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ABSTRACT – The aim of this study was to estimate the effects of populations and mother trees over some 
characteristics on pequi (Caryocar brasiliense Camb.) fruits as well as their repeatability coefficient.  Data 
came from two populations with 15 mother trees each, covering three years. The following physical and 
chemical characteristics were evaluated: total fruit weight; external mesocarp weight; number of putamens 
per fruit; total weight of putamens; total and average pulp weight; and proportion of the weight of lipids and 
proteins in relation to pulp weight. Analysis of variance was performed using a nested design model. The 
effects of mother trees within populations were highly significant for all variables under study, while the 
effects of populations were not for any characteristic, showing that for populations and mother trees, efforts 
must be focused on the number of mother trees per population rather than on populations. The estimated 
repeatability coefficients showed high genetic control for total fruit weight; external mesocarp weight; 
average weight of putamens; average pulp weight; and proportion of the weight of lipids in relation to pulp 
weight. Therefore, the expression of these characteristics on descendants, by cloning selected mother trees, 
is likely to be effective.
Index terms: Caryocar brasiliense, repeatability coefficient, mother trees.

REPETIBILIDADE DE CARACTERÍSTICAS FÍSICAS E QUÍMICAS
 EM FRUTOS DE PEQUI

RESUMO – O objetivo deste trabalho foi estimar os efeitos de populações, matrizes e do coeficiente de 
repetibilidade em frutos de pequizeiro (Caryocar brasiliense Camb.). Foram coletados dados de duas 
populações, por três anos consecutivos, das seguintes características: massa massa total do fruto; massa do 
mesocarpo externo; número de putâmens por fruto; massa total e média de putâmens; massa total e média 
da polpa; e a proporção da massa de lipídeos e proteínas em relação à massa total da polpa. A análise de 
variância foi feita usando-se um modelo de classificação hierárquica. Os efeitos de matrizes dentro de 
populações foram altamente significativos para todas as características estudadas, ao passo que os efeitos 
destas populações não o foram para nenhuma característica, evidenciando que no dimensionamento de testes 
de populações e progênies, deve-se optar pelo maior número de matrizes por população em detrimento do 
número de populações. As estimativas de repetibilidade encontradas permitem inferir um alto controle genético 
para as características massa total do fruto; massa do mesocarpo externo; massa média de putâmens; massa 
média da polpa; e teor de lipídeos e, portanto, uma maior probabilidade de expressão destas características 
nos descendentes clonais de matrizes selecionadas.
Termos para indexação: Caryocar brasiliense, coeficiente de repetibilidade, matrizes.
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INTRODUCTION

	 Pequi (Caryocar spp. - Caryocaraceae) is 
a plant native to the Savanna and Amazon biomes, 
whose fruit is rich in oil and appreciated by the 
population living in these ecosystems (SILVA et al., 
2001a). In addition, its pulp is a source of protein, 
vitamins and minerals, which makes its consumption 
in the elaboration of typical dishes, oil, liquor, 
and cosmetics more expressive (RIBEIRO, 2000; 
ANGELO et al., 2012). It stands out as a tree of 
multiple utilities, provides the maintenance of the 
extractive activity, is a temporary opportunity to offer 
food and income supplementation to populations 
living in these biomes, and it is mainly cultivated in 
northern Minas Gerais, northern and northeastern 
Goiás and southern and southeastern Tocantins 
(NAVES et al., 2010).

The effect of populations and mother trees 
on variations of characteristics such as fruit size and 
pulp thickness is popularly known by people living 
with the species. Researchers aimed at the genetic 
breeding of Pequi, attentive to the observations 
of these communities, perceive their preference 
for certain mother trees, whose fruits show some 
qualities, especially pulp thickness and flavor. This 
common sense leads to the perception that these 
effects are extensive to the weight of fruits, putamens, 
number of putamens per fruit, pulp weight, among 
others. Silva et al., (2012) reports the importance of 
studies of these effects on these characteristics for 
the validation of the selection of mother trees aiming 
at the production of seedlings and, ultimately, in the 
breeding and / or domestication of the species.

