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Abstract - Full-sib progenies were evaluated with the objective of comparing the performance of selected individuals in

progenies tests with their clones in clonal tests. The experiments were carried out in randomized complete block design with

five replications, five plants per plot, spaced at 3 m x 3 m, and four controls. The wood volume of each tree was determined

after four years of growth. The 173 selected trees in the progeny test were used in the clonal tests in two different locations. The

same experimental design was used with 20 replications, one tree plot, spaced at 3.5 m x 2.15 m with a border, and 13 controls

(commercial clones). The growth traits of each tree were determined after two years of planting. Genetic parameters were

estimated using general linear models. Realized heritability was greater than 80% indicating that the selection of trees in the

progeny test was efficient.
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INTRODUCTION

The successful culture of Eucalyptus for production

of cellulose and paper in Brazil has derived mainly from

the careful selection of clones and competent technical

management, and has contributed to an increase in wood

production from 20 m3 ha-1 per year in 1960 to 40 m3 ha-1

per year in 1998 accompanied by a concomitant increase

in cellulose yield (Vencovsky and Ramalho 2006). In

commercial plantations it is common elite trees are

selected and cloned with the aim of increasing

productivity. Since such trees that originate from natural

hybridization exhibit large genetic variability, these are

expected to be exploited by breeders for further selection

(Zobel and Talbert 1984).

However, nowadays additional genetic enhancement

of such trees is difficult from population resampling,

and other methods are needed in order to increase the

chances of generating novel superior genotypic

combinations (Gonçalves et al. 2001). The technique of

artificial hybridization allows the combination of desired

characteristics (Chaperon 1987, Assis 2000, Assis and

Máfia 2007). This method involves the controlled crossing

of individuals and the generation of various progenies that

may be subsequently evaluated in field experiments. Such

experiments, which are referred to as progeny tests,

represent a substantial expense for the wood industry

and demand considerable knowledge and skill of the

breeders.
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In progeny tests, the selection of individuals for

cloning has been performed exclusively on the basis of

the phenotypes and such an approach has certainly

resulted in improved productivity (Marcó and White 2002).

However, with the computing technology advances, the

mixed model methodology has been introduced into

Eucalyptus breeding programs in order to improve the

selection procedure (Resende 2002). As part of this

procedure, Eucalyptus elite trees are identified by Best

Linear Unbiased Prediction (BLUP) and subsequently

evaluated through clonal tests in which a large number of

clones are examined in order to maximize the chances of

identifying trees that exhibit genetic merit. In this context,

it is important to determine if there is good correspondence

between the performance of trees selected in the progeny

tests and their clones selected in the clonal tests. The

knowledge of such correlation is very important in the

development of new breeding strategies. Little information

is available in literature concerning this aspect. The aim of

the present study was to compare the performance of

Eucalyptus trees selected in progeny tests with the

performance of the clones derived there from.

MATERIAL  AND  METHODS

The present work was based on data provided by

Veracel Celulose S.A. company located in Eunápolis, Bahia,

Brazil (16º 22’39" lat S, 39º 34’49" long W and 189 m alt asl).

The investigation was conducted in two phases, namely,

a progeny test involving the evaluation of full-sib

progenies and clonal tests involving the evaluation of the

selected trees in the progeny tests.

Progeny tests

Full-sib progenies, obtained from the controlled

hybridization of six Eucalyptus species (Table 1), were

used in experiments conducted in the different locations

1, 2 and 3 (Table 2). The experiments were allocated in a

randomized complete block design with five replications,

five plants per plot, spaced at 3 m x 3 m, and four controls

(commercial clones). The experiments were implanted in

August 2000, and the wood volume (m3) of each tree was

determined after four years of growth.

Statistical analyses were performed using the

procedure for general linear models from software SAS

(SAS Institute Inc 2000) and Selegen (Resende 2007). The

ranking of the trees was established by considering the

genetic deviations by the mixed models methodology

Table 1. Progenies derived from controlled crossing of Eucalyptus

species

*196 progenies were evaluated by locations, being 132 of then common

to all three locations.

Table 2. Locations of experiments

Locations Latitude (South) Longitude (West) Altitude (m)

1 16° 47’25,09” 39° 18’23,23” 73

2 16° 05’40,59” 39° 19’10,13” 117

3 16° 20’20,70” 39° 35’35,61” 189

4 16° 18’07,36” 39° 20’25,84” 122

5 16° 41’38,41” 39° 23’29,40” 102

(BLUP). The individual and joint analyses involved all of

the 132 progenies common to the three locations and four

controls were carried out using the procedure for general

linear models from SAS (SAS Institute Inc 2000) and

according to the following statistical model: Yijwl = m + pi

+ lw + bj(w) + (pl)iw + eij(w) + dl(ijw) in which: Yijwl: observation

of progenie i, in the replication j, in the location w; m:

mean effect of the trait; pi random effect of progenie i = 1,

2, 3, ..., 132; aw: random effect of location w = 1, 2, 3; bj(w):

random effect of replication j, within of the location w;

(pl)iw: random effect of interaction between progeny i and

location w; eij(w): random effect error of each plot, within

of the location w,                          dij(k): random effect plant

k within of the plot ij. The genetic variances between

progenies (σ2) by location and joint analysis, the

variances of the interaction progenies x locations (σ2) and

the error associated with these estimations, were estimated

(Ramalho et al. 2005).

