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Abstract

The purpose of this work was to estimate genetic parameters 
and selection gain of Pinus caribaea var. hondurensis progeny 
trial for wood and resin production as well as correlation 
between them. Experiment was established in complete lattice 
square 10 x 10 (triple), 100 treatments, 10 plants per plot,  
3 m x 3 m spacing. Twelve years after planting the trial had 
thinned considerably leaving six plants per plot. Twenty-seven 
years after planting height, diameter at breast height (dbh) 
and resin production were measured. Deviance analysis, 
genetic parameter estimates, selection expected gain, genetic 
and phenotypic correlation were based on REML/BLUP meth-
od. Significant phenotypic differences were observed among 
and within families for all traits. The thinning at 12 years after 
planting, contributed positively to dbh increase and resin pro-
duction, with an average of 30.60 cm and 4.83 kg tree-1year-1. 
The individual narrow sense heritability ranged from 0.25 to 
0.38 for dbh and volume. Genetic and phenotypic correlation 
between growth traits were positive, and significant. Therefore, 
different selection strategies will be proposed separately for 
both traits (resin and wood). The selection gains were signifi-
cant, especially with 10 % selection intensity (individual selec-
tion) for dbh (7.53 %) and resin (13.49 %). The trial has had 
good performance for growth, resin and genetic variability to 
support the next breeding generation
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Introduction

Pine forests provide two products of important economic val-
ue: wood and resin. Although more than 100 pine species exist 
naturally in Europe, Asia, North America and especially in Cen-
tral America (Lima et al., 1988), few these species produce resin 
feasible amount to be exploited economically.

 World pine resin production amounted 1,114.000 million 
tons in 2010 (Cunningham, 2012). In Brazil, over season 
2013/2014 the production was estimated at 92.596 tons  
(Aresb, 2014). São Paulo state was the largest contributor to 
this production. In 2014, Brazil had around 7.74 million hect-
ares of planted forests, 1.59 ha with pine, the Brazil maintained 
fourth place among countries that produce pulp of all types 
(Ibá, 2015). The country has been the eleventh largest lumber 
producer and the second largest resin producer (830 t/year-1) in 
the world. China is the first in resin production (Cunningham, 
2012; Abraf, 2013). 

The pine breeding programs in Brazil were initiated in 
1970’s decade. More than 20 species were tested and the most 
productive for resin and wood were P. taeda, P. elliottii, P. carib-
aea var. bahamensis and P. caribaea var. hondurensis. P. caribaea 
varieties are most suitable for production in regions of sub-
tropical and tropical climate concerning resin and wood  
(Aguiar et al., 2011). 

Despite the increase in resin productivity over the years 
(Aresb, 2014), investment in breeding programs for selection of 
more productive families for resin is much lower comparing to 
those for wood production in Brazil.  With lack of investment 
and improvement actions to resin producers have been 
restricted to use only mass selection in their commercial plan-
tations. 
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In this context, this study was conducted (i) to estimate genetic 
parameters for P. caribaea var. hondurensis for resin and wood 
production, (ii) estimate genetic and phenotypic correlations 
and (iii) evaluate potential selection gains with   different selec-
tion intensities, aiming at the selection of more productive 
material for resin and wood.

Materials and Methods

Genetic material
Seed from 96 open-pollinated genotypes of P. caribaea var. 
hondurensis were collected in a clonal seed orchard at  
Centro de Conservação Genética e Melhoramento de Pinheiros 
Tropicais - CCGMPT, located in the municipality of Aracruz, ES, 
Brazil, (latitude 19°49‘S, longitude 40°16‘W,  50 m of altitude ).  
Furthermore, seed lots from four commercial controls were 
included in trial from municipality of Agudos, SP, Brazil, (lati-
tude 22°22‘S, longitude 48°52‘W and 550 m of altitude).

Progeny test
A progeny test was established June, 1986 in the municipality 
of Selvíria, MS, Brazil (latitude 20°20‘S, longitude 51°23‘W and 
altitude of 370 m) with the 96 OP-families and four controls. 
The climate is Aw, by Köppen classification, with an average 
annual temperature of 24.5 °C, annual rainfall of 1.200 mm, 
annual humidity of 64.8 %, insolation of 7.3 hours.day-1 
(Hernandez et al., 1995). Site soil is Red Latosol and clayey 
(Embrapa, 2006). 