 Another aspect that cannot be disregarded in 
perennial species is that the features under selection 
can be expressed several times during the life span 
of the individual. Thus, successive evaluations 
of such features are commonly performed for the 
improvement of the selection efficiency, from the 
estimation of an individual’s ability to repeat the 
expression of a given feature over time. This capacity 
is called repeatability coefficient and the higher the 
coefficient, the smaller the number of evaluations 
needed to predict the individual’s actual value 
(OLIVEIRA AND MOURA, 2010).

 Therefore, repeatability estimates are very 
important for researchers working with such species. 
In addition, this coefficient represents the upper 
limit of heritability in the broad sense for a given 
feature (FALCONER, 1987; CRUZ & REGAZZI, 
1994; CRUZ & REGAZZI, 2001). The implication 
of this latter assertion is the inevitable inference that 

if a given feature has high repeatability, it should 
also have high heritability. Therefore, although no 
information is available in this sense in literature, it 
is expected that there is a high correlation between 
repeatability and heritability in the broad sense. 
It should be emphasized that repeatability can be 
estimated from natural populations or even from 
nonclonal commercial crops, that is, produced 
from seeds harvested in several mother trees of 
the latter. This is the reason why repeatability 
has been estimated in fruit species, without the 
structure of experimental designs, such as coconut 
(SIQUEIRA, 1982), cupuaçu (FONSECA et al., 
1990), cashew (CAVALCANTI at al.,1999), and 
acerola (GONZAGA NETO et al., 1999; PAIVA et 
al., 2001; LOPES et al., 2001). In clonal tests with 
repetition and several evaluations, it is possible to 
estimate both repeatability and heritability in the 
broad sense, allowing the comparison between the 
estimates of these two parameters (RESENDE, 
2002), but such experiments are not commonly 
reported in literature.

The aim of this study was to estimate the 
effects of populations and mother trees as well as the 
repeatability coefficient for physical and chemical 
characteristics of pequi fruits (Caryocar brasiliense 
Camb.) of two geographically isolated populations.

MATERIAL AND METHODS

Analyses were carried out on fruits col-
lected at Fazenda Experimental do Moura - UFVJM, 
municipality of Curvelo, and at the State Park of 
Rio Preto - IEF, municipality of São Gonçalo do 
Rio Preto, both in the State of Minas Gerais. The 
collection site in the municipality of Curvelo has 
coordinates 18 ° 49 ‘25.07 “S and 44 ° 24’ 12.82” W 
and 700 m  a.s.l. (Google Earth, 2015) and average 
annual temperature of 28°C. The collection site in 
the municipality of São Gonçalo do Rio Preto has 
coordinates 18°6 ‘58.37 “S and 43° 20’ 40.61” W 
and 800 m a.s.l. (Google Earth, 2015) and average 
annual temperature of 19°C. Both populations are 
natural and can be considered reproductively iso-
lated, since the distance in a straight line between 
localities, considering these coordinates, is 137 km.

Fruits were collected in the months of January 
2010, 2011 and 2012, in a stage of complete matura-
tion, that is, when fruits were lying on the ground, 
and then packed in a freezer until moment of analysis.

Fruits were harvested from 30 previously 
identified mother trees, 15 from each site in each year 
for the physical evaluations and, due to technical and 
cost limitations, fruits of ten of these mother trees 
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were considered for the chemical evaluations, five 
of each municipality.

The physical characteristics analyzed were: 
total fruit weight (MTF); weight of the external 
mesocarp (MME); number of putamens per fruit 
(NP); total weight of putamens (MTP); mean weight 
of putamens (MMP); total pulp weight (MTPL) and 
average pulp weight (MMPL) - evaluated in grams. 
For statistical analyses, each evaluation unit (plot) 
was composed of one fruit and each mother tree was 
represented by ten fruits taken at random, totaling 
300 (10 evaluations per mother tree x 30 mother 
trees per year) evaluations per characteristic per year.

The chemical characteristics analyzed 
included quantification of total lipids and proteins by 
means of the evaluation of previously dehumidified 
and crushed fruit pulp. Fruits were peeled and hand 
pulped with the help of a stainless steel knife and 
the pulp was kept frozen until moment of analyses.

