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ABSTRACT — This study aimed to estimate the genetic correlation among selection ages (juvenile - adult)
and efficiency of early selection for the height, diameter, and volume traits of individuals from Pinus taeda
families propagated via somatic embryogenesis. This study was carried out by genetic-statistical analysis, estimation
procedure of variance (Reml), and prediction components of breeding values (Blup), using the Selegen-Reml/
Blup software. Genetic correlations among juvenile ages and rotation age were performed by applying the
linear model developed by Lambeth (1980). In accordance with results of the established model, the early
selection can be performed in clones of Pinus taeda with high selection efficiency. Ages from 4 to 6 years
old are enough to select Pinus taeda clones propagated via somatic embryogenesis for harvesting at 8 and
12 years old; and 6 to 10 years old are enough to select them for harvesting at 20 years old. On the basis
of the genetic correlations estimates from the environments, the clones’ selection of Pinus taeda propagated
via somatic embryogenesis should be developed specifically for each environment. The clones’ selection can
be performed considering the diameter due to the high correlation between volume and diameter.

Keywords: Forest improvement; Clonal forestry; Early selection.

CORRELACAO GENETICA JUVENIL-ADULTA EM CLONES DE Pinus taeda
PROPAGADOS VIA EMBRIOGENESE SOMATICA

RESUMO — objetivou-se com o presente trabalho, estimar a correlacdo genética entre idades de sele¢do
(juvenil-adulta) e eficiéncia da sele¢do precoce para as caracteristicas altura, diagmetro e volume de individuos
de familias de Pinus taeda propagados via embriogénese somatica. O estudo foi realizado por meio de andlise
genético-estatistica pelo procedimento de estimag¢do de componentes de variancia (Reml) e de predi¢do de
valores genéticos (Blup), usando-se o software Selegen-Reml/Blup. As correlacbes genéticas entre idades
Juvenis e idade de rotagdo foram realizadas aplicando o modelo linear desenvolvido por Lambeth (1980).
Segundo os resultados do modelo estabelecido, a selecdo precoce pode ser realizada em clones de Pinus
taeda com alta eficiéncia de sele¢do. As idades de 4 a 6 anos sdo suficientes para selecionar clones de Pinus
taeda propagados via embriogénese somdtica para colheita aos 8 e 12 anos e, as idades de 6 a 10 anos
sdo suficientes para selecionar para colheita aos 20 anos. De acordo com as estimativas de correla¢do genotipica
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a partir dos ambientes, a sele¢do de clones de Pinus taeda propagados via embriogénese somatica deve ser

praticada de forma especifica para cada ambiente. Pode-se realizar a sele¢do de clones considerando o

didmetro, visto a alta correlacdo observada entre volume e diametro.

Palavras-chave: Melhoramento florestal; Silvicultura clonal; Sele¢do precoce.

1. INTRODUCTION

Techniques of clonal propagation, such as the
cutting and minicutting, have shown limitations in the
Pinus taeda propagation because of the difficulty for
rooting cuttings process from vegetative material in
adult phase (WISE; CALDWELL, 1994, ALCANTARA
etal.,2007,2008; ANDREJOW; HIGA, 2009). Considering
the importance of clonal propagation of superior
genotypes in breeding programs of this species, the
technique of somatic embryogenesis has been proposed
to remedy these limitations (ISIK et al., 2005; PULLMAN;
BUCALO, 2011). There are also reports on this technique
feasibility, not only in breeding programs, but also
in commercial plantations (MACKAY et al., 2006;
PULLMAN etal., 2006; ALCANTARA etal., 2008;
ANDREJOW; HIGA, 2009; PULLMAN etal., 2011).

The implementation of early selection and the
viability of clonal propagation technique are important
aspects in a breeding program. The possibility of early
selection reduces the required time to complete a selection
cycle and the viability of clonal propagation technique
in commercial plantations and increases the genetic
gain per selection cycle, since all the genetic variance
is explored.

Although aspects related to space and time savings
have been mentioned as advantages of early selection
(LAMBETH, 1980; REZENDE et al., 1994; WU, 1998;
PIRES etal.,2011), its usagee has mainly aimed to reducing
the selection cycle duration (LAMBETH, 1980;
MCKEAND, 1988; MATHESON etal., 1994; MCKEAND
etal., 2006; DEAN, 2008), reducing the required time
for evaluation and selection, and maximizing the genetic
gain per time unit (year) (REZENDE et al., 1994;
LAMBETH;DILL,2001; GONCALVES etal.,2005; DEAN,
2008; PIRES etal., 2011.). Thus, in early selection, traits
evaluated in the previous rotation ages are used as
predictors of traits economically important in rotation
age (RESENDE, 1995; DEAN, 2008; PIRES etal.,2011).