The experiment was established in lattice design 10 x 10 
(triple) (Resende, 2007a). Each family plot consisted at the time 
of establishment of ten plants in a row (Moraes, 2001). The 
spacing was of 3.0 x 3.0 m. Twelve years after planting, a selec-
tive thinning within families based on dbh, height, stem form, 
foxtail and survival was performed. At each plot remained only 
six trees per plot.

Traits measured and assessed
Resin production (kg.tree-1year-1), after thinning, was assessed 
from April 2011 to May 2012. The resin extraction was per-
formed every 15 days cutting surface tool to open the scoring 
(Scribing). To extract the resin was used American type method 
based on a chemical pulp stimulant containing sulfuric acid 
(20 %) and CEPA (2-chloroethyl acid) (3.5-4.0 %) (Aresb, 2016). 
The formulation was placed on the surface of sapwood after 
cutting. In addition to the total amount of resin, after comple-
tion of the last ribs (20), total area of panel was also measured. 
The cutting was performed with tool to exudation of resin gum 
until the depth close to the heart.

Growth traits evaluated after thinning were: diameter at 
breast height (dbh - cm), height (m) and survival (%). Based on 
the total height and dbh were estimated cylindrical volume 
(m3.tree.-1) and the average annual increment in height (m). 
Survival was assessed for presence (1) and absence (0) of plant.

Statistical analysis
Estimates of variance components, genetic parameters and 
standard errors were analyzed by REML/BLUP (restricted 

maximum likelihood/best linear unbiased prediction), using 
genetic-statistical software SELEGEN (Resende, 2007b). Proge-
ny test was assumed to be open pollinated (half-sib). Half-sib 
progenies test was analyzed considering as complete random-
ized block design, several plants per plot, one place and one 
single population. The linear model used was:

where: y = data vector; b = vector of repetition effect (fixed);  
a = vector of additive genetic effects (random); c = vector of 
plot effect (random);  = vector of random error effect. X, Z e 
W = incidence matrices for b, a, and c, respectively.
Distributions and average structures and variances to obtain 
the BLUP:

2ˆaσ  : additive genetic variance;

2ˆcσ  : between plots variance;

2ˆeσ  : residual variance (environment within plots + non-addi-
tive).
A: additive genetic correlation matrix between individuals 
under evaluation.

COV (a, c’ ) = 0; COV (a, e’ ) = 0; COV (c, e’ ) = 0 , is the covariance 
between all the random effects model are void. Like this:

                                                                                                       in which:

G = A 2ˆaσ

R = I 2ˆcσ

C = I 2ˆeσ

V = ZA 
2ˆaσ Z’+WI 

2ˆcσ W’+I 
2ˆeσ = ZGZ’+WCW’+R (Resende, 

2002).

The mixed model equations are (Resende, 2002):

                                                                                                    in which: 

 

y|b ,V ~ N(Xb,V) 

a|A, 2
aσ ~ N(0, A 2

aσ̂ ) 

c| 2
cσ ~ N (0, I 2ˆ cσ ) 

e 2
eσ   ~ N (0, I 2ˆ eσ ) 
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                                     is the narrow sense individual heritability.

                  Life correlation to the common environ- 

ment of the plot.

Iterative estimators of variance components by REML via EM 
algorithm (Expectation-Maximization) are:

                                                    in which:

  C22 e C33 from:

C = coefficient matrix of the mixed model equations.
tr = operator matrix trace.
r (x) = put the matrix X.
N = total number of data;
q = number of individuals;
s = plot number.
Other estimates variances and genetic parameters processed 
by the program:
a) Additive genetic variance 

b) Environmental variance among plots 

c) Residual variance (Environmental + non-additive)           : 

)](/[]''ˆ''ˆ''ˆ'[ˆ 2 xrNyWcyZayXryye −−−−=σ ; 

in which: C22 e C33  It is the inverse C; C: coefficient matrix of the 
mixed model equations; tr: operator matrix trace; r(x): put the 
matrix X; N, q, s: Data numbers of individuals and parcels, 
respectively.

Estimates variances, genetic parameters processed, gene-
tic and phenotypic correlations were obtained by REML/BLUP 
method (restricted maximum likelihood / best linear unbiased 
prediction), using genetic-statistical software SELEGEN-REML / 
BLUP (Resende, 2007b). Standard errors and significance for 
genetic and phenotypic correlations were estimated via 
GENES® (Cruz, 2006).

