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ABSTRACT — Genetic and phenotypic parameters of fork (BIF), stem form (RET) and diameter at breast
height (DBH) for Dipteryx alata provenances and progenies were assessed. The trial was lead in a randomized
block design, with 43 treatments (26 and 17 progenies from the municipalities of Trés Lagoas and Brasilia
in the state of Mato Grosso do Sul and Distrito Federal, Brazil, respectively) and five plants per plot. The
spacing between plants was 3 x 3 meters. The data analysis was performed using the REML/BLUP method
(restricted maximum likelihood best linear unbiased prediction). Significant differences were detected between
progenies only for DBH. The individual genetic values ranged from 3.7 to 21.7 % for BIF and DBH; genetic
variation among progenies ranged from 9 to 10.5 % for BIF and DBH among provenances. Individual heritability
in the strict sense was high for DBH (minimum from 0.31), revealing the potential for genetic improvement.
Provenance and progenies trial showed genetic variability which can be exploited in forest improvement programs
with a broad genetic base.

Keywords: Tropical trees; Ex situ conservation; Quantitative genetics.

VARIACAO GENETICA E TAMANHO EFETIVO POPULACIONAL EM
PROGENIES DE DIPTERYX ALATA EM PEDERNEIRAS, SAO PAULO, BRASIL

RESUMO — Foram avaliados os parametros genéticos e fenotipicos da bifurcagdo (BIF), forma do fuste (RET)
e diametro a altura do peito (DAP) para as procedéncias e progénies de Dipteryx alata. O experimento foi
instalado em delineamento em blocos ao acaso, com 43 tratamentos (26 e 17 progénies dos municipios
de Trés Lagoas e Brasilia no Estado de Mato Grosso do Sul e Distrito Federal, respectivamente) e cinco
plantas por parcela. O espacamento entre plantas foi de 3 x 3 metros. A analise dos dados foi realizada
pelo método REML / BLUP (mdxima verossimilhanga restrita melhor predigdo linear ndo viesada). Foram
detectadas diferengas significativas entre progénies apenas para DAP. Os valores genéticos individuais variaram
de 3,7 a 21,7% para BIF e DAP; A variag¢do genética entre as progénies varioude 9 a 10,5% para BIF
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e DAP entre as procedéncias. A herdabilidade individual no sentido restrito foi alta para o DAP (minimo
de 0,31), revelando o potencial de melhoramento genético. As procedéncias e progénies demonstraram ter
variabilidade genética, que pode ser explorada em programas de melhoramento florestal, com ampla base

genética.

Palavras-Chave: Arvores tropicais, Conservagdo ex situ, Genética quantitativa.

1.INTRODUCTION

Dipteryx alata Vogel, Leguminosae Faboideae (baru),
is a valuable forest species for its diversity that includes
landscaping, human and animal food, shipbuilding and
civil construction (Lorenzi, 1992), paper manufacture
for fast printing, gift wrapping paper and packaging
paper (Andrade and Carvalho, 1996). This species is
part of a native trees group used by the regional
population as an additional source of family income
through fruit exploitation (Sano et al., 2004). D. alata
pulp and seeds are highly energetic, nutritious and
rich in minerals, mainly potassium. The seeds have
a flavor similar to peanuts. The pulp of the fruits is
used for sweets and jellies production (Silva et al.,
1994). It is also used in popular medicine as an
antirheumatic drug (Brandao, 1993).

From the native species of the Brazilian Savannah
(Cerrado), D. alata stands out for its wide distribution
and coexistence with the exploitation model used by
rural populations, in which plants are preserved in open
pasture lands (Corréas et al., 2000). The maintenance
of this species in pasture areas is mainly due to its
silvopastoral and ornamental potential. Its crown is
dense and wide, with large wind-resistant branches,
good for shade, and it’s able to integrate different
agroforestry systems (Botezelli et al., 2000). It is one
of the most promising native fruit trees for cultivation
due to its multiple uses, high rate of seed germination
and seedlings establishment (Sano et al., 2004).