Due to technical difficulties (limitation of 
equipment, time, reagents and costs), it was not 
possible to evaluate the same number of fruits per 
mother tree and mother trees per population that 
were evaluated for the physical characteristics. 
Each mother tree was represented by three random 
sub-samples of three fruits each, and observation for 
each sub-sample was the average of three evaluations 
(triplicate), totaling 90 evaluations (three evaluations 
per sample x three samples per mother tree x 10 
mother trees per year) per characteristic per year. 
The option for three samples of three fruits each 
instead of simply three fruits per mother tree is ​​
justified since the first option represents the mother 
tree better. In addition, the variation among three 
samples composed of three fruits each is smaller than 
the variation among three samples composed of one 
fruit each, increasing the power of the F test for the 
effects of mother trees within populations.

The dehumidification of samples was carried 
out using the method of drying in oven with forced 
air circulation at temperature of 65 ° C until obtaining 
constant weight (AOAC, 2005). Lipids, or ethereal 
extract, were determined by the gravimetric method 
through exhaustive leaching using ethyl ether in a 
Soxhlet extractor (AOAC, 2005). Total nitrogen, or 
crude protein, was obtained through the Kjeldahl 
semimicro method (AOAC, 2005), where fat-free 
samples were used and 6.25 factor in the calculation 
of conversion of nitrogen into protein.

  The analyses, for each year, followed a 
hierarchical classification based on the model: Yijk = 
m + Pi + Mj/i + Fk/ji, where: Yijk refers to the observation 
of fruit kt within mother tree j within population i; 
m = general average; Pi = effect of population i; Mj/i 

= effect of mother tree j within population i; and Fk/

ji is the effect of fruit k within mother tree j within 
population i (DIAS & BARROS, 2009).

 In the analysis of the combined variance 
involving the three years, only the 20 mother trees 
common to the three years were considered, nine 
from Curvelo and 11 from São Gonçalo do Rio Preto 
for the physical characteristics, and eight mother 
trees, four from each population for the chemical 
characteristics. The model for this analysis was 
Yijk = m + (M+P)i + Aj + (M+P)Aij + Fk/ij where Yijk 
refers to the observation of fruit k of year j of mother 
tree i, including the effect of population; m is the 
general average; Aj refers to year j; (M + P) Aij is 
the interaction between mother tree i, including the 
effect of population, and year j; and Fk/ij is the effect 
of fruit k on environment j of mother tree i, including 
the effect of population (DIAS & BARROS, 2009).

The degrees of freedom and respective sums 
of squares for the effect (M + P) Aij were orthogonally 
decomposed into their components: Populations 
and Mother trees within populations and the latter 
in mother trees within Rio Preto and mother trees 
within Curvelo (Table 1 ).

The repeatability coefficient (R) was estimated 
from the mean squares (Table 1), as follows:

were RC, RRP and R refer to the repeatability 
coefficient for Curvelo, Rio Preto and combination, 
respectively; and V m / C, V m / RP and V m / P refer to 
the mother tree variance of Curvelo, Rio Preto and 
populations. For the estimation of the determination 
coefficient (R2) that is equivalent to the repeatability 
of the mean, Vet (Variance of the temporary error) 
was divided by the number of years (3 years) in each 
of the previous expressions (CRUZ & REGAZZI, 
2001).

RESULTS AND DISCUSSION
Physical characteristics
The effect of population was not significant 

for any characteristic. For all other characteristics, 
all effects were significant (p <0.05), except for the 
effect of years x population + mother trees interaction 
on the NP characteristic (Table 02). In tree species, 
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it is not uncommon to find greater genetic variation 
within the population than among populations (YUN 
et al 1998, AAGAARD ​​et al., 1998). For the species 
under study, the low divergence among populations 
should be due to the high gene flow among them 
due to the pollination system of the species 
(VILELA, 1998; MELO JR et al., 2004), which is 
mainly performed by bats (GRIBEL & HAY, 1993), 
whose flight reaches great distances, and also to the 
dispersion of seeds that is carried out by great birds 
and some mammals. What we currently consider 
as isolated populations would be the result of the 
fragmentation of a single large population not long 
enough to cause divergences between them.