Estimates of effective population size and expected 
gain selection
Selection strategies considered the results of genetic testing 
statistics. The variable considered to selection was dbh, which 
is highly correlated with volume and resin production. The  
selection strategy would be through genotypic values predict-
ed by individual BLUP that would use simultaneously 

information on family and individual for selection (Resende, 
2002). The optimal method of selection is the individual BLUP 
which uses all the effects of the statistical model, contemplates 
the imbalance, uses the genetic relatedness between individu-
als under evaluation, considers the coincidence of selection 
and recombination unit (Resende, 2007a). Selection strategies 
were:  (i) intensity of 2.6 %, 5.3 % and 10 % according to individ-
ual BLUP. 

Effective population size (Ne) was obtained based on for-
mula deduced by Resende (2002):     ( ) ( )[ ]fkffffe kkkNN 23..4 σ++=

where: Nf
 is number of selected families;   fk is average num-

ber of individuals selected per family;   2
kfσ is estimate of vari-

ance number of individuals selected per family.  
Genetic diversity (D), after selection, was quantified by 

Wei and Lindgren (1996), cited by Resende (2002): D = Nef/Nfo, 
where: 0 < D ≤ 1; Nfo is original number of families, Nef is effec-
tive number of selected families, and is given by:   

.  ( ) ∑∑= 22
fffe kkN

Results 

Genetic parameters and deviance analysis
Progenies trial was composed by 3.000 plants. However, selec-
tive thinning adopted at age 12 selected 60 % of tree within 
progenies. Thinning was performed similarly within each prog-
eny, so significant differences between and within progenies 
for the trait survival were not observed. Currently the progeny 
test plants consists of 1.484, corresponding to 82.44 % survival 
rate whereas a total of 1.800 plants remaining after selective 
thinning. 

Dbh, height, volume, total resin production , resin produc-
tion per  panel area, annual increment and survival mean at 
age 27 were 30.60 cm, 30.22 m, 1.48 m3.tree-1,  
4,83 kg.tree.-1ano-1, 68.63 g.tree.-1cm-2, 1.12 m and 82.44 %, 
respectively (Table 1). Coefficients of experimental variation 
and plot effect determination ( ) were low, indicating that 
the experiment has a high precision and low environmental 
variation experimental and between plots within blocks.  The 
highest was observed for average annual increment. 

Coefficients of genetic variation among progenies (CVgp) 
were low to high ranging from 4.14 % (height) to 14.15 % (vol-
ume), while coefficients of Individual genetic variation (CVgi) 
were 8.27 % (annual increment height mean) to 28.31 % (vol-
ume).  Accuracy values for selection progenies assuming com-
plete survival were classified based on scale made by Resende 
(2002), as high for dbh, volume, total resin production, resin 
production per panel area and annual increment, and low for 
survival (11 %). Narrow-sense individual heritability ranged 
from 0.26 % to 0.39 % for dbh and volume, respectively. 

In general, estimates of family mean heritability ( ), 2ˆ
mh  

where the number of repetitions and plants per plot minimize 
environmental effects, were relatively high. This result may 
estimate high genetic gains for selected traits, due to favorable 
conditions for progenies selection. In the current work, total 
resin production (0.62) and resin production per panel area 
(0.65) showed the highest values.
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Genetic and phenotypic correlations between 
traits 
Genetic and phenotypic correlations between growth traits 
varied low to high magnitude and were significant for all cor-
relations (p <0.01) (Table 2). 

Table 2. Estimates of genetic correlations (rg above the di-
agonal) and phenotypic correlations (rf below the diagonal) 
between gowth and resin production traits in Pinus caribaea 
var. hondurensis progenies, at 27 years old, in Selvíria, Brazil

Dbh Height Volume TR PR

Dbh - 0.60** 0.92 ** 0.24 ** 0.22 **

Height 0.52 ** - 0.75 ** 0.12 ** 0.10 ** 

Volume 0.93** 0.69** - 0.20 ** 0.19 **

TR 0.41** 0.23** 0.36** - 0.98** 

PR 0.39** 0.22** 0.35** 0.96** -

Significance levels for correlation coefficients: *** P<0.001; ** P<0.01; and  
* P<0.05. – denote the value of correlation coefficient over 1. dbh = diameter 
at breast height; TR = total resin production; PR = resin production per panel 
area.

Trait with the highest relation to volume was dbh. For volume 
indirect selection this trait might to be considered. Genetic cor-
relations for almost all traits were lower than the correspond-
ing phenotypic correlation, which indicates that the use of 
phenotypic correlations to evaluate traits will result potential 
gain overestimation for indirect selection, rather than genetic 
ones. High correlation was observed between dbh and volume 
(rg = 0.92), while between volume and height is medium (rg = 
0.60). In additional, phenotypic correlations were high for total 
resin production and resin production per panel area (rf = 0.96) 
and low for resin production per panel area in relation to 
height (rf = 0.10). 