Natural populations of D. alata, as well as those
of countless native species, underwent drastic reduction
and fragmentation. Currently, individuals of the species
are more easily found in pasture areas. One of the main
effects from natural populations reduction and
fragmentation is the inbreeding onset as a consequence
of the potentially reproductive individuals growing
apart, gene flow reduction and the increase of genetic
divergence among the remaining species populations
(Sebbenn et al., 2011). For these reasons, the ex situ
germplasm conservation is of vital importance,
considering that the agricultural landscape is constantly
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changing, with a higher probability of germplasm loss
in those environments (Kageyama et al., 1998).

For genetic conservation actions to be more effective,
it is necessary to characterize the available materials
in active germplasm banks (provenance and progeny
trials), seeking a deeper knowledge of'its genetic potential.
Therefore, the next stages of seed and propagule
collection for ex sifu conservation are directed towards
less representative populations in these banks, showing
high genetic variability, and mainly towards those
populations which are subject to higher risk of extinction.
Studies on effective population size and genetic variation
are necessary to properly define sampling and
conservation strategies to be applied in natural or ex
situ populations. Several papers emphasize the importance
of quantitative traits to estimate the genetic variability,
among which stand out (Guerra et al., 2009; Sebbenn
etal.,2009a; Tungetal.,2010; Batista et al., 2012; Moraes
etal.,2013; Sant’Anaetal., 2013; Zaruma et al., 2015;
Kubota etal., 2015). Knowledge of genetic variability
degree both at progeny and provenance levels is an
unavoidable preliminary step to establish and consolidate
genetic conservation and improvement programs.

The purpose of this work is to estimate the effective
population size, as well as the genetic parameters within
and between the D. alata provenances for the fork,
stem form and DBH traits. The hypotheses guiding
the fulfillment of purpose follows: (i) verify if the trial
has enough genetic variability based on quantitative
traits to ensure the viability for conservation and genetic
improvement programs; (ii) analyze the most expressive
differences between provenances or progenies; (iii)
check whether the provenances have an appropriate
effective population size to ensure the viability of
subsequent selection and improvement cycles.

2. MATERIALS AND METHODS

The studied area is located in the Experimental
station of Pederneiras, in the State of Sdo Paulo, Brazil
(22°19°52.03" S and 48°49°13.37" W and 581 m altitude).
The typical climate is temperate with warm and rainy
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summers and dry winters. The annual temperature is
21.1 °C and the average annual rainfall is 1,300 mm
(Veiga, 1975). Progenies and provenances test was started
in 1986, in ablock randomized design, with 43 treatments
(seeds of 26 and 17 progenies from Trés Lagoas and
Brasilia in the State of Mato Grosso do Sul and the
Distrito Federal, Brazil, respectively), from two to eight
replicates by progeny and five plants per plotina 3
x 3 meters spacing. The trial was evaluated at 27 years
old (2013) for survival and fork (BIF), stem form (RET),
and diameter at breast height (DBH, in cm). In order
to evaluate BIF and RET, a scale of 1 to 5 was used
(Guerraetal., 2009). The classification scale for fork
was defined as follows: up to 2.20 m - 1. Fork smaller
than 1.30 m, with the same diameter from the main stem;
2. Fork greater than 1.30 m with the same from the main
stem; 3. Fork smaller than 1.30 m with a smaller diameter
than the main stem; 4. Fork greater than 1.30 m with
a smaller diameter than the main stem; 5. No fork. The
classification scale for stem straightness up to 2.20
meters was defined as follows: 1. Accented tortuosity
throughout stem; 2. Accented tortuosity smaller than
1.30 m; 3. Accented tortuosity greater than 1.30 m;
4. Mild tortuosity throughout stem; 5. No tortuosity.
The descriptions of the notes used for BIF and RET
are shown in Sant’ana et al. (2013).

Deviation analysis. The deviation analyses were
performed in order to verify significant differences
between progenies and provenances for the studied
traits. First, a joint analysis (provenances and progenies)
was carried out, followed by an individual analysis
(progeny). The estimates of variance components and
genetic parameters were performed with REML/BLUP
(restricted maximum likelihood/best linear unbiased
prediction), starting with unbalanced data and using
the genetic statistical software SELEGEN-REML/BLUP
(Resende, 2002). It was assumed that the progenies
were generated by open pollination and are composed
by half-brothers.

