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Summary
The cellulose industry in Brazil uses, mainly, hybrids

between Eucalyptus grandis x E. urophylla. Not only
the volume but also the wood density has great influ-
ence in the cellulose productivity, therefore a selection
for both characteristics should be done as an alternative
to increase the improvement program efficiency. The
present work has been carried out with the objective of
comparison between Open Pollinated progenies (OP)
and hybrids performance in E. grandis and E. urophyl-
la. To do so, 15 OP progenies of E. grandis, 15 OP proge-
nies of E. urophylla, and 15 hybrids between E. grandis
x E. urophylla, plus four controls were evaluated. The
experiment was carried out from October to November
2001, in three sites, Aracruz and São Mateus, in the
Espírito Santo State, and Caravelas, Bahia State,
Brazil, in a 14 x 14 lattice design, involving the 49 treat-
ments mentioned plus other progenies not considered in
this article, with single tree plots and 40 replicates. Two
years later the circumference at breast height (CBH)
and the basic wood density (BWD) were evaluated. The
hybrids performance for CBH was higher, an average,
38,7% than the OP progenies for both species. Part of
the heterosis in relation to parental means could be
attributed to the inbreeding depression due to selfing
that occurred in the OP progenies and the dominance
controlling this character. For the BWD the hybrids per-
formance was the same of the OP progenies. Since there
was divergence between the parents, it can be inferred
that dominance has no importance for this trait. The
negative correlation between the CBH and the BWD
could impair the simultaneous selection for both traits,
depending on the wood basic density range used by the
industry.

Key words: reciprocal recurrent selection, half-sib progenies,
full-sib progenies, wood basic density, genetic correlation,
genetic variance, heterosis, Eucalyptus.

Introduction

The genetic progress obtained with Eucalyptus in
terms of wood volume in Brazil is remarkable. There-
fore, to add gains is necessary the recombination of the
best índividuals which will have news genetic progresso

In Brazil, superior clones for cellulose production have
been obtained mainly through inter-specific hybridiza-
tion, via natural or controlled pollination, owing to the
good performance for wood volume of some species in
hybrid combinations. In this respect, the combination
Eucalyptus grandis x E. urophylla is worth mentioning;
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reciprocal recurrent selection involving these species
will certainly lead to the identification of indivíduals
superior to the existing ones in the short or medium
termo

Since the objective of improvement programs is not
only to improve the volume, but also the wood quality
for cellulose production, doubts arise whether the use of
reciprocal recurrent selection will be effective to improve
these two traits simultaneously, since no heterosis was
detected for wood density (AsSIS, 2000). On these
grounds, the objective of this study was the comparison
between OP progenies and hybrids performance in
E. grandis and E. urophylla for traits of growth and
wood density and to compile information that can help
breeders at taking decisions on how to conduct recurrent
selection programs, both reciprocal and within popula-
tion, for these traits.

Material and Methods

Experiments were evaluated on three areas of the
company Aracruz Celulose S. A, in the townships of
Aracruz, ES: 19º 50' lat S and 40º 12' long W, São
Mateus, ES: 18º 36' lat S and 40º 01' long W; Caravelas,
BA 17º 47' lat S and 39º 33' long W.

To obtain the populations, the company selected 200
E. grandis and 200 E. urophylla trees and established a
seed production orchard for each by means of clone prop-
agation. A hundred-ninety-two progenies were obtained
from these two orchards, 62 of which were E. grandis
half-sibs, 68 E. urophylla half-sibs and 62 full-sibs of
E. grandis x E. urophylla. For 15 full-sib progenies, the
respective OP progenies of each population were avail-
able, while for 22 full-sib progenies only one of the par-
ents was available. Four commercial clones were includ-
ed in the trials as controls.

The experiments were established between October
and November 2001, in a 14 x 14 lattice design with 40
replicates and single tree plots. The plants were spaced
3 x 3 m and the commonly used management for com-
mercial stands was applied in the experiments.

Two years after the implantation of the experiments
the following data were collected: circumference at
breast height (em) and penetration of pilodyn needle
into the wood (mm).

Based on the pilodyn evaluation the basic wood densi-
ty (kg.m") was estimated by the expression: Density =
615-11 * Pilodyn reading (R2= 0,6530). To establish this
expression, 142 two-year-old trees of different eucalypt
species had previously been evaluated with the pilodyn
and the wood density had been determined thereafter in
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the laboratory. The regression equation between the
pilodyn reading and the basic wood density was con-
structed on these underlying evaluations.