The average values for the physical 
characteristics of mother trees evaluated in years 
2010, 2011 and 2012 in both populations are shown 
in Table 03. For total fruit weight (g), the results of 
this work were similar to those of Silva et al., (2001b) 
for pequi fruits of the Federal District region, with 
results between 100 g and 300 g, and higher than 
those reported by Rodrigues et al., (2009), which 
recorded a final mean value of 109 g, evaluating 
the development of pequi fruits in southern Minas 
Gerais.

As for the weight (g) of the external mesocarp 
(MME), the mean values among mother trees (Table 
03) are similar to values ​​of Alves et al., (2014), who 
found fruits weighing between 53.8 and 343.9 g, 
with average value of 144.9 g, in the state of Minas 
Gerais. Considered as a residue, pequi skin (external 
mesocarp) is usually discarded, but it can serve 
as feed for grazing ruminants and used as bran in 
mixtures with silage and, or, replacement of elephant 
grass (GERASEEV et al., 2011). Its thicker and 
yellowish-white layer has high fiber content, which 
when used for the confection of flour and added in 
different food formulations, adds nutritional and 
economic value to this fruit (SOARES JÚNIOR et 
al., 2009).

 In relation to the number of putamen (NP), 
the mean values per mother tree (Table 03) are similar 
to data reported by Alves et al., (2014), who verified 
mean values ​​of 1.3 for pequis from Minas Gerais and 
Tocantins and 1.5 for pequis from Goiás. Vera et al. 
(2007) observed higher incidence of fruits with only 
one developed putamen. In addition to the pulp, a 
greater amount of putamens per fruit makes it more 
attractive due to the greater number of almonds, 
commonly used for fresh fruit consumption and in 
the manufacture of flour, oil, among others.

  As for the average weight (g) of putamens 
(MMP), Vera et al. (2007) observed mean value of 
11.46 g for the region of Mambaí and 13.80 g for 

the region of Araguapaz, state of Goiás, values ​​close 
to the minimum average, but well below the upper 
average found (Table 03). In relation to the total 
weight of putamens (MTP), Corrêa et al. (2008) 
reported higher values ​​ranging from 32.49 g to 
138.37 g and with mean value of 81.05 g.

 The results for total pulp weight (MTPL), a 
highly valued characteristic (Table 3), were close to 
those reported by Da Luz et al., (2011), who found 
mean value of 14.3 g, minimum value of 3.5 g and 
maximum value of 31.4 g, for pequis from the state 
of Minas Gerais, while for the average pulp weight 
(MMPL) (Table 03), the values ​​were within those 
reported by Vera et al. (2005), who observed mean 
pulp weight of 7.26 g in the state of Goiás (Table 
2). In selection programs, fruits with a higher total 
pulp weight are more desired than those with higher 
average pulp weight per putamen (Silva et al., 2012).

 Another remarkable aspect is the magnitude 
of variation observed among mother trees for the 
characteristics under study. The lowest amplitude 
(difference between the highest and the lowest mean) 
was 44% for NP characteristic and the highest was 
169% for the MME characteristic for the population 
of Curvelo (Table 3). For the population of Rio Preto, 
the lowest amplitude observed was also for NP (53%) 
and the largest (281%) was for MTPL (Table 03). 
These magnitudes of variation practically do not 
change when considering all mother trees as a single 
population (Table 3), which was expected since, as 
previously discussed, the effects of populations were 
not significant for any characteristic, i.e., most of 
the variation observed is among mother trees within 
populations.

The estimates of the repeatability (R) and 
determination coefficients (R²) for the physical 
characteristics evaluated are shown in Table 04. R 
estimates above 0.6 for MTF in Curvelo; MME in 
Curvelo and combination; MMP in Curvelo, Rio 
Preto and combination and MMPL in Rio Preto 
and combination were observed. Except for NP in 
Curvelo where R <0.3, R estimates for the remaining 
characteristics were between 0.3 and 0.6.