Expected genetic gain and effective population size
Expected genetic gain was estimated based on dbh and resin 
production (Table 3). 

Table 3. Estimates of selection gain for individual selection (SI) 
for dbh and resin in P. caribaea var hondurensis progeny test in 
Selvíria, Brazil

Dbh Resin

Parameters SI 

2,6
SI  

5,3 %
SI 

10 %
SI 

2.6 %
SI 

5,3 %
SI 

10 %

N 40 80 143 40 80 147

Nfo 96 96 96 96 96 96

Ne 17.73 38.73 63.15 23.89 40.37  68.61

ĜS(%)  9.31   8.27   7.39 17.01 15.81 14.5

 D̂  0.08   0.16   0.24 0.11   0.19      0.27

N: number of selected individuals;  Nfo : number of original families; Ne : effec-
tive size or status number; ĜS: Gain from selection; D̂ : Genetic diversity.

Individual selection strategies with intensity of 2.6 % (40 indi-
viduals), 5.3 % (80 individuals) and 10 % (152 individuals) were 
adopted in order to select materials to compose clonal and 
commercial plantations. Although provinding decrease Ne 
around the 80 % and genetic divergence   ( )  D̂  around 50 % 
(Table 2), genetic gains were higher for resin (17.01 %, 15.81 % 
and 14.50 %) and dbh (9.31 %, 8.27 % and 7.39 %).

Discussion

The present study shows the important genetic variation in 
resin and dbh yield among P. caribaea var. hondurensis families. 
The family heritabilities for resin and dbh yield were moderate-
ly high. Narrow-sense individual heritabilities  for resin 

Parameters dbh 
(cm)

Height  
(m)

Volume  
m3 tree -1

TR 
g tree -1 ano -1

PR 
g tree -1 cm-2

AIH 
(cm)

SUR 
(%)

 
 

2ˆ
ah 0.26±(0.07) 0.29±(0.08) 0.39±(0.09) 0.25±(0.07) 0.28±(0.07) 0.29±(0.08) 0.001±(0.004)

 
 

2
pĈ 0.05   0.31  0.10  0.02   0.02 0.31      0.001

 
 

2ˆ
mh 0.59   0.37  0.62  0.62   0.65 0.37      0.013

 
 âar 0.77   0.61  0.79  0.79   0.81 0.61   0.11

CVgi (%) 9.17    8.28 28.31 23.72 25.61 8.27   4.18

CVgp (%) 4.59   4.14 14.15 11.86 12.80 4.14   2.09

CVe (%) 6.62   9.27 19.06 15.92 16.14 9.27 32.08

CVr  0.69   0.45  0.74   0.76    0.79 0.45   0.07

 
 

m̂ 30.60 30.22  1.48   4.83   68.63 1.12  82.44 

LRT prog    13.47**       5.32**   336.39**      16.47**       18.29**    5.31*     43.83**

LRT plot    5.54*   165.36**     22.08**         1.92 ns           1.28 ns  165.41**    46.83**

     narrow-sense individual heritability;       coefficient of plot effect determination ;        family heritability mean ;       accuracy;        additive heritability within plot; 
CVgi coefficient of individual additive genetic variation; CVgp coefficient of genotypic variation among progenies;  CVe coefficient of experimental  variation;   
CVr  coefficient of relative variation;  

 
 

m̂ general mean ; LRT: Likelihood ratio test; χ
2   chi-squared deviance; ** significant at  1 %  (6.63), * significant at  5 % (3.84), 

with 1 degree of freedom  ns not significant.

Table 1. Estimate of genetic parameters for silvicultural traits in Pinus caribaea var. hondurensis progênies in Selvíria, Brazil (dbh 
= diameter at breast height; TR = total resin production; PR = resin production per panel area; AIH = Annual increment height 
mean; SUR = survival)