For both traits variance analyses were done for each
site and then a joint analysis involving the three sites
was performed by using the following model:

Yijkl= m + t + bj(k)+ rkO)+ 11+ (tl)il + e(ijk)

Where:
Yijkl:is the observed value in the plot that received the

ith treatment, in the jth block, in the kth replicate
and in the lth site;

m: common constant of all observations;
ti(\): random effect of the ith treatment

(i = 1,2,3, ... ,196);
bj(k):random effect of the jth block within of the kth

replicate and ofthe lth site (j = 1,2,3, ... ,14);
rk(l): random effect of the kth replicate within of the lth

site (k = 1,2,3, ... ,40);
11: random effect ofthe lth site 0=1,2,3);
(tl)i\: random effect ofthe interaction between ith

treatments and the lth sites;
e(ijk):experimental error associated with the observa-

tion Yijkl'with distribution e(ijk)-N (0,<12
).

As there were missing plants the statistical analyses
were run using the Procedure for Mixed Linear Models
(PROC MIXED) of SAS®(SAS INSTITUTEINC.,2000). The
command solution was used to obtain the predicted
genotypic deviations (g';) of each treatment type from the
common constant to all observations. Then the gi were
added to this constant to obtain the genotypic values of
each treatment (BLUPs). The hybrids performance in
relation the parents were obtained by the expression:

G;+U/
vii ~ UG(/ - 2

Where:
UGij: genotypi~. value of the inter-specific full-sib

progeny ij;

Gi and Uj: genotypic value of the OPi of E. grandis
and j of E. urophylla, parents of the full-sib
progeny ij.

The correlation between the progenies mean across
locations were estimated pair wise. At each location, the
correlation between the evaluated traits was also
obtained (STEELet al., 1997).

Results and Discussion
The interactions involving progenies x locations,

despite significant, were of small magnitude. For cir-
curnference at breast height, for example, regardless of
the progenies origin, the component of interaction
accounted for only 8.0% of that attributed to the proge-
nies. This value was slightly higher for basic wood den-
sity, around 12.0%. Similar results regarding the treat-
ments x locations interaction were obtained in other
experiments involving clone evaluation and conducted
at the same sites (LIMA et al., 2000; REZENDEand
RESENDE,2001). Likewise, in the evaluation of hybrids
in experiments contiguous to these, using one plant per
plot, the treatments x locations interaction was also of
small magnitude.

The estimates of correlations between the mean per-
formance of the progenies across sites two by two were,
in the most cases, higher than 0.8 (Table 1). This fact
indicates that the interaction was predominantly simple
(VENCOVSKYand BARRIGA,1992). It can therefore be
expected that it does not modify the progenies ranking
expressively. So, the focus of discussions will be directed
towards progeny performance at the level of means
across sites.

There were significant differences between the evalu-
ated progenies for the two traits. In the decomposition,
it was observed that the between progeny variances
obtained for the intra-specific OP progenies of E. gran-
dis and E. urophylla were different from zero. The same

Table 1. - Estimates of correlation between the mean performances of the each type
(G = E. grandis open pollinated families; U = E. urophylla open pollinated families;
GU = E. grandis x E. urophylla full sib families) of progeny in pair of sites for the
circumference at breast height (CBH) and basic wood density (BWD).

CBH (em)

Caravelas

OU O U OU

0,89 0,86 0,58 0,74

0,86 0,86 0,76

BWD (kg.m'3)

0,84 0,89 0,72 0,86

0,96 0,87 0,94

Sites São Mateus

O U
-_.-_.-- ------

Araeruz 0,85 0,70

São Mateus

Araeruz 0,92 0,83

São Mateus
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was verified for the inter-specific progenies. Considering
each progeny type separately, the amplitude of variation
in relation to the mean, for CBH, was not the same
between the sites. At the means level across site, it was
48.5% for E. grandis progenies, 40.6% for E. urophylla
progenies and 31.4% for the full-sib progenies. For BWD
on the other hand, the amplitude of variation in relation
to the mean was around 10.0% for the three progeny
types (Table 2).

For CBH, the E. urophylla progenies performance
was, in average, 31.7% superior to that obtained for the
E. grandis progenies. For BWD however, the mean per-
formance of E. grandis progenies was similar to that of
E. urophylla (Table 2). Nevertheless, were measured
young plants. There are little information about that in
the literature. In one of these, PEREIRAet al. (2000)
reports a greater BWD to E. urophylla.