Some researchers have developed mathematical
models that can relate the genetic correlation present
in juvenile age with the age of crop rotation, with minimal
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losses in genetic gain (LAMBETH, 1980; MAGNUSSEN,
1989; KANG, 1991; MAGNUSSEN; YANCHUKA, 1993;
WU, 1998; LAMBETH; DILL,2001). The model developed
by Lambeth (1980) is commonly used to predict the
correlations among different selection ages and is adjusted
for genetic correlations between juvenile and adult
age in Pinus taeda (LAMBETH; DILL, 2001), and the
essence is to meet the minimum age for selection with
maximum genetic gain.

In this circumstance, this study aimed to estimate
genetic correlation among selection ages (juvenile-
adult) and early selection efficiency for height, diameter,
and volume in clonal tests of Pinus taeda individuals
propagated via somatic embryogenesis, considering
three evaluation ages (1, 3, and 4 years old); and also,
it proposes to estimate the genetic correlation among
the selection traits and evaluated environments.

2. MATERIAL AND METHODS
2.1. Experimental area and used germplasm

This study was carried out using genetic-statistical
analysis of an experimental network of Pinus taeda
belonging to Klabin SA Company (Brazil), consisting
of 238 clones propagated via somatic embryogenesis.
Data were obtained based on evaluations carried out
in four clonal tests, i.e., two located in Parana (PR)
State and two in Santa Catarina (SC) State, Brazil.

According to the Képpen climate classification,
the region where the sites 1 and 2 are allocated — state
of Santa Catarina — is characterized as Cfb (KLABIN,
2009), and the area where the sites 3 and 4 are allocated
— state of Parana — are in a climate transition region
between Cfa and Cfb (KLABIN, 2011). The sites 1 and
2 have lower average temperatures, and a number of
frosts greater than the sites 3 and 4; the minimum
temperature at sites 1 and 2 is -9 °C with 22 frosts on
average per year; and the sites 2 and 3 present temperature
of -4.5 °C with six frosts per year. Regarding the soil
classification, site 1 is classified as humic cambisol,
aluminic, leptic, clayey, ground slightly corrugated
and corrugated; the site 2 is classified as bruno oxisol,
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aluminic, clayey, ground slightly corrugated and
corrugated; the site 3 is classified as haplic cambisol,
medium texture, corrugated ground and strongly
corrugated; and the site 4 is classified as quartz sandy
neosol, sandy and light middle texture, corrugated ground
and strongly corrugated.

The used germplasm for the tests implementation
was composed by the best families of the breeding
program of the Klabin SA Company (free and controlled
pollination) propagated via somatic embryogenesis.
At first, the best individuals from elite families were
selected and their immature cones were collected and
allocated for clonal propagation by somatic
embryogenesis. Through the immature zygotic embryos,
somatic embryos individualized per plant were obtained;
part of them was cryopreserved and the other part was
sent to Klabin SA Company for obtaining seedlings
to be used for implanting the clonal tests in the field.

2.2. Experimental design

The clonal tests were implemented in the states
of Parana and Santa Catarina, Brazil, in 2007. The
experimental design was of incomplete blocks,
unbalanced and undefined mode (why was analyzed
via mixed model methodology, REML /BLUP procedure
with random effects blocks), with 3 m x 2 m spacing,
with one plant per plot, in four locations (sites), two
in Santa Catarina and two in Parana. Each site was
divided into two experiments, even though they are
in the same environment, due to the large number of
clones and the area occupied by the blocks. Table 1
shows the number of tested blocks and clones which
vary in accordance with the experiment. Three batches
of commercial seed were used as comparative control.

2.3. Data collection

Measurements of Pinus taeda clones were carried
out for diameter - diameter at breast height (db/) (in
centimeter, measured at 1.30 m height), total height
- Ht (in meter), volume - Vol (m?), and survival at 1,
3, and 4 years old.

The dbh was measured with a diameter tape; the
height was obtained with the relascope. The formula
below was used to calculate the volume:

Vol = (3.1416.dbh*/4).Ht.0.5

in which, dbh is diameter at 1.3 m high; Ht is total
height.

Survival was evaluated by counting the number
ofliving trees per clone in the experiment at the time
of dbh and Ht measurements (1, 3, and 4 years old).

2.4. Estimates of genetic and statistics parameters

Analyzes were made by the estimation of variance
components (Reml) and prediction of breeding values
(Blup), using the Selegen-Reml/Blup software (RESENDE,
2002b). For evaluating the variance components, the
variables were evaluated individually by location and
together by the sites.

For evaluating individuals inside each local, the
variables were analyzed with univariate mixed linear
model of the Selegen-Reml/Blup software, Design in
Incomplete Blocks, and one observation per plot (Model
16) (RESENDE, 2007).

Combined analyzes of the two sites were carried
out at each local and also of four sites in both States.
The estimate of the variables was carried out by mixed

Table 1 — Description of installed clonal tests with clones of Pinus taeda propagated via somatic embryogenesis.
Tabela 1 — Descrigdo dos testes clonais instalados com clones de Pinus taeda propagados via embriogénese somdtica..