 The classification of these estimates within 
such limits is in agreement with considerations made 
by Resende (2002), which considers R estimates 
higher than 0.60 as high; between 0.30 and 0.60 as 
intermediate and below 0.30 as low. On the other 
hand, considering that repeatability expresses the 
maximum heritability value in the broad sense and 
that the latter reflects the genetic control of the feature 
(CRUZ; REGAZZI, 2001), one can make inferences 
regarding the genetic control of these characteristics 
from estimates of their repeatability.
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Repeatability has been used in several species 
in order to increase the efficiency of selection 
methods. Resende (2002), Costa et al. (1997), in a 
study with Cupuaçu fruits, found repeatability values ​​
of 0.77 for fruit weight and Fonseca et al., (1990) 
also with Cupuaçu fruits, reported repeatability of 
0.61 for pulp weight; 0.58 for skin weight; and 0.56 
for total fruit weight.

With respect to R², it is observed that its 
relative increase in relation to repeatability is 
greater for characteristics where repeatability is 
smaller (Table 04). This is natural since in the 
expression for R², the variance of the temporary 
error is divided by the number of measurements, 
asymptotically approaching the unit when the number 
of measurements is increased.

 Through estimates of the number of 
assessments required for R² of 80%, which is 
considered adequate according to Resende (2002), 
it was observed that the number of evaluations 
performed in this work (three years) was sufficient 
for the three characteristics in Curvelo (MTP, MMP, 
MTPL and MMPL) and four in combination (MTF, 
MME, MMP and MMPL), which shows regularity 
in the prediction of individuals from one cycle to 
another (Table 04). On the other hand, for almost all 
the characteristics, except for NP in Curvelo, seven 
evaluations (ranging from 0.7 to 7.1) were sufficient 
to have R² of 80%.

 The comparison among estimates given in 
Table 03 (particularly the variation magnitude) and 
Table 04 (R, R2, and m) is worth highlighting. It is 
naturally expected that characteristics that present 
greater variation magnitude among mother trees 
should correspond to those with greater repeatability 
and determination and, consequently, require lower 
number of measurements to reach a predetermined 
determination, in this work, 80%. This trend can be 
observed in these tables, where the estimate of m 
for NP was the highest in combination (Table 04) 
and the variation magnitude was the lowest in both 
populations and in combination (Table 03).

On the other hand, considering that 
repeatability is the upper limit of heritability in the 
broad sense, the first parameter can be used in an 
initial phase as a reference for the selection of mother 
trees in the field since it reflects the genetic control 
of the feature (CRUZ; REGAZZI, 2001). For clonal 
plantings, particularly for characteristics whose 
repeatability estimates are greater than 60%, greater 
probability that the expression of these characteristics 
are repeated in the offspring is expected.

Chemical Characteristics
Except for populations, all effects were 

significant (P <0.01) for both lipids and proteins 
(Table 05). Therefore, the same observations made 
for the physical characteristics are valid for the 
chemical characteristics where, in arboreal species, 
the greatest genetic variation is found within 
populations (YUN et al., 1998; AAGAARD ​​et al., 
1998).

The average values of the chemical 
characteristics of mother trees evaluated in the 
years 2010, 2011 and 2012 in both populations are 
shown in Table 06. Estimates for lipids expressed 
in fresh matter in the averages of the three years 
of evaluation were slightly above data reported by 
Oliveira et al. (2010), who found average value of 
around 23%, and also to those of Vera et al. (2007), 
who obtained results from 14.8% to 22.5% in two 
regions. However, Vera et al., (2007) observed a 
significant effect (p <0.05) among populations of 
their study, Mambaí and Araguapaz, in the state of 
Goiás.

The protein values ​​expressed in fresh matter, 
in the average of the three years of study (Table 
06), are in agreement with data of Ramos & Souza 
(2011), who observed for two populations 3.57% in 
pequi fruits (Caryocar coriaceum Wittm). Similar 
results in Caryocar brasiliense Camb. were also 
obtained by Lima et al., (2007). Vera et al., (2007) 
found very close values, mean of 3.89% and 3.18%, 
observing, however, significant effect (p <0.05) 
for the populations under study. It is noteworthy 
that the relative magnitude of variation observed 
for these characteristics when considering the set, 
where lipid content varied from 19.16% to 39.45% 
and that of proteins from 2.26% to 3.62%, with 
relative magnitudes of 106% and 60%, respectively 
(Table 06).