The inter-specific progenies presented a performance
38.7% higher than the mean of the intra-specific proge-
nies for CBH. On the other hand, for BWD, the genotyp-
ic value of the inter-specific progenies was only 1.18%
(P $; 0.01) below the genotypic value of the intra-specific
progenies (Table 2). The superiority of E. grandis x
E. urophylla hybrid combinations at meeting the
requirements of the cellulose industry with vigorous
growth and good wood quality has repeatedly been stat-
ed (REZENDEand RESENDE,2000; AsSIS, 2000; VERRYN,
2000; BOUVETand VIGNERON,1996; BERTOLUCCIet al.,
1995). For this reason, hybrids of these two species have
taken into commercial use in several countries such as

Brazil, South Africa, Colombia, Venezuela, and in the
Congo (RESENDE,2002).

The controls used in the experiments were commercial
clones of the company, which performed well at the dif-
ferent sites of eucalypt cultivation. This fact was corrob-
orated in our study. The genotypic value of the controls
was superior to that of the intra-specific progenies for
the two analyzed traits. However, for CBH, the mean
performance of the inter-specific progenies was slightly
greater than that of the controls (Table 2). The ampli-
tude of variation of full-sib progenies in relation to the
mean performance indicates that there is sufficient
genetic variability to enable breeders to select individu-
als that outperform the controls.

The obtained estimates of vigor show superiority of
the inter-specific progenies in relation to the intra-spe-
cific for CBH with a variation between them of the
10.0% to 69.0%. For BWD this variation was close to
zero (Table 3).

Therefore, the value of the vigor to represent the het-
erosis can be overestimated. In the Eucalyptus genus
the frequency of self-pollination can vary from 10% to
30 % (ELDRIDGEet al., 1997). In this way, part of vigor of
the hybrids in relation to the mean of the parents could
be attributed to the inbreeding depression due the self-
ing that occurred in the OP progenies. VOLKERet al.
(1994) and HODGEet al. (1996) talk too about the influ-
ence of the inbreeding depression on the heritability
estimates in E. globulus. Is so difficult to isolate the
effect of inbreeding depression due the selfing of the OP

Table 2. - Means and amplitude of variation (A) for the circumference at breast height
(CBH) and basic wood density (BWD) by site.

CBH (em)

E. gronms E. urophy//o GU
Sites Mean A Mean A Mean A

Araeruz 20,50 7,84 (38,24i 25,90 5,93 (22,90) 30,38 8,77 (28,46)

São Mateus 22,59 12,75 (56,44) 30,36 15,27 (50,30) 37,36 12,94 (34,63)

Caravelas 19,19 9,76 (50,86) 25,69 12,50 (48,66) 32,25 10,02 (31,07)

Means 20,75 (48,51) 27,32 (40,62) 33,33 (31,39)

Controls 31,9

BWD (Kg.m-3)

Araeruz 429,23 31,52 (7,34) 422,85 38,20 (9,03) 422,37 37,96 (8,98)

São Mateus 407,91 41,68 (10,21) 407,42 40,33 (9,90) 404,32 33,06 (8,18)

Caravelas 393,70 53,75 (13,65) 391,54 40,10 (10,24) 385,27 52,80 (13,70)

Means 410,28 (10,4) 407,25 (9,72) 403,99 (10,28)

Controls 420,6

1AI mean * 100.
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Table 3. - Estimates of vigor (h) of the full-sib progenies between E. grandis x E. uro-
phylla, in relation to the genotypic value of the open pollinated progenies of E. grandis
and E. urophylla for circumference at breast height (CBH) and basic wood density
(BWD) at the age oftwo years; mean results across the three environments.

CBH (em) BWD (kg.m")

Progeny GlI Ul! GUlI h(%) G U GU h(%)