States Local Experiments Clones Number of blocks Plants/plot
. 1 1-3536-147 126 1
Site 1
2 164-178179-215 126 1
SC
1 1-94 6 1
Site 2
2 164-193 6 1
. 1 1-5455-160 126 1
Site 3
2 164-196 6 1
PR
. 1 1-110 6 1
Site 4
2 164-179164-238 126 1
General total of different clones: 238
Common clones in the four environments: 126
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linear model, which includes the effect of genotype
X environment interaction, resulting in the variance
components and prediction of breeding values, including
all locations. Design in Incomplete Blocks, Multiple
Sites, and one observation per plot (Model 54) (RESENDE,
2007).

O-g’

2 p P e
h, = ————— individual heritability in the
o, +o, +0o,

2

broad sense of individual plots on the block;

2
Oge . . . .
¢, =———>——: determination coefficient
c,+0,+0C

e

of the genotype x environment interaction effects;

o-; = genotypic variance;

2 _

o .= variance of genotype x environment interaction;
2 . .
o, = residual variance among plots;
o? h?
g g

: genotypic correlation

rgloc - 2

ag *O';i» - h; +Cp
of genetic materials into the environment.
All analyzes were performed via the Selegen-Reml/

Blup software. With the predicted breeding values,
genetic correlations among evaluated traits were obtained.

2.5. Genetic correlation among different ages

The model developed by Lambeth (1980) was applied
to predict genetic correlations among ages for dbh,
height, and volume at each evaluation site. The equation
is represented by:

7 s — @ T b(LAR)
inwhich, r, ;, ,=1is the genetic correlation estimated

between the T1 (early) and T2 ages (end — cutting age);
a =is the intercept; b = is the regression coefficient;
and LAR is the natural logarithm of the division between
early age and rotation age=log_(T1/T2). Lambeth and
Dill (2001) showed that LAR? is an independent variable
to better predict the genetic correlations among ages
than LAR by‘itself lonely; so, genetic correlation
was made up using both the LAR as LAR?2.

The early selection efficiency was examined for
the studied traits, supposing the same selection intensity
for early age and final evaluation age; the selection
efficiency was obtained by the equation proposed by
Lambeth (1980):

E (T,/T))

= FacriT2) *
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in which, E = s the early selection efficiency relative
to gain with selection in the cutting age,i.e., E=1
for selection at the rotation age; t = is the required
time for a generation of selection; 7, ., 1, =is the estimated
genetic correlation among the T1 (early) and T2 (final
- cutting-age) ages.

3. RESULTS

3.1. Genetic correlation among selection traits and
sites "

Estimates of genetic correlations in Pinus taeda
clones propagated by somatic embryogenesis showed
low associations among survival and the other selection
traits in the three evaluation ages (Table 2). The values
of these estimates were higher for the correlations between
the volume and db#h in each evaluation year (0.88 in
the first year; 0.95 in the third year; and 0.93 in the
fourth year), compared with those ones obtained between
the volume and height for the clones propagated via
somatic embryogenesis, tested in the three evaluation
years, considering combined analysis for all environments
(Table 2).

The genetic correlations between diameter and
height were similarly high; they were positive and greater
than 0.88 in the first and third years (Table 2) in Pinus
taeda clones propagated through somatic
embryogenesis. However, there was downward trend
of the correlations relative the years; in the fourth year,
lower correlation among these traits was observed (0.52).
Comparing the correlation evolution of the high in the
three evaluation years with the other evaluation traits,
it is concluded that there was a decrease of these
correlations (Table 2).

Table 2 shows the genetic correlation by the sites
for volume trait in the three ages when the sites were
evaluated in pairs. Only the correlation between site
1 and site 2 in the first evaluation year (0.64) could
be considered high (RESENDE; DUARTE, 2007). For
all other combinations, the correlation ranged from
moderate to low magnitude, indicating the importance
in selecting specific clones for these environments.
In addition to the low correlation and high genotype
X environment interactions, genotype x environment
correlations and interaction of close magnitudes were
observed among pairs of locals in the fourth year

(Table 2).
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Table 2 — Correlation among genetic selection traits — overall height (Ht), 1.30 m diameter (dbh), survival (sur), and volume
(vol) — and the genetic correlation among environments in pairs for volume in Pinus taeda clones propagated
via somatic embryogenesis in three years of measurement (1, 3, and 4 years).

Tabela 2 — Correlagdo genética entre as caracteristicas de selegdo, altura total (Ht), didmetro a 1,30 m (dap), sobrevivéncia
(sob) e volume (vol), e correlagdo genética entre os ambientes avaliados dois a dois para a caracteristica volume,
em clones de Pinus taeda propagados via embriogénese somatica, em trés anos de medic¢do (1, 3 e 4 anos).