  2
aĥ   2

mĥ   aâr   2
adĥ  2

pĈ
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production and dbh were moderate according to scale 
deduced by Resende (2002), where <0.15 is low, 0.15 <  
<0.50 is moderated and <0.50 is high. Selections within 
progeny tests can be further carried out to develop high-yield-
ing resin genotypes. dbh was estimated by other authors 
for many pine species, such as P. caribaea var. hondurensis (0.20 
at age 5) (Sampaio et al., 2000); P. caribaea var. bahamensis 
(0.35 at age 21 and 0.56 at age 13, respectively) (Missio et al., 
2004 and Pires et al., 2013) and P. caribaea var. hondurensis 
(0.28 at age 14) (Moraes, 2001). For height estimated were 
0.44 at age 14 for P. caribaea var. hondurensis (Moraes, 2001) 
and 0.41 for P. caribaea var. bahamensis at age 13 (Missio et al., 
2004). This result will estimate moderate genetic gains for 
growth and resin traits due to favorable conditions for the 
selection of progeny. The narrow-sense heritabilities for resin 
and dbh yield were high in the present study, and selections 
within the progeny tests can be further carried out to develop 
high-yielding resin genotypes. High coefficients of genetic 
variation values indicate possibility high-expected genetic 
gains. These estimates were higher than the values CVgp 
obtained for all traits, mainly resin. These should to superior 
individuals of some families that if it was selected will provide 
significant gains. P. caribaea var. bahamensis, estimated coeffi-
cients of genetic variation among progenies of 6.56 % and 3.70 
% for dbh and height, respectively (Gurgel Garrido et al., 1997). 
Sebbenn et al. (1994) estimated lower CVgp in P. caribaea var. 
bahamensis progenies of 2.43 % and 1.85 % at age 2 and 1.86 
% and 1.06 % at age 5 for the same traits.

Freitas et al. (2005) and Sebbenn et al. (2008) also observed 
significant genetic variation between P. caribaea var. bahamen-
sis progenies for growth traits, indicating the possibility of 
promising genetic gains in the first generations of breeding. 
On the other hand, variety caribaea have showed low genetic 
variation for quantitative traits in the same site (Silva et al., 
2012). 

Accuracy values of this study were higher than P. oocarpa 
observed by Sampaio et al. (2002), who found average accura-
cy of 35 %.  These estimates confirm with high probability that 
the genetic material maximize the genetic progress possibili-
ties with selection. According to Aguiar et al. (2011), these val-
ues indicate possibilities of genetic gains in all selection levels. 
We propose to select individuals based on dbh, because this 
trait had the highest heritability and has less measurement 
errors, and reflects the wood production volume. 

Genetic correlations between growth traits were high and 
positive, however, it between dbh and resin production was 
positive and low. Rossmann (2001) reported that for pine spe-
cies positive genetic correlation between growth traits (height 
and dbh) are expected, but these must be estimated in each 
population to confirm the efficiency of indirect selection. Sev-
eral studies suggested that the correlation genetic between 
growth and resin production is positive and significant (r > 
0.77) (Roberds et al., 2003; Romanelli and Sebbenn, 2004). 
Blanche et al. (1992) have also observed high and moderate 
genetic correlations between resin production and growth 
traits in loblolly pine (P. taeda L.). This indicates that genetic fac-
tors act concurrently to increase resin production and growth. 
On the other hand, this study few genes may have contributed 

to increase both, dbh and resin. Then, this tend to cause a pos-
itive and low correlation. 

Resin exploitation starts at seven or eight years after plant-
ing. An alternative to speed up the breeding process would be 
the early selection. However, this alternative would only be 
possible if there was significant positive genetic correlation 
between traits in early and adult ages. One positive aspect is 
the selection for volume as early as possible will not affect the 
resin production, in view of the direction of the relationship 
between these traits. Sampaio et al. (2000) consider that the 
selection of P. caribaea var. hondurensis trees based on diame-
ter may reflect high genetic gain estimates in volume and with 
good accuracy, since they have high correlations and low stan-
dard deviations. High and positive genetic correlations 
between growth traits for P. caribaea var. bahamensis were also 
observed by Missio et al. (2004).

Genetic correlations of growth vary between different 
species of Pinus, and these variations, according to Rezende 
and Ferraz (1992), can be attributed to several factors, includ-
ing the sampling standards , age of trees,  competition degree, 
availability of water and nutrients and influence of canopy 
traits in the sampling period. The main cause of genetic cor-
relation between growth traits is pleiotropism effect. This is 
attributed when a gene affects two or more traits. Another 
cause of correlation between traits is the gene linkage disequi-
librium observed in most populations originating from differ-
ent mating; It may be larger when closer the genes on chromo-
some, but it is transient (Falconer, 1981). The results suggest 
that a small number of genes affect positively dbh and resin 
production. So response selection for dbh on the resin produc-
tion, one must calculate the genetic value of the regression 
coefficient of resin on the genetic value of dbh.