In relation to the estimates of the repeatability 
(R) and determination coefficients (R²), it was 
observed that for lipids, the repeatability estimates 
are around 60% (Table 07), and all three evaluations 
were sufficient to reach determination of 80% (Table 
07). However, the protein characteristic showed 
repeatability below 30% for both sites and for the 
combination (Table 07), requiring more than ten 
evaluations to reach 80% determination (Table 07).

The estimate of the repeatability coefficient 
of the lipid characteristic demonstrates regularity 
in the prediction of individuals from one cycle to 
another, indicating that this characteristic can be used 
in the phenotypic selection of pequi tree genotypes. 
However, the protein characteristic did not show the 
same behavior, where greater number of evaluations 
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is necessary to estimate the actual value, considering 
the same precision level.

Recalling that repeatability reflects the genetic 
control of a characteristic (CRUZ; REGAZZI, 2001) 
and that R estimates above 0.60 are considered 
high (Resende, 2002), the same inferences raised 

for the physical characteristics can be made for the 
chemical characteristics (Tables 06 and 07), that is, 
greater probability that the expression of the lipid 
characteristic will be repeated in the offspring by 
vegetative propagation of selected mother trees is 
expected.

TABLE 1- Combined variance analysis for physical and chemical characteristics of pequi fruits collected 
in mother trees of two populations (São Gonçalo do Rio Preto and Curvelo, MG) for three 
consecutive years, 2010, 2011 and 2012

SV DF
(Physical C.)

DF
(Chemical 

C.)
MS

Expectes 
value

 of MS
Populations + Mother trees 19 7
Populations 1 1
Mother trees / Populations 18 6 MSm/P Vet + 3Vm/P

Mother trees /Curvelo 8 3 MSm/C Vet + 3Vm/C

Mother trees /R. Preto 10 3 MSm/RP Vet + 3Vm/RP

Years 2 2
Years x (Populations + Mother trees) 38 14 MSet Vet

Among fruits/ Mother trees 540 48
Total 599 71

MSm/P: Mean square of mother trees / populations; MSm/C: Mean square of matrices / Curvelo; MSm/RP: Mean square of mother trees 
/ Rio Preto; MSet: Mean square of the temporary error; Vet: Variance of the temporary error; Vm/P: mother tree variance / population; 
Vm/C: mother tree variance / Curvelo; Vm/RP: mother tree variance / Rio Preto.

TABLE 2- Combined variance analysis for physical characteristics¹ and their respective probabilities 
of significance P (F) for pequi fruits (Caryocar brasiliense Camb.) evaluated in the years 
2010, 2011 and 2012, harvested in mother trees from the municipalities of Curvelo (Fazenda 
Experimental do Moura -UFVJM) and São Gonçalo do Rio Preto (State Park of Rio Preto - 
IEF), Minas Gerais

SV DF
P(F) %

Characteristics
MTF MME NP MTP MMP MTPL MMPL

Populations + Mother trees 19 0.00 0.00 0.00 0.00 0.00 0.00 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 0.00 0.00 0.00 0.00 0.00
Mother trees /Curvelo 8 0.00 0.00 1.55 0.00 0.00 0.00 0.00
Mother trees /R. Preto 10 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Years 2 0.00 0.00 2.19 0.00 0.00 0.00 0.00
Years x (Populations + Mother trees) 38 0.00 0.00 6.72 0.00 0.00 0.00 0.00
Among fruits/ Mother trees 540
Total 599
¹ MTF: total fruit weight (g); weight of the external mesocarp (g); NP: number of putamens (g); MTP: total weight 
of putamens (g); MMP: mean weight of putamens (g); MTPL: total pulp weight (g); MMPL: mean pulp weight (g). 
Variation coefficients were estimated considering QM(among fruits/mother trees) and the general average for both populations in 
the three years of evaluation.
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TABLE 3 - Estimates of averages for physical characteristics¹ for pequi fruits (Caryocar brasiliense Camb.) 
evaluated in the years 2010, 2011 and 2012, harvested in mother trees from the municipalities 
of Curvelo (Fazenda Experimental do Moura -UFVJM) and São Gonçalo do Rio Preto (State 
Park of Rio Preto - IEF), Minas Gerais.