Years Genetic correlations among traits
Htxdbh Hitxsur Htxvol dbhxsur dbhxvol surxvol

1 0.890 0.171 0.869 0.197 0.887 0.202

3 0.881 0.217 0.874 0.236 0.952 0.171

4 0.523 0.103 0.456 0.251 0.932 0.353
Years Genetic correlations among sites for volume

SitelxSite2 SitelxSite3 SitelxSite4 Site2xSite3 Site2xSite4 Site3xSite4

1 0.637 0.250 0.326 0.349 0.258 0.590

3 0.371 0.337 0.547 0.401 0.484 0.555

4 0.404 0.429 0.511 0.544 0.384 0.487
3.2. Genetic correlation among different ages in predicting linear coefficient values, slope of the

line, and determination coefficient for the Pinus taeda
clones propagated by somatic embryogenesis. Despite
the equations similarity in predicting the presented
coefficients, it is observed that these coefficients
in general showed higher values for the equation using
LAR. So, to predict the correlation between selection
age and selection efficiency, this equation was adopted.

Table 3 shows the estimates of genetic correlation
among the ages of 1, 3, and 4 years old, in the four
studied environments for height, diameter, volume,
and survival in Pinus taeda clones propagated by somatic
embryogenesis. Higher correlations were observed
between 3 and 4 years old, with little variation among
the different sites, between 87 to 91% in the site 1;
92 to 97% in the site 2; 70 to 94% in the site 3; and Among the studied sites, combined evaluation

o : .
94 t0 97% in the site 4. at all sites showed lower determination coefficients,

Regardless of the site for each selection trait, ranging from 50 to 70%, which can be explained by
the equations using LAR or LAR? showed similarities different responses to different environments (Table 4).

Table 3 — Genetic correlations between selection ages (1-3; 1-4; and 3-4 years old) for the height (Ht), diameter (dbh),
survival (sur), and volume (vol) evaluated by clonal tests propagated via somatic embryogenesis in Pinus taeda
located at four sites (site 1, site 2, site 3, and site 4).

Tabela 3 — Correlagdes genéticas entre as idades de selegdo (1 - 3, 1 -4, e 3 - 4 anos) para as caracteristicas altura (Ht),
didmetro (dap), sobrevivéncia (sob) e volume (vol), avaliados em testes clonais, propagados via embriogénese
somadtica, de Pinus taeda localizados em quatro locais (sitio 1, sitio 2, sitio 3 e sitio 4).

Local Ht dbh sur vol
Ages Correlations Ages Correlations Ages Correlations Ages Correlations
1-3 0.59 1-3 0.55 1-3 0.41 1-3 0.55
SITE1 1-4 0.48 1-4 0.50 1-4 0.30 1-4 0.50
3-4 0.88 3-4 0.92 3-4 0.87 3-4 0.91
1-3 0.77 1-3 0.75 1-3 0.78 1-3 0.73
SITE2 1-4 0.66 1-4 0.71 1-4 0.73 1-4 0.70
3-4 0.92 3-4 0.97 3-4 0.95 3-4 0.96
1-3 0.87 1-3 0.83 1-3 0.90 1-3 0.87
SITE3 1-4 0.65 1-4 0.79 1-4 0.66 1-4 0.80
3-4 0.73 3-4 0.94 3-4 0.70 3-4 0.94
1-3 0.81 1-3 0.69 1-3 0.78 1-3 0.73
SITE4 1-4 0.76 1-4 0.66 1-4 0.84 1-4 0.71
3-4 0.96 3-4 0.97 3-4 0.94 3-4 0.97
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Higher determination coefficients were observed for
volume and db# in all studied sites (site 1: dbh =77%
and volume = 84%; site 2: dbh = 98% and volume =
81%; site 3: dbh =95% and volume = 92%; site 4: dbh
= 80% and volume = 86%; combined evaluation of all
sites: dbh =70% and volume = 62%), when using the
equation with LAR (Table 4).

Table 5 shows the genetic correlation for height,
diameter, and volume at different ages, which varied
according to the harvesting age in all sites and for
all evaluated selection traits in Pinus taeda clones
propagated by somatic embryogenesis. When selecting
clones in juvenile ages for harvesting at 20 years old,
correlations of lower magnitude were observed;
correlations even can be negative in the site 1 for volume
selection at the ages of 4 and 6 years old (-0.338 and
-0.013, respectively).

Regardless of age indicated for harvesting (8, 12,
or 20 years old), the correlation among the ages was
increased, with lower values when the selection was
performed in juvenile age (Table 5). As the selection
of clones was carried out in closest ages to harvesting
age, the correlation increases even getting very close
or even matching the one performed at the cutting age
(Table 5).

Except for the site 1, ages 4 to 6 years old have
shown to be enough for selecting Pinus taeda clones
propagated by somatic embryogenesis, aiming harvesting
at 8 and 12 years old; and 6 to 10 years old are enough
for selecting Pinus taeda clones propagated via somatic
embryogenesis for harvesting after 20 years old (Table 5).
Correlation 0of 0.80 was considered the cutoff point.