Estimates of variance components and genetic
parameters - The components of the variance and genetic
parameters are estimated according to the following:

a)Individual phenotypical variance (6?-):

B A2 a2 a2

(S;:G§+Gc+5e; Eql

b) Individual heritability in the strict sense, that
is, the mean, from additive effects:
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The coefficient of genetic variation within progenies
(CVpg), individual variation (CVgi), experimental variation
(CV ), and plot effects determination (czp) were used in the
expression:

d)Coefficient of individual additive genetic
variation:Eq4
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The effective population size (V,) was obtained
based on Resende (2002). The genetic diversity (D)
was estimated following Wei and Lindgren (1996): D
=N, /N, ,in which: 0 <D <1; N, = original number
of progenies; N .= effective number of progenies in
the progenies trial and is obtained by:Eq9

Ny =(2 kf)z/ Dk EaP
3. RESULTS

3.1. Joint analysis

The provenance from Brasilia showed a lower
survival rate (54%), and Trés Lagoas reached 73%.
At 27 years of age, the survival rate of the provenance
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Table 1 — Likelihood ratio test (LRT) between provenances
and progenies of D. alata for the traits: stem bifurcation
(BIF), stem straightness (RET) and diameter at
breast height (DBH).

Tabela 1 — Teste da razao de verossimilhanga (LRT) entre
procedéncias e progénies de D. alata para os
caracteres: bifurcagdo (BIF), forma do fuste (RET)
e didmetro a altura do peito (DAP).

Effects BIF RET DBH
Provenance 0,20 0,02 0,01
Progeny 1,19 2,65 18,0**

#% P <0,01 chi-squared (x?).

and progeny test was 66.1%. Likelihood ratio test (LTR)
results indicated that there were no significant differences
between provenances, just between progenies for the
DBH (Table 1).

The coefficient of determination of plot effects
varied from 0.01 to 0.12 between traits (table 2). The
coefficients of individual and interprogene genetic
variation were high for BIF, RET and DBH, ranging
from 10.6 to 21.1%. The coefficients of genotypic
variation between progenies were also high for the
observed traits, ranging from 5.3 to 10.5%. The coefficient
of determination of populations effects was low (0.01)
for all traits. Individual heritability, in the strict sense,
was low for BIF and RET (maximum of 0.16) and high
for DBH (0.33). The averages for studied traits were
3.29(BIF),3.19(RET)and 16.80 cm (DBH). The coefficient
of determination from the plot effects is considered

Table 2 — Genetic parameters, in joint analysis, for provenances
and progenies of D. alata for the traits: fork (BIF),
stem form (RET) and diameter at breast height
(DBH).

Tabela 2 — Parametros genéticos, em andlise conjunta, para
procedéncias e progénies de D. alata para os
caracteres: bifurcagdo (BIF), forma do fuste (RET)
e didmetro a altura do peito (DAP).

Parameters BIF (note) RET (note) DBH (cm)
h?, 0,08 + 0,05 0,16 £0,08 0,33 +£0,12
C, 0,07 0,12 0,01
C2p 0,01 0,01 0,01
CV,(%) 10,57 18,16 21,08
CV,, (%) 5,28 9,08 10,54
m 3,29 3,19 16,80

h?_is the individual heritability coefficient in the strict sense; ¢,
and ¢? are the coefficients of determination of the effects of the plot
and provenance, respectively; eV and cv_ are the coefficients of
individual and genotypic additive genetic variation between progenies,
respectively; m is the general average of the experiment; + is the
error.
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low (Resende, 2002).
3.2. Individual analysis

Significant differences were observed among
progenies for the DBH character for both provenances
(Table 3). The provenance from Brasilia showed lower
average values than those from Trés Lagoas for all
traits. The provenance presents an average tortuosity.
The average for DBH character was 16.53 cm (Brasilia)
and 16.98 cm (Trés Lagoas).