Furthermore, the genetic correlation is due to genetic link-
age to any extent, it is likely the decrease in magnitude value in 
subsequent breeding cycles, through recombination, and 
thereby decrease the correlated response (Falconer, 1981). On 
the other hand, if there were a significant positive correlation, 
it would be expected that indirect resin production selection 
should be superior to direct for this trait that have a heritability 
coefficient slightly higher than the dbh. This would be advan-
tageous because of the difficulty of measuring the trait resin 
accurately. For a correlated response must apply the direct and 
indirect selection and results obtained in the next generation. 
Thus, dbh is believed to be the optimum assisted trait for indi-
rectly selecting high yielding resin trees. Were obtained gains 
meaning with the selection of dbh and resin using variants of 
information and genetic correlations. 

P. caribaea var. hondurensis population has provide genet-
ic gains above other populations studied by other authors. The 
selection by MEI Index was 12.8 % more efficient than selection 
among and within families in P. caribaea var. hondurensis 
(Moraes, 2001). P. caribaea var. bahamensis progenies deter-
mined that the MEI was 36.9 % more efficient than selection 
among and within families (Missio et al., 2004). Sampaio et al. 
(2002) verified genetic gain of 15 % in P. oocarpa. 
Paludzyszyn-Filho et al. (2002) obtained gain of 8 % in P. taeda. 
Leonardecz Neto (1998) estimated genetic gain of 15.04 % and 
4.25 % for volume and dbh with selection among and within 
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progenies of P. patula. Furthermore, Magnussen (1994) noted 
gains 6 % to 15 % for both height and volume correspond to 
realistic selection intensity in a forest species-breeding pro-
gram.

The genetic variability is reduced in each improvement 
cycle. The control of this parameter in proper level is carried 
out from the knowledge of effective size. Resende (1999) 
reported the importance of maintaining an effective size (Ne) 
above 50 in each selection cycle, thereby preventing loss of 
variability and increasing the likelihood for maintaining favor-
able alleles in each breeding generations, and, consequently, 
keeping genetic improvements in continuous cycles. The artifi-
cial selection, an important component of any breeding pro-
gram reduces the effective population size, and can thus 
reduce genetic variation and increase inbreeding (Frankham et 
al., 2004). For Resende (1999), the ideal is to start with a base 
population represented by a large number of offspring in order 
to allow high intensity selection as in the first generations, 
while maintaining the effective size compatible with the 
improvement in the long term. The Ne indicated as selective 
threshold is between 30 to 60 (Leonardecz-Neto et al., 2003).  
This population still has enough genetic variability for the Ne 
value minimum of 50 with a small percentage of individuals 
per family. 

Breeding programs have aimed increasing production in 
specific populations while maintaining sufficient genetic varia-
tion for genetic gains continued throughout the reproductive 
cycle. The trial presented good production performance 
(growth and resin) and enough genetic variability to the next 
generation of breeding. Therefore, the genetic germplasm 
conservation is strategic for the forestry sector and the coun-
try, especially if we consider that most of P. caribea var. hondu-
rensis tests have been replaced by other species of greater 
commercial interest, such as the Eucalyptus genus.

Conclusion

There are significant differences between and within P. caria-
baea var. hondurensis progenies for growth traits (dbh, height 
and wood volume), and resin production. 
Genetic variation and heritability coefficients for silvicultural 
traits show the possibility of significant gains in subsequent 
breeding cycles, especially for resin.
Estimates of expected selection response in different intensity 
selections showed the possibility of gain both dbh and resin.
The selections for wood and resin can be performed inde-
pendently, due to the low relationship between the traits. 
However, the direct and indirect selection should be quantified 
to confirm this relationship in subsequent breeding genera-
tions.

References

Aguiar VA, Sousa VA, Fritzsons E, Junior JEP (2011) Programa de melhoramento 
de pinus da Embrapa Florestas. Colombo: Embrapa Florestas, pp 1-81, ISSN 
1980-3958; 233

Aresb. Associação de Resinadores do Brasil (2014) Estatísticas de Produção [on-
line]. http://www.aresb.com.br/estatisticas/index.html [quoted, 03.21.2015]

Aresb. Associação de Resinadores do Brasil (2016) Operações De Resinagem 
[online]. http://www.aresb.com.br/operacoes/index.html [quoted, 
09.01.2016]

Abraf. Associação Brasileira De Produtores de Florestas Plantadas (Brasil) (2012) 
Anuário estatístico da ABRAF 2013, base year 2012 [online]. http://www.
ipef.br/estatisticas/relatorios/anuario-ABRAF13-BR.pdf [quoted, 08.17.2013] 