The early selection efficiency of Pinus taeda clones
propagated by somatic embryogenesis varied in height,
diameter, and volume traits in different environments
(site 1, site 2, site 3, and site 4), considering 8, 12,
and 20 years old as reference ages (Table 5). Overall,
high selection gains per year were observed, when
performing the selection of Pinus taeda clones in juvenile
age, reaching a selection gain per year 2.2 times higher
than the selection made at the 20 years old, when the
selection is performed at the 4 years old for the diameter
(Table 5).

Although the magnitudes of the selection efficiency
have varied with age, the location, trait (Table 5), and
selection for volume provides low efficiency at age
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lower than 8 years old (Table 5). However, for height
and diameter, high selection efficiency of the Pinus
taeda clones propagated by somatic embryogenesis
was observed since the 4 years old (greater than 0.92)
at all locations, considering 8, 12, and 20 years old
as harvesting dates.

4. DISCUSSION

4.1. Genetic correlation among selection traits and
local

The high correlation between the volume and dbi
(Table 2) in Pinus taeda clones propagated by somatic
embryogenesis means that the selection based on dbh
represents the volume with adequate accuracy. However,
the decreasing correlation among height and other
selection traits over the years may has occurred because
the obtained data for height usually present lower
measurement accuracy compared to the diameter, and,
therefore, more subject to measuring error (XIANG
etal., 2003).

High correlations among growth traits were also
found by Paludzyszyn Filho ez al. (2002) and Martinez
etal. (2012) in Pinus taeda propagated by seminiferous
way. Strong positive genotypic correlations for growth
traits were obtained from Pseudotsuga menziesii clones
propagated via somatic embryogenesis (DEAN, 2008).
According to Xiang et al. (2003), diameter and volume
in Pinus taeda propagated by seminiferous way showed
higher genetic correlation over the eight years of study,
ranging from 0.8 to 0.9, similarly to those ones found
in this study in Pinus taeda clones propagated by
somatic embryogenesis. In clones propagated via somatic
embryogenesis of Picea glauca, four years after planting,
diameter and volume showed a higher genetic correlation
close to 0.8 (WAHID et al., 2012). As noted, the
correlation between volume and diameter tend to be
high, regardless of evaluation age and the spreading
way.

The genetic correlations among evaluated traits
in Pinus taeda clones propagated by somatic
embryogenesis were always positive (Table 2),
indicating that the response to selection on the other
trait will always be positive. High and positive
correlations suggest that selection for a trait should
lead to consistent responses in other traits. However,
the diameter is enough for selection in the three ages,
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Table 4 — Linear coefficient (a), slope of the line (b), and coefficient of determination (r?) predicted by linear equations
to estimate the correlation among selection ages (juvenile-adult) on height (H¢), 1.30 m diameter (dbh), and
volume (vol) obtained from clonal tests of Pinus taeda propagated via somatic embryogenesis, located in four
different environments (Sitel; Site2; Site3; and Site4).

Tabela 4 — Coeficiente linear (a), inclinagdo da reta (b) e coeficiente de determinacgdo (r2) preditos por equagoes lineares
para estimar a correlagdo entre idades de selegcdo (juvenil-adulta) nas caracteristicas altura (Ht), diametro
a 1,30 m (dap) e volume (vol) obtidas de testes clonais de Pinus taeda propagados via embriogénese somdtica,
localizados em quatro ambientes diferentes (sitiol, sitio2, sitio3 e sitio4).