The coefficients of individual genetic variation
(& Vgl.) and among progenies (C Vg,,) showed similar results
for RET and DBH in both provenances. The most
significant difference was observed for BIF, with the
CVgibeing 3.7% for Brasilia and 12.6% for Trés Lagoas,
the CV, for Brasilia was 1.9% and 6.3% for Trés Lagoas.
The coefficient of determination from the plot effects
(Czp) for DBH was 0.04 (Brasilia) and 0.01 (Trés Lagoas).
The CZP for the RF was 0.09 (Brasilia) and 0.13 (Trés
Lagoas). The individual heritability in the strict sense
(#’) for DBH was high varying from 0.31 (Brasilia)
and 0.34 (Trés Lagoas).

3.3. Effective population size and genetic diversity

The studied provenances showed an effective
population size (V,) from 50 and 75, and genetic diversity
(D) 0f0.87 and 0.83, for Brasilia and Trés Lagoas,
respectively (Table 4). The genetic diversity in the
first population was higher than the second, despite
a smaller number of individuals.

4. DISCUSSION
4.1. Joint analysis

Survival was low for Brasilia’s provenance and
average for Trés Lagoas. The latter provenance is more
suitable for reforestation in that study region. The
difference in the survival rate of provenances confirms
that the collection of seeds in populations close to
the plantation region should be prioritized, mainly for
the genetic conservation of the species. The low survival
rate observed in the provenance from Brasilia may
be a consequence of the origin population being subject
to different soil and climatic conditions when compared
to those from the plantation region. Scapim et al. (1995)
reported that soil and climatic conditions are determinants
for success in the survival of this species. When species
are introduced to different sites from the origin of mother
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Table 3 — Estimate of genetic parameters for D. alata provenances, at 27 years of age, for the traits: fork (BIF), stem

form (RET) and diameter at breast height (DBH).

Tabela 3 — Estimativa dos pardmetros genéticos para as procedéncias de D. alata, aos 27 anos de idade, para os caracteres
bifurcagdo (BIF), forma do fuste (RET) e didmetro a altura do peito (DAP).

Brasilia Trés Lagoas

Parameters BIF(note) RET(note) DBH (cm) BIF (note) RET (note) DBH (cm)
h?, 0,01 £ 0,03 0,19 = 0,15 0,31 + 0,19 0,12 + 0,09 0,16 + 0,10 0,34 £ 0,15
e, 0,07 0,09 0,04 0,06 0,13 0,01
cv,, (%) 3,7 20,2 21,6 12,6 18,3 21,1
cv,, (%) 1,9 10,1 10,8 6,3 9,2 10,5

m 3,18 3,12 16,53 3,36 3,24 16,98
LTR (?) 0,00 1,66 4,44 1,57 1,62 14,61

** P <0,01;* P<0,05; hza, are the individual heritability coefficients in the strict sense; c2  is the coefficient of determination of the
plot effects; eV, and cv__are the coefficients of individual and genotypic additive genetic variation between progenies, respectively; m
is the general average of experiment; LRT is the test of likelihood ratio (chi-squared (x?) = is the error.

trees, they need climatic conditions similar to the natural
habitat, so they can continue to develop their normal
physical and phenological traits. Otherwise, changes
resulting from acclimation and evolutionary adaptation
will be required.

When there are significant differences among
progenies, selective thinning can be applied to obtain
genetic gain, as well as in seed orchard composition.
In other populations from this species, significant
variation between provenances and progenies for the
DBH traits was also identified (Zaruma et al., 2015).
This trait can be used in selection strategies, mainly
in obtaining superior individuals for wood production.