Blanche CAPL, Lorio JR, Sommers RA, Hodges JD, Nebeker TE (1992) Seasonal 
cambial growth and development of loblolly pine: xylem formation, inner 
bark chemistry, resin ducts, and resin flow. For Ecol Manage 49(1-2):151–
165. Available at https://doi.org/10.1016/0378-1127(92)90167-8 

Cunnigham A (2012) Pine resin: biology, chemistry and applications. In: Fett 
Neto AG, Rodrigues-Correa KCS (eds) Pine tapping recent advances. Boston: 
PCA, pp 1-8, ISBN 978-81-308-0493-4 

Cruz CD (2006) Programa Genes: análise multivariada e simulação. Viçosa, MG: 
Ed.UFV: 175 p., http://www.ufv.br/dbg/genes/Genes_EUA.htm [quoted, 
02.11.2016]

Embrapa. Empresa Brasileira de Pesquisa Agropecuária, Centro Nacional de 
Pesquisa de Solos (2006) Sistema brasileiro de classificação de solos [online] 
Rio de Janeiro, http://www.agrolink.com.br/downloads/sistema-brasile-
iro-de-classificacao-dos-solos2006.pdf [quoted,10.31.2015]ISBN 85-85864-
19-2

Falconer DS (1981) Introdução à genética quantitativa. Viçosa: Ed. da Universi-
dade Federal de Viçosa: 279 p, ISBN 10-0521538270

Frankham R, Ballou JD, Briscode DA (2004) A primer of conservation genetics. 
Cambridge: Cambridge University Press: 220 p. Available at https://doi.
org/10.1017/cbo9780511817359  

Freitas MLM, Sebbenn AM, Morais E, Zanatto ACS, Souza CMR, Lemos SV (2005) 
Estimativa de parâmetros genéticos e ganhos na seleção em Pinus caribaea 
var. bahamensis, aos 22 anos de idade. Revista Instituto Florestal, São Paulo 
17(1):103-111

Gurgel Garrido LM do A, Garrido MAO, Kageyama  PY (1986/1988). Teste de 
progênies precoce de meios-irmaos de Pinus elliottii Eng. varo elliottii de ár-
vores superiores para produção de resina. Silvicultura em São Paulo p 
20/22, (1997) pp 31-39

Hernandez FBT, Lemos Filho MAF, Buzetti S (1995) Software HIDRISA e o balanço 
hídrico de Ilha Solteira. Ilha Solteira, UNESP/FEIS/Área de Hidráulica e Irri-
gação: p 45

Ibá. Indústria Brasileira de Árvores (2016) Anuário estatístico 2015, base year 
2014 [online]. http://www.iba.org/images/shared/iba_2015.pdf [quoted, 
01.04.2016]

Leonardecz-Neto E (1998) Variação genética e métodos de seleção em 
progênies Sul-africanas de Pinus patula (Shiede&Deppe). Dissertation (Mas-
ter degree) – Universidade Federal do Paraná, Curitiba, 1998, 71 p

Leonardecz-Neto E, Vencovsky R, Sebbenn AM (2003) Ajuste para a competição 
entre plantas em teste de progênies e procedências de essências florestais. 
Scientia Forestalis 63:136-149

Lima AF, Jará ERP, Alfonso VA (1988) Madeira como matéria-prima para fabri-
cação de pasta celulósica. In: Philipp P, D’Almeida MLO (eds) Celulose e pa-
pel: tecnologia de fabricação da pasta celulósica. São Paulo: IPT, pp 129-
167, ISBN 8509000395

Magnussen SA (1994) Method to adjust simultaneously for spatial microsite and 
compettion effects. Canadian Journal of Forest Research 24:985-995. Avail-
able at https://doi.org/10.1139/x94-129

Missio RF, Cambuin J, Moraes MLT, Paula RC (2004) Seleção simultânea de carac-
teres em progênies de Pinus caribaea Morelet var. bahamensis. Scientia 
Forestalis 66:161-166

Moraes MLT (2001) Variação genética e aplicação da análise multivariada em 
progênies de Pinus caribaea var. hondurensis Barret e Golfari. Thesis (Free 
Teaching) Faculdade de Engenharia, Universidade Estadual Paulista, Ilha 
Solteira, 2001, 124 p

Paludzyszyn-Filho E, Fernandes JSC, Resende MDV (2002). Avaliação e seleção 
precoce para crescimento de Pinus taeda. Pesquisa Agropecuária Brasileira 
37(12):1719-1726