17,02 29,23 34,45 48,93 404,81 408,20 392,17 -3,53

2 21,82 30,82 34,34 30,30 392,56 393,07 390,09 -0,69

3 17,67 26,64 31,87 43,39 428,65 407,22 413,89 -0,97

4 25,65 20,57 30,69 32,51 403,91 399,05 403,69 0,55

5 19,26 22,31 35,01 68,84 425,29 429,40 414,23 -3,07

6 18,08 27,91 31,18 34,98 418,50 417,73 421,43 0,79

7 17,11 23,60 29,14 44,95 419,33 414,89 411,00 -1,46

8 23,35 28,73 30,70 17,91 405,18 399,93 406,17 0,90

9 23,30 29,44 37,55 42,02 405,36 414,04 407,94 -0,43

10 21,30 29,21 34,52 36,42 406,09 405,65 398,76 -1,75

11 23,09 26,73 34,00 36,04 396,70 394,95 400,06 1,07

12 16,72 27,61 33,76 51,67 434,47 404,37 409,93 -2,26

13 23,85 26,19 39,40 57,05 394,80 392,85 380,00 -3,51

14 18,54 30,40 32,96 34,61 417,16 407,96 396,88 -3,80

15 24,60 30,53 30,29 10,11 401,35 419,74 413,65 0,76

Mean 20,75 27,32 33,23 38,7 410,28 407,27 403,99 -1,16

11 G - open pollinated progenies of E. grandis; U - open pollinated progenies of
E. urophylla; GU - full-sib progenies of E. grandis x E. urophylla.

progeny from that due the vigor in the cross, however,
even if the leveI of selfing was high in the DP one would
not expect inbreeding to explain all of the 38.7% aver-
age difference found between DP and hybrids material.
Results evidenced that dominance occurs in the CBH
expression. For basic wood density on the other hand,
since the parents were also divergent, one can infer that
the absence of heterosis is due to the absence of domi-
nance in the expression of this trait.

Results found in literature show that heterosis exists
for traits associated to plant growth, also evidencing the
occurrence of dominance in the genetic control of wood
volume (REZENDEand RESENDE,2000; BOUVETand
VIGNERON,1996). Heterosis has however not been
detected for wood density (AsSIS, 2000). These results
agree with those obtained in the present study. In rela-
tion to the estimates of inbreeding depression for the
two traits our results were also concordant with others.

Table 4. - Estimates of the genetic correlations (rG) between circumference at
breast height (CBH) and basic wood density (BWD) in the eva1uation of half-sib
progenies of E. grandis and E. urophylla, and full-sib progenies between the two
species, at the age oftwo years.

Aracruz São Mateus Joint ana1ysisCaravelas

rG pll rG P rGrG p p

-0,57 0,00 -0,39 0,00

1/ probability value (type I error) for t testo

-0,50 0,00 -0,50 0,00
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Using elite clones of the Aracruz Celulose S. A, the esti-
mate of the inbreeding depression to self versus parent
clones was, in the mean, 17.0% for CBH and only 4.0%
for BWD (BISONet aI., 2004).

Apart from the occurrence of epistasis, the mean per-
formance of a hybrid is function of the parents mean, of
the contribution of the loci in homozygosis and also of
heterosis. So the performance per se of the parents is not
sufficient to obtain good hybrid combinations. Corre-
lations between the mean of parents based on OP and
hybrids were 0.22 for CBH and 0.77 for BWD (results
not shown), Correlations between the performance per
se of parents and hybrids in Eucalyptus were not found
in literature. Still, no association has been found for
maize between the performance per se of lines and
hybrids derived thereof (BERNARDO,2002). These results
show the need to obtain hybrid combinations and identi-
fy the most promising among them.

The existence of vigor for CBH but not for BWD
implies that forest tree breeders have to use different
strategies for the improvement of these two traits. In
this case, there is an additional drawback - the negative
correlation between CBH and BWD, despite not of great
magnitude (Table 4). An alternative to improve simulta-
neous two traits would be establishing a selection index
(BERNARDO,2002). Another alternative would be the use
of independent selection leveIs (FALCONERand MACKAY,
1996). In other words, only progenies and or individuaIs
with greater circumference at breast height that present
the minimal acceptable density by the ceIlulose industry
would be selected. In this situation the negative correla-
tion would be less important.

The use of these combinations to get new clones in the
company wiIl surely provide genetic gains that exceed
the reported ones. The best alterna tive for selection of
best individuaIs would be based on predicted genotypic
values of each one, using the mixed model methodology
(RESENDE,2002). In this case, the best individuaIs could
be selected by the individual BLUP methodology, consid-
ering alI evaluated fuIl-sib progenies, which would make
the application of very high selection intensity, since
around 7.000 inter-specific hybrid trees were evaluated.

Conclusions

The presence of heterosis for circumference at breast
height was high, an average, 38.7% than the OP proge-
nies for both species. Part of the heterosis in relation to
parental means could be attributed to the inbreeding
depression due to selfing that occurred in the OP proge-
nies and the dominance controlling this character.

As the vigor was practicaIly zero for basic wood densi-
ty and there was divergence between the parents it was
concluded that the aIlelic interaction of dominance is
less important for this trait.
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