4.2. Individual analysis

The significant differences observed between
progenies for the DBH considering both provenances

Table 4 — Estimate of effective population size and genetic
diversity in provenances and progenies of D. alata.
Tabela 4 — Estimativa do tamanho efetivo da populag¢do
e diversidade genética em procedéncias e progénies

de D. alata.
Parameters Brasilia Trés
Lagoas
Number of progenies:N¥ 17 26
Number of selected progenies: N 17 26
Number of selected individuals: n 258 466

Average number of selected individuals:k" 15,2 17,9

Variance of the number of individuals 38,77 68,24
selected by progeny:
aZ

K
Effective size: N 49,8 75,4
Genetic diversity: D 0,87 0,83

SIIF

suggest their use in genetic improvement programs
and ex situ conservation of this species. D. alata has
potential for sawing wood and seeds exploitation. Other
tree species provenances have shown similar results,
such as Handroanthus vellosoi (Toledo) Mattos, for
example, has a medium shape (> 2), while a Myracrodruon
urundeuva F.F. et M.F. Allemdo population from Paulo
de Faria, SP shows values < 3 (Freitas etal., 2006; Batista
etal.,2012). Zaruma et al. (2015) evaluating D. alata
fork obtained 3.39 for the Brasilia provenance. However,
most progenies from this provenance showed fork lower
than 1.30 m with a smaller diameter compared to the
main stem and accentuated tortuosity, higher than 1.30
m. Since this species is applied for multiple uses, an
individual with good growth and stem shape could
be selected for wood use in systems such as silvopastoral.
The silvopastoral production matrix has demands for
fast-growing native species, so D. alata generates
impressive results for the sustainability of this sector
(Oliveira Neto et al., 2010).

The coefficients of individual genetic variation
and between progenies are important in order to know
the attributes of the material for genetic improvement,
with those higher than 7% being considered high
(Sebbenn et al., 1998). This indicates that the two
provenances of this study have potential for this
purpose. In addition to being important from the genetic
improvement point of view, these estimates indicate
that a considerable part of the genetic variability of
the provenance was preserved ex situ for the traits
evaluated. (Sebbenn et al., 2009b). Genetic variability
of a population constitutes the basic raw material of
the improvement (Sebbenn et al., 1994). The selection
of individuals and progenies, based on DBH, will

Revista Arvore. 2018;42(3):e420310



contribute to the increase of the population average
in the wood volume of the following generations.

4.3. Effective population size and genetic diversity

The increase in productivity depends on the genetic
variation available to obtain continuous genetic gain
throughout the reproductive cycle in improvement
populations. The recommended minimum acceptable
value for maintaining a satisfactory genetic base between
selection cycles is between 30 and 60 (Leonardecz Neto
etal., 2003). Authors such as Resende (1999) suggest
that to maintain genetic variability in selection cycles
it isimportant to maintain an effectivesize (V) around
50, thus minimizing the loss of genetic variability and
keeping favorable alleles throughout the selection cycles,
ensuring that genetic advances in continuous cycles
are not compromised. The N resulting from the proposed
selection suggests that the maintenance of genetic
variation can be exploited in the following selection
cycles, guaranteeing genetic gain in future selections.
The loss of genetic variation in an improvement program
affects the maintenance of the genetic aptitude of the
populations, reducing the evolutionary potential
(Frankham et al., 2004).

However, artificial selection is key in the
improvement and this decreases the N reducing genetic
variability and facilitating the increase of endogamy
(Frankham et al., 1999). The provenances studied in
this work have an effective size greater than the minimum
value stipulated for ex situ conservation, which is 50.
Therefore, that minimum value reduces the probability
in that population of losing rare and less frequent alleles.
An estimate of N, of 50 is adequate to retain the rare
alleles whose frequency in the provenance is lower
than 6%, with a confidence level of 95%; if that frequency
were 1%, the N, would have to be raised to 150
(Vencovsky, 1987; Sebbenn et al., 2003).

5. CONCLUSIONS

Genetic control of fork and stem form is low, while
for DBH it turned out to be high, thus presenting a
significant variation with exploitation potential in genetic
improvement.

The provenance from Trés Lagoas has a broader
genetic base and a higher growth performance than
the provenance from Brasilia.
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The effective population size of the provenances
contemplates the recommended values for each cycle
of genetic improvement and conservation. Therefore,
for this population to be used in genetic conservation
programs, the effective population size must be preserved
ex situ and be substantially increased.
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