Local Traits LAR LAR?
a b r? a b r?
Sitel Ht 1.014 0.491 0.606 0.880 -0.299 0.594
dbh 1.101 0.519 0.767 0.968 -0.324 0.750
vol 0.953 0.348 0.840 0.860 -0.214 0.844
Site2 Ht 0.970 0.198 0.771 0.923 -0.127 0.840
dbh 1.030 0.229 0.979 0.965 -0.137 0.933
vol 1.028 0.273 0.809 0.948 -0.161 0.750
Site3 Ht 0.957 0.110 0.750 0.929 -0.070 0.789
dbh 1.027 0.173 0.946 0.978 -0.103 0.894
vol 1.019 0.153 0.921 0.977 -0.092 0.892
Sited Ht 0.978 0.108 0.871 0.948 -0.066 0.860
dbh 1.021 0.166 0.797 0.973 -0.099 0.748
vol 1.028 0.190 0.865 0.974 -0.114 0.819
All Sites Ht 0.968 0.158 0.508 0.928 -0.158 0.533
dbh 1.024 0.208 0.701 0.965 -0.125 0.666
vol 1.021 0.223 0.623 0.958 -0.133 0.590
Local Traits LAR LAR?
a b r? a b r2
Sitel Ht 1.014 0.491 0.606 0.880 -0.299 0.594
dbh 1.101 0.519 0.767 0.968 -0.324 0.750
vol 0.953 0.348 0.840 0.860 -0.214 0.844
Site2 Ht 0.970 0.198 0.771 0.923 -0.127 0.840
dbh 1.030 0.229 0.979 0.965 -0.137 0.933
vol 1.028 0.273 0.809 0.948 -0.161 0.750
Site3 Ht 0.957 0.110 0.750 0.929 -0.070 0.789
dbh 1.027 0.173 0.946 0.978 -0.103 0.894
vol 1.019 0.153 0.921 0.977 -0.092 0.892
Site4 Ht 0.978 0.108 0.871 0.948 -0.066 0.860
dbh 1.021 0.166 0.797 0.973 -0.099 0.748
vol 1.028 0.190 0.865 0.974 -0.114 0.819
All Sites Ht 0.968 0.158 0.508 0.928 -0.158 0.533
dbh 1.024 0.208 0.701 0.965 -0.125 0.666
vol 1.021 0.223 0.623 0.958 -0.133 0.590
Local Traits LAR LAR?
a b r? a b r?
Sitel Ht 1.014 0.491 0.606 0.880 -0.299 0.594
dbh 1.101 0.519 0.767 0.968 -0.324 0.750
vol 0.953 0.348 0.840 0.860 -0.214 0.844
Site2 Ht 0.970 0.198 0.771 0.923 -0.127 0.840
dbh 1.030 0.229 0.979 0.965 -0.137 0.933
vol 1.028 0.273 0.809 0.948 -0.161 0.750
Site3 Ht 0.957 0.110 0.750 0.929 -0.070 0.789
dbh 1.027 0.173 0.946 0.978 -0.103 0.894
vol 1.019 0.153 0.921 0.977 -0.092 0.892
Sited Ht 0.978 0.108 0.871 0.948 -0.066 0.860
_________________________________ Continua...
Continue...
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Table 4 — Cont.
Tabela 4 — Cont.

DIAS, P.C. et al.

dbh 1.021 0.166
vol 1.028 0.190
All Sites Ht 0.968 0.158
dbh 1.024 0.208
vol 1.021 0.223

0.797 0.973 -0.099 0.748
0.865 0.974 -0.114 0.819
0.508 0.928 -0.158 0.533
0.701 0.965 -0.125 0.666
0.623 0.958 -0.133 0.590

due to the high values observed on genetic correlations
among growth traits in Pinus taeda clones propagated
by somatic embryogenesis.

On the basis of the results presented for the
genetic correlation among the environments, aiming
to produce individuals for installation of clonal tests
and subsequent selection for commercial plantations,
it is considered that the breeding program in the
studied sites have to take into account the four
distinctly environments (site 1, site 2, site 3, and
site 4). The low estimates of correlation may result
in changes among the genotypes order when grown
in different environments (ROTH et al., 2007).
According to Resende (2002), population of single
improvement with selection of stable materials
(selection by average of locations) must be adopted
when the value of the genetic correlation among sites
is between 0.70 and 0.90, values above of the ones
found in this study.

Paludzyszyn Filho et al. (2001) evaluated Pinus
taeda progenies in four different locations, suggesting
that the breeding program should be specific by site
due to the low correlation among the environments.
On the other hand, Martinez et al. (2012) suggest
a single breeding program for Pinus taeda propagated
by seminiferous way for different studied locations,
due to the high genetic correlation among environments.
Dean (2008) and Wahid et al. (2012) observed in
Pseudotsuga menziesii and Picea glauca clones
propagated via somatic embryogenesis, respectively,
high genetic correlation among different clonal tests
for all growth traits. The selection option by location
or combined selection depends directly on the selected
genotypes at each location, their heritability, and
genetic correlations.

4.2. Genetic correlation among different ages

The highest correlations between 3 and 4 years
old in Pinus taeda clones propagated by somatic
embryogenesis are consistent with other studies in
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Pinus taeda propagated by seminiferous way, addressing
genetic correlations for growth traits among different
ages (GWAZE etal., 2001; PALUDZYSZYN FILHO
etal.,2002; XIANG et al., 2003). According to the
accuracy estimates, the trait begins to stabilize
genetically as from 3 years old. There is, therefore,
tendency of higher genetic correlations after 3 years
old. Thus, there is greater accuracy of early selection
when ages are adopted with high genetic correlation
with mature age and there is some genetic stability
of traits under selection. In Pinus, trend of higher
correlations among the more mature ages has been
observed, while the correlations among very juvenile
ages and mature ages have shown low correlation
(KUMAR; LEE, 2003; LI; WU, 2005; DEAN etal., 2006;
WU etal., 2007; GASPAR et al., 2008).

Regarding the linear coefficient and slope of the
line, estimated for Pinus taeda clones propagated
via somatic embryogenesis, close values to those ones
found by Lambeth (1980) and Lambeth and Dill (2001)
have been found in Pinus taeda populations propagated
by seminiferous way. Therefore, there is similarity
among equations of the juvenile-adult correlation of
clonal populations and seminal populations.