Pires VCM, Martins K, Vilas Boas O, Freitas MLM, Sebbenn AM (2013) Variabili-
dade genética de caracteres silviculturais em progênies de polinização ab-
erta de Pinus caribaea var. bahamensis. Scientia Forestalis 41:113-119

Resende MDV (1999) Melhoramento de essências florestais. In: Borém, A, Melho-
ramento de espécies cultivadas. Viçosa UFV: pp 589-647, ISBN 85-7269040-9

Brought to you by | Empresa Brasileira de Pesquisa Agropecuária EMBRAPA
Authenticated

Download Date | 11/28/17 2:45 PM



37dos Santos et al. · Silvae Genetica (2016) 65-1, 31-37 

Resende MDV (2002) Genética biométrica e estatística no melhoramento de 
plantas perenes. Brasília: Embrapa Informação Tecnológica, 975 p, ISBN 85-
7383161-8

Resende MDV (2007a) Matemática e estatística na análise de experimentos e no 
melhoramento genético. Colombo: Embrapa Florestas, 561 p, ISBN 978-85-
89281-15-7

Resende MDV (2007b) Selegen-Reml/Blup: sistema estatístico e  seleção genéti-
ca computadorizada via modelos lineares mistos. Colombo: Embrapa Flor-
estas, 359 p,  ISBN 978-85-89281-16-4

Rezende MA, Ferraz ESB (1992) Produtividade de Pinus no litoral norte do estado 
da Bahia. Científica 20(1):73-83

Roberds JH, Strom BL, Hain FP, Gwaze DP, McKeand SE, Lott LH (2003) Estimates 
of genetic parameters for oleoresin and growth traits in juvenile loblolly 
pine. Canadian Journal of Forest Research 33(12):2469-2476. Available at 
https://doi.org/10.1139/x03-186 

Romanelli RC, Sebbenn AM (2004) Parâmetros genéticos e ganhos na seleção 
para produção de resina em Pinus elliottii var. elliottii, no sul do Estado de 
São Paulo. Revista do Instituto Florestal 16(1):11-23

Rossann H (2001) Estimativas de parâmetros genéticos e fenotípicos de uma 
população de soja avaliada em quatro anos. Dissertação (Mestrado) - Escola 
Superior de Agricultura “Luiz de Queiroz”, Universidade de São Paulo, Piraci-
caba, 2001, 91 p. Available at https://doi.org/10.11606/d.11.2002.tde-
29072002-153415

Sampaio PTB, Resende MDV, Araújo AJ (2000) Estimativas de parâmetros genéti-
cos e métodos de seleção para o melhoramento genético de Pinus caribaea 
var. hondurensis. Pesquisa Agropecuária Brasileira 35(11):2243-2253. Avail-
able at https://doi.org/10.1590/s0100-204x2000001100017 

Sampaio PTB, Resende MDV, Araújo AJ (2002) Estimativas de parâmetros genéti-
cos e métodos de seleção para o melhoramento genético de Pinus oocarpa 
Schiede. Pesquisa Agropecuária brasileira 37(5):625-636. Available at 
https://doi.org/10.1590/s0100-204x2002000500007 

Sebbenn AM, Pires CLS, Custódio Filho A, Rosa PRF (1994) Variação genética em 
progênies de meios-irmãos de Pinus caribaea Mor.var. bahamensis Bar.et 
Gol. na região de Bebedouro, SP. Revista do Instituto Florestal 6:63-73

Sebbenn AM, Vilas Boas O, Max JCM (2008) Altas herdabilidades e ganhos na 
seleção para caracteres de crescimento em teste de progênies de 
polinização aberta de Pinus elliottii Engelm var. elliottii aos 25 anos de idade 
em Assis−SP. Revista Instituto Florestal 20(2):95-102

Silva JM, Aguiar AV, Mori ES, Moraes MLT (2012) Divergência genética entre 
progênies de Pinus caribaea var caribaea com base em caracteres quantita-
tivos. Pesquisa Florestal Brasileira 32(69):69-78. Available at https://doi.
org/10.4336/2012.pfb.32.69.69

Wei RP, Lindgren D (1996) Effective family number following selection with re-
strictions. Biometrics 52(2):525-53. Available at https://doi.
org/10.2307/2532892 

Brought to you by | Empresa Brasileira de Pesquisa Agropecuária EMBRAPA
Authenticated

Download Date | 11/28/17 2:45 PM