Population Mother tree MTF MME NP MTP MMP MTPL MMPL

Curvelo 1 116.30 74.21 1.63 42.09 26.37 20.79 13.04

Curvelo 4 133.48 96.61 1.83 36.87 20.07 14.73 8.11

Curvelo 6 174.98 148.38 1.27 26.60 21.58 10.49 8.51

Curvelo 8 157.92 129.69 1.37 28.24 20.78 14.44 10.62

Curvelo 11 145.78 115.18 1.47 30.60 21.28 14.71 10.18

Curvelo 17 215.48 173.53 1.53 41.95 27.13 19.90 12.81

Curvelo N02 154.01 115.81 1.50 38.20 25.97 17.26 11.62

Curvelo N03 144.52 117.73 1.73 26.80 15.76 11.56 6.87

Curvelo N05 243.15 199.68 1.80 43.47 25.33 17.84 10.41

Mean Curvelo 165.07 130.09 1.57 34.98 22.70 15.75 10.24

Mag. of char. Curvelo 126.85 125.47 0.56 16.87 11.37 10.30 6.17

Rio Preto 151 181.03 125.33 1.90 55.71 30.08 26.02 14.18

Rio Preto 167 156.22 126.68 2.00 29.54 15.59 11.56 6.17

Rio Preto 168 155.47 128.19 2.03 27.29 13.63 12.65 6.34

Rio Preto 172 127.97 95.67 1.97 32.30 17.02 13.60 7.24

Rio Preto 174 155.67 124.50 1.73 31.17 18.91 11.80 7.11

Rio Preto N151 146.66 102.80 1.37 43.86 32.69 18.26 13.67

Rio Preto N154 147.69 118.96 1.33 28.73 22.76 12.81 10.29

Rio Preto N156 100.69 83.68 1.37 17.01 12.85 6.83 5.08

Rio Preto N158 109.24 81.56 1.67 27.68 16.53 12.04 7.29

Rio Preto N159 128.77 95.71 1.53 33.06 22.30 11.84 8.06

Rio Preto N160 117.36 85.39 1.43 31.97 23.35 14.04 10.35

Média Rio Preto 138.80 106.22 1.67 32.57 20.52 13.77 8.71

Mag. of char. Rio Preto 80.34 46.63 0.70 38.70 19.84 19.19 2.79

Mag. of char. total 142.46 125.47 0.76 38.7 19.84 19.19 9.1

DMS 40.28 29.43 0.62 12.29 3.40 5.43 1.72

¹MTF: total fruit weight (g); Weight of the external mesocarp (g); NP: number of putamens (g); MTP: total weight of putamens (g); 
MMP: mean weight of putamens (g); MTPL: total pulp weight (g); MMPL: mean pulp weight (g).
DMS (minimum significant difference) (Tukey 5% significance): refers to DMS for multiple comparisons among mother trees for the 
two populations.
Mag. of char. (magnitude of characteristics): refers to the difference between the maximum and minimum values ​​for the characteristic.
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TABLE 4- Estimates of the repeatability (R) and determination coefficients (R²) and number of evaluations 
required (m) for a 80% determination (R²) estimated based on the repeatability for physical 
characteristics¹ evaluated in the years 2010, 2011 and 2012, in pequi fruits (Caryocar brasil-
iense Camb.) originating from mother trees from the municipalities of Curvelo (Fazenda 
Experimental do Moura -UFVJM) and São Gonçalo do Rio Preto (State Park of Rio Preto 
- IEF), Minas Gerais

Characteristics
Curvelo Rio Preto Combination

R(%) R²(%) m R(%) R²(%) m R(%) R²(%) m

MTF 71.0 88.0 1.6 39.5 66.2 6.1 59.2 81.3 2.8

MME 79.9 92.3 1.0 41.0 67.6 5.8 68.3 86.6 1.9

NP 19.5 42.1 16.5 45.0 71.1 4.9 36.0 62.8 7.1

MTP 36.2 63.0 7.1 59.9 81.8 2.7 52.0 76.5 3.7

MMP 62.4 83.3 2.4 84.6 94.3 0.7 79.3 92.0 1.1

MTPL 36.5 63.3 7.0 58.5 80.9 2.8 51.0 75.7 3.9

MMPL 55.5 78.9 3.2 74.7 89.9 1.4 68.7 86.8 1.8

¹ MTF: total fruit weight (g); Weight of the external mesocarp (g); NP: number of putamens (g); MTP: total weight of putamens (g); 
MMP: mean weight of putamens (g); MTPL: total pulp weight (g); MMPL: mean pulp weight (g).

