo 165.07 130.09 1.57 34.98 22.7 15.75 10.24

2010 147.78 114.60 1.68 33.17 20.57 14.10 8.85
Rio Preto 2011 142.14 109.06 1.71 33.07 20.41 13.59 8.41

2012 126.48 95.00 1.61 31.48 20.58 13.62 8.87

Average Rio Preto 138.80 106.22 1.67 32.57 20.52 13.77 8.71

Overall average 151.94 118.16 1.62 33.78 21.61 14.76 9.48

¹MTF: total fruit mass; MME: external mesocarp mass; NP: number of putamens; MTP: total mass of putamens; MMP: mean mass of
putamens; MTPL: total pulp mass; MMPL: mean pulp mass; all evaluated in grams (g).
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Figure 1 – Clustering defined by the Ward method from Euclidean
distances, considering physical traits of fruits from
20 pequi mother trees in the years 2010, 2011
and 2012, coming from populations in nearby cities
of Curvelo and S. G. do Rio Preto, MG state. The
value of the cophenetic correlation coefficient (r)
is 0.86, 0.82 and 0.85 for the years 2010, 2011
and 2012, respectively.

Figura 1 – Agrupamento definido pelo método Ward a partir
de distâncias Euclidianas, considerando-se
características físicas de frutos de 20 matrizes de
pequizeiro nos anos de 2010, 2011 e 2012,
provenientes dos municípios de Curvelo e S. G.
do Rio Preto, MG. O valor do coeficiente de correlação
cofenética (r) é de 0,86; 0,82 e 0,85 para os anos
de 2010, 2011 e 2012, respectivamente.

groups of populations for this species are relatively
low (Melo Júnior et al., 2004; Fernandes, 2008).

Vilela (1998) reported that in the case of the pequi
tree, high gene flow and low divergence among
populations may be related to its pollination system,
which is mainly carried out by bats who fly great
distances, and also by seed dispersal which is carried
out by mammals and large birds. However, considering
the wide distance (137 km) between the two populations
in this study, the gene flow hypothesis between them
can be ruled out. The hypothesis that they came from
a single population and not a sufficiently long time
is the most plausible explanation to justify the non-
significance of its effects.

On the other hand, there are reports evidencing
the existence of genetic differences between populations.
Collevatti et al. (2001)  analyzed 10 natural populations
in a total of  C. brasiliense 314 mother trees through
microsatellites, finding a positive and significant
correlation (r = 0.518; P = 0.0396) between genetic distance
and geographic distance. However, the authors sampled
natural populations throughout the geographic
distribution of the specie. In addition, because they
are not subject to evolutionary forces and therefore
to selection, the genetic polymorphism of molecular
markers is much larger than that of phenotypic characters,
with the latter being the object of the present study.

Table 2 – Ratio of the total (Var. %) and total accumulated (Var. ac. %) variance, expressed by principal components of
seven physical traits in fruits of 20 pequi mother trees in the years 2010, 2011 and 2012, coming from populations
in nearby cities of Curvelo and SG do Rio Preto, MG state.

Tabela 2 – Estimativa da proporção da variância total (Var. %) e acumulada (Var. ac. %), determinada pelos componentes
principais de sete características físicas em frutos de 20 matrizes de pequizeiro avaliadas nos anos de 2010, 2011
e 2012, provenientes dos municípios de Curvelo e S. G. do Rio Preto, ambos de MG.

Principal Var. (%) Var. ac. (%) Var. (%) Var. ac. (%) Var. (%) Var. ac. (%)
Component                   2010                  2011                   2012

1 50.92 50.92 64.69 64.69 56.67 56.67
2 34.19 85.11 21.80 86.49 23.31 79.98
3 13.10 98.21 11.50 97.99 18.48 98.46
4 1.37 99.58 1.75 99.74 1.32 99.78
5 0.39 99.97 0.24 99.98 0.21 99.99
6 0.02 99.99 0.02 100.00 0.01 100.00
7 0.01 100.00 0.00 100.00 0.00 100.00

Estimates of the correlations between the first principal component and each of the variables1

Year MTF MME NP MTP MMP MTPL MMPL

2010 0.9967 0.9930 0.4830 0.3899 0.0610 0.2627 0.0406
2011 0.9981 0.9808 0.3768 0.6820 0.4985 0.6533 0.4540
2012 0.9951 0.9864 -0.0663 0.3471 0.3819 0.3079 0.3507

1Estimates of correlations using non-standardized data.
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Finally, the geographical diversity represented
herein not only by the distance between the locations,
but also for their edaphic and climatic characteristics,
does not imply genetic diversity among populations,
and in many cases there is no relationship between
these (Cruz et al., 2012).

From the point of view of genetic improvement,
the genetic variability that really matters is that referring
to the phenotypic characters, especially those of
economic importance. In this sense, and given the
importance of the characteristics in question for
consumers, a selection program for the species should
focus efforts on obtaining fewer populations with a
larger number of individuals per population. In turn,
this also helps to preserve it, since the incorporation
of Cerrado areas into Brazilian agriculture and the extent
to which extractivist forms such as the pequizeiro have
been exploited pose a major threat to the survival of
this specie.

In a context involving several characteristics, the
contribution of each is hardly the same for genetic
divergence (Singh, 1981). On the other hand, the weight
assigned to each characteristic for selection should
not be the same in a breeding program (Cruz et al.,
2011). The ideal situation would then be the one in
which the most important characteristic was also the
one that most contributed to the divergence.

Among the evaluated characteristics, the most
important for the consumer is the total pulp weight
(MTPL), which in considering the evaluated mother
trees, presented low contribution to the genetic divergence
of the populations in both environments and in three
years of observation (Table 3). However, this does
not imply that the genetic variability for such a
characteristic is also low, since such contribution to
divergence is relative to the other characteristics. Proof
of this is the significance of the mother trees effect
within populations for such characteristics (Table 1),
as well as the 51% estimate found for the repeatability
of this characteristic in these same mother trees and
years (Soares et al., 2017).

It is also worth mentioning that the easiest
evaluation among those considered is MTF and that
the estimates of correlations between MTF and MTPL
were 0.3358, 0.6923, and 0.3949 for the years 2010, 2011,
and 2012, respectively (data not shown). This means
that in selecting mother trees for the implantation of

Figure 2– Scatter plots considering the first two main
principal components, considering physical traits
of fruits from 20 pequi mother trees in the years
2010, 2011 and 2012, coming from populations
in nearby cities of Curvelo and S. G. do Rio Preto,
MG state.

Figura 2 –  Gráficos de dispersão considerando-se os dois
primeiros componentes principais, estimados
a partir de características físicas de frutos de
pequizeiro nos anos de 2010, 2011 e 2012
provenientes dos municípios de Curvelo e S.
G. do Rio Preto, MG.
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progeny tests, only evaluating the weight of its fruits
is already a justifiable strategy.

5. CONCLUSION

The grouping of pequi mother trees originating
from two populations geographically isolated from each
other by considering characteristic evaluated in their
fruits, does not correspond to the grouping established
by the populations.

Projects for selection and preservation of the species
should concentrate efforts to obtain fewer populations
with higher numbers of individuals per population.

For implementing a progeny test for breeding
purposes, selecting mother trees with the greatest fruits
is justified, and among them those fruits which have
thicker pulp, even if such evaluations are only visual.
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