Considering the results obtained with the
application of Lambeth equation (1980), the volume
and dbh are, therefore, more favorable traits for selection
with projection in ages due to the higher determination
coefficients. Other Studies also show that the model
employed by Lambeth (1980) is a good predictor for
the genetic correlations among juvenile and mature
ages (XIE; YING, 1996; GWAZE etal.,2001; LAMBETH;
DILL, 2001; CHEN etal.,2003; WENG et al.,2007; WU
etal., 2007).

According to the results shown in Table 5, the
Lambeth‘s model can be used in the prediction of
correlations among juvenile and adult ages of Pinus
taeda clones propagated via somatic embryogenesis.
Therefore, itis a practical model that captures the biological
norm of correlation among different ages, that is, the

SIIF



Juvenile-mature genetic correlations in Pinus taeda... 263

Table 5 — Correlation (cor) among ages selection (juvenile - adult) and selection efficiency (E) for the height (H7), 1.30
m diameter (dbh), and volume (vo/) traits obtained from clonal tests of Pinus taeda propagated via somatic
embryogenesis, located in four different environments (Sitel; Site2; Site3; and Site4), with 8, 12, and 20 years
old as reference ages for correlation with youth ages.

Tabela 5 — Correlagdo (cor) entre idades de sele¢do (juvenil-adulta) e eficiéncia de seleg¢do (E) para as caracteristicas
altura (Ht), didmetro a 1,30 m (dap) e volume (vol) obtidas de testes clonais de Pinus taeda propagados via
embriogénese somadtica, localizados em quatro ambientes diferentes (sitiol, sitio2, sitio3 e sitio4), considerando
8, 12 e 20 anos, como idades de referéncia para a correlagdo com idades juvenis.

Characteristics Selection Sitel Site2 Site3 Site4 All sites
Age Cor E Cor E Cor E Cor E Cor E
4-8 0.673 0.925 0.831 1.143 0.884 1.216 0.904 1.243 0.859 1.181
6-8 0.872 1.163 0.912 1.216 0.928 1.237 0.948 1.264 0.924 1.232
-12 0.474 0.889 0.750 1.406 0.839 1.573 0.859 1.611 0.794 1.489
6-12 0.673 1.010 0.831 1.247 0.884 1.326 0.904 1.356 0.859 1.289
8-12 0.814 1.018 0.889 1.111 0.915 1.144 0.935 1.169 0.905 1.131

10-12 0.924 0.990 0.934 1.001 0.940 1.007 0.960 1.029 0.941 1.008
4-20 0.223 0.641 0.648 1.863 0.783 2.251 0.803 2.309 0.712 2.047
Ht 6-20 0.422 0.971 0.729 1.677 0.828 1.904 0.848 1.950 0.777 1.787
8-20 0.564 1.081 0.787 1.508 0.859 1.646 0.879 1.685 0.823 1.577
10-20 0.673 1.106 0.831 1.365 0.884 1.452 0.904 1.485 0.859 1.411
12-20 0.762 1.095 0.868 1.248 0.904 1.300 0.924 1.328 0.888 1.277
14-20 0.838 1.071 0.899 1.149 0.921 1.177 0.941 1.202 0.913 1.167
16-20 0.904 1.040 0.925 1.064 0.935 1.075 0.955 1.098 0.934 1.074
18-20 0.962 1.006 0.949 0.992 0.948 0.991 0.968 1.012 0.953 0.996
4-8 0.740 1.018 0.821 1.129 0.912 1.254 0.902 1.240 0.874 1.202
6-8 0.951 1.268 0.914 1.219 0.981 1.308 0.971 1.295 0.960 1.280
4-12 0.529 0.992 0.727 1.363 0.843 1.581 0.833 1.562 0.789 1.479
6-12 0.740 1.110 0.821 1.232 0.912 1.368 0.902 1.353 0.874 1.311
8-12 0.889 1.111 0.887 1.109 0.961 1.201 0.951 1.189 0.935 1.169
10-12 1.005 1.077 0.938 1.005 0.999 1.070 0.989 1.060 0.982 1.052
4-20 0.263 0.756 0.610 1.754 0.756 2.174 0.746  2.145 0.682 1.961
dbh 6-20 0.474 1.090 0.703 1.617 0.825 1.898 0.815 1.875 0.767 1.764
8-20 0.624 1.196 0.769 1.474 0.874 1.675 0.864 1.656 0.828 1.587
10-20 0.740 1.216 0.821 1.349 0.912 1.498 0.902 1.482 0.874 1.436
12-20 0.834 1.199 0.862 1.239 0.943 1.356 0.933 1.341 0.913 1.312
14-20 0.914 1.168 0.898 1.147 0.969 1.238 0.959 1.225 0.945 1.208
16-20 0.984 1.132 0.929 1.068 0.992 1.141 0.982 1.129 0.973 1.119
18-20 1.000 1.093 0.956 0.999 1000 1.058 1.000 1048 0.998 1.043
4-8 0.396 0.545 0.593 0.815 0.777 1.068 0.725 0.997 0.868 1.194
6-8 0.720 0.960 0.849 1.132 0.919 1.225 0.903 1.204 0.957 1.276
4-12 0.071 0.133 0.338 0.634 0.635 1.191 0.547 1.026 0.778 1.459
6-12 0.396 0.594 0.593 0.890 0.777 1.166 0.725 1.088 0.868 1.302
8-12 0.626 0.783 0.775 0.969 0.878 1.098 0.852 1.065 0.931 1.164
10-12 0.804 0.861 0.915 0.980 0.956 1.024 0.950 1.018 0.980 1.050
4-20 -0.338 -0.972 0.016 0.046 0.457 1.314 0.322  0.926 0.666 1.915
vol 6-20 -0.013 -0.030 0.271 0.623 0.599 1.378 0.500 1.150 0.755 1.737
8-20 0.217 0.416 0.453 0.868 0.699 1.340 0.627 1.202 0.818 1.568
10-20 0.396 0.651 0.593 0.974 0.777 1.277 0.725 1.191 0.868 1.426
12-20 0.541 0.778 0.708 1.018 0.841 1.209 0.805 1.157 0.908 1.305
14-20 0.664 0.848 0.805 1.029 0.895 1.144 0.873 1.116 0.941 1.202
16-20 0.772 0.888 0.890 1.024 0.942 1.083 0.932  1.072 0.971 1.117
18-20 0.866 0.905 0.964 1.008 0.983 1.028 0.984 1.029 0.997 1.042
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closer to the harvesting age (20 years old), the higher
the correlation and vice versa (LAMBETH; Dill, 2001;
GWAZEetal.,2001; CHEN et al., 2003; WENG et al.,
2007; WU etal., 2007).