TABLE 5-Analysis of the variance of chemical characteristics and their respective probabilities of significance 
P (F) for pequi fruits (Caryocar brasiliense Camb.) evaluated in the years 2010, 2011 and 
2012, harvested in mother trees from the municipalities of Curvelo (Fazenda Experimental do 
Moura -UFVJM) and São Gonçalo do Rio Preto (State Park of Rio Preto - IEF), Minas Gerais

SV DF
P(F) %

Characteristics
Lipids Proteins

Populations + Mother trees 7 0.00 0.00
Populations 1 30.91 7.03
Mother trees / Populations 6 0.00 0.00
Mother trees /Curvelo 3 0.00 0.01
Mother trees /R. Preto 3 0.00 0.05
Years 2 0.00 0.00
Years x (Populations + Mother trees) 14 0.01 0.03
Among fruits/ Mother trees 48
Total 71

Variation coefficients were estimated considering MS (among fruits/mother trees) and the general average for the two populations in the three 
years of evaluation.
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TABLE 6 -  Estimates of averages for chemical characteristics¹ for pequi fruits (Caryocar brasiliense Camb.) 
evaluated in the years 2010, 2011 and 2012, harvested in mother trees from the municipalities 
of Curvelo (Fazenda Experimental do Moura -UFVJM) and São Gonçalo do Rio Preto (State 
Park of Rio Preto - IEF), Minas Gerais

Population Mother tree Lipids (%) Proteins (%)

Curvelo 6 27.14 3.07
Curvelo 11 26.78 3.62
Curvelo 17 39.45 2.73
Curvelo N05 26.74 3.36
Mean Curvelo 30.03 3.19
Mag. of char. Curvelo 12.71 0.89
Rio Preto 151 22.04 2.57
Rio Preto 172 19.16 2.26
Rio Preto 174 29.62 2.70
Rio Preto N151 30.56 3.04
Mean Rio Preto 25.35 2.64
Mag. of char Rio Preto 11.4 0.78
Mag. of char total 20.29 1.36
DMS 3.65 0.43

¹ Data expressed as fresh matter.
DMS (minimum significant difference) (Tukey 5% significance): refers to DMS for multiple comparisons among mother trees 
within each population.
Mag. of char. (magnitude of characteristic): refers to the difference between the maximum and minimum value for the characteristic.

TABLE 7 - Estimates of the repeatability (R), determination coefficients (R²) and number of evaluations 
required (m) for a 80% determination (R²) estimated based on the repeatability for physical 
characteristics¹ evaluated in the years 2010, 2011 and 2012, in pequi fruits (Caryocar brasil-
iense Camb.) originating from mother trees from the municipalities of Curvelo (Fazenda 
Experimental do Moura -UFVJM) and São Gonçalo do Rio Preto (State Park of Rio Preto 
- IEF), Minas Gerais.

Characteristics
Curvelo Rio Preto Combination

R(%) R²(%) m R(%) R²(%) m R(%) R²(%) m
Lipids 63.1 83.7 2.3 56.5 79.6 3.1 60.1 81.9 2.7
Proteins 27.6 53.3 10.5 14.8 34.2 23.1 21.7 45.4 14.4
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CONCLUSIONS
The effects of mother trees within populations 

were highly significant for all characteristics studied, 
whereas the effects of these populations were not for 
any characteristic, evidencing that in the sizing of 
tests of populations and progenies, larger number of 
mother trees per population to the detriment of the 
number of populations should be selected.

The repeatability estimates found allow 
inferring a high genetic control for characteristics 
total fruit weight; weight of the external mesocarp; 
average weight of putamens; average pulp weight; 
and lipid content and, therefore, greater probability 
of Aexpression of these characteristics in the clonal 
descendants of selected mother trees.
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