The presence of correlation among the ages
established for cutting ages and juvenile ages indicates
that the early selection of Pinus taeda clones propagated
via somatic embryogenesis can be effective in relation
to the diameter, height, and volume. Similar results
were observed by other authors, studying early selection
of Pinus taeda (MCKEAND, 1988; GWAZE etal., 2001;
PALUDZIN FILHO etal., 2002; XIANG et al., 2003).

Other studies confirm that early selection in juvenile
ages of 4 to 8 years old is reliable for growth traits
at the rotation age, and it is the most suitable for early
selection in Pinus taeda (ISIK; FRAMPTON, 2003;
XIANG et al., 2003). Dean (2008) noted that the age
of 4 years old is the most appropriate for the Pseudotsuga
mencziesii clones’ selection propagated via somatic
embryogenesis for harvesting at 8 years old.

The correlations among early and late ages suggest
that different physiological mechanisms are involved
in different development stages, which can be assigned
to different genes expression. However, the expression
of these genes will stabilize over the years (Table 2),
which is shown by the high correlation among half
rotation ages and rotation ages (Table 5). This trend
was also observed by other authors when studying
the early selection in Pinus (HODGE; WHITE, 1992;
GOLDSTEIN; HOLSINGER, 1992; JANSSON etal.,2003;
WENG etal., 2007).

The observed high efficiency of selection shows
that it is possible to perform selection of Pinus taeda
clones propagated via somatic embryogenesis older
than 4 years old, regarding to the height and diameter.
Studies in coniferous have shown the efficiency of
early selection based on the correlation among different
ages (WU etal.,2007; WENG etal., 2007; DEAN, 2008).

According to Lambert and Bill (2001), the selection
efficiency, expressed as the ratio between age and gain
in early selection harvesting ages, provides an effective
alternative to decisions about the optimal age for
performing early selection. These authors note that early
selection corresponds to an indirect selection; so, the
gain on early selection tends to be smaller than the gain
at the age of crop rotation. However, if there is a positive
genetic correlation among the evaluated traits in previous
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ages and the rotation age, early selection can reduce
the required time for evaluation and selection, maximizing
the genetic gains per time unit (year) (REZENDE et al.,
1994; LAMBETH; DILL, 2001; GONCALVES etal., 2005;
DEAN, 2008; PIRES etal., 2011).

Considering the above, the importance of early
selection is evident in the programs of forest species
improvement, mainly because of the long cycle of forest
crops, the need for higher yielding genotypes, the gain
with selection in time unit, and the maintenance costs
of improvement programs in long-term.

5. CONCLUSIONS

The selection of Pinus taeda clones propagated
via somatic embryogenesis based on diameter expresses
the volume with adequate accuracy.

Due to the low genotypic correlation in different
environments, selecting specific clones for each
environment is required.

Ages of 4 to 6 years old have shown to be enough
to select Pinus taeda clones propagated via somatic
embryogenesis for harvesting after 8 and 12 years old,
and ages of 6 to 10 years old to harvesting after 20 years.
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