Clonal tests

The 173 trees selected in the progeny test were used

in the clonal tests, which were implanted in 2005 and

conducted in locations 4 and 5 (Table 2). The experiments

p

pl

(ij)
I �e N(0, ²).
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were carried out in randomized complete block design with

20 replications, single tree plot, spaced at 3.5 m x 2.15 m

with a border, and 13 controls (commercial clones). The

wood volume (m3) of each tree was determined after two

years of growth.

Statistical analyses were performed using the

procedure for general linear models from SAS (SAS

Institute Inc 2000). The individual analyses were realized

and subsequently the joint analysis involved all of the

clones common to the two locations. The joint analyses

were realized according to the following statistical model:

Yijw = m + ci +lw + (cl)iw + bj(w) + e(ijw), in which: Yijw

observation of clone i, in repetition j; in locations w; m:

mean effect for the trait; ci: randon effect of clone i (i = 1,

2, 3,..., n); lw random effect of location w = 1, 2; bj(w): random

effect of repetition j, within of the location w; (cl)iw: random

effect of interaction between clone i and location w; e(ijw)

random effect of error, 
(ij)

I �e N(0, ²).

Genetic and phenotypic parameters were estimated

from the expected mean square values obtained in the

analyses of variance. The genetic variances between

clones (σ2) by location and joint analysis, the variances of

the interaction clones x locations (σ2) and the errors

associated with these estimates were established using

the methodology described by Ramalho et al. (2005). The

heritability was estimated by the expression, , in

which  is the phenotypic variance between the mean of

clones by location and multi-locations. The errors of the

heritability estimate were obtained by Knapp et al. (1985).

Since the progeny and clonal tests were carried out

in different years and locations, the results obtained were

adjusted in order to allow direct comparisons between the

two tests. For this purpose, relative mean volumes were

calculated from the volumes of the trees selected in the

progeny and clonal tests in comparison with the volumes

of the control clone ‘361’ cultured under identical conditions.

Similar procedures were used for each of the replications.

On the basis of data obtained employing a selection

intensity of 10%, the following parameters were estimated:

(i) the selection gain (expressed as a percentage) in relation

to the mean values of the controls ;

and (ii) the realized heritability (Fehr 1987) as estimated

according to the estimator , where Moi is

the mean of all trees selected in the progeny test, Msi is

the mean of the trees in the progeny test leading to the

best 10% clones, Moj is the mean of the clonal test, and

Msj is the mean of the 10% best clones in the clonal test.

Results and Discussion

Progeny tests

The analysis of variance for wood volume revealed

significant F-test values (P < 0.01) for the sources of

variation associated with locations, treatment and the

interaction between treatment x locations. Decomposition

of the treatment effects revealed that there were significant

differences between progenies, controls and the contrast

progeny vs controls, indicating that the mean values of

the controls were different from those of the progenies

(Table 3).

p

c

d

Table 3. Variance joint analyses and estimation of the genetic

parameters obtained from the individual and joint analyses carried

out in the progeny tests for years old trees for wood volume (m3)

** Significant at the 1% probability by F test; + Volume (m3/plant) x

10-5; a  Genetic variance between the progenies in location 1; b Errors

associated with the estimates σ2, σ2, σ
2,  and σ2; c Genetic variance

between the progenies in location 2; d Genetic variance between the

progenies in location 3; e Genetic variance between the progenies in

the joint analysis; f Variance of interaction between progenies x

locations; g Correlation coefficients of the average performance of

progenies in paired locations (1 x 2, 1 x 3 and 2 x 3).

^
pl

^
p2 p3

^^
pl
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between the locations (Figure 2). No significant differences

were detected, however, in the interaction between clones

x locations indicating that the clones performed similarly

in both locations (Table 4). Estimates of the genetic variance

in each location and in the locations average were all

significantly different from zero. It is noteworthy that the

heritability estimates for selection in the mean of the clones

was high on location and also in joint analysis, indicating

favorable selection conditions (Table 4). The heritability

estimates obtained were higher than those reported

previously for Eucalyptus spp. (Volker et al. 1990, Paula et

al. 2002, Pádua et al. 2004).

The variation among progenies in all of the locations

can be clearly observed in Figure 1. When considering all

locations, the amplitude of variation is equivalent to

0.515im³, i. e. 3.12-fold greater than the general mean of the

progenies. Of the 10.713 trees evaluated in the experiments,

3184 exhibited volumes larger than one standard deviation

above the mean value of the controls, thus demonstrating

the high potential of the population for selection.

Figure 2. Clonal tests: distribution of clones according to volume

(m³ plant-1) in (a) location 4, (b) location 5.

Estimates of the genetic variance among progenies

were significantly different from zero, suggesting the

existence of variation for wood volume. The corresponding

component to the interaction progenies x locations (σ2)

was, however significant, small (i.e. σ2 < σ2). Estimates of

the correlations between the average performances of the

progenies in the locations considered, two by two, ranged

from 0.78 to 0.81 (Table 3). From these results we can infer

that the interaction progenies x locations was of small

magnitude, and has a major contribution to the simple part,

as suggested by Vencovsky and Barriga (1992). The existence

of an interaction progenies x locations in the culture of

Eucalyptus in Brazil has been described previously (Pereira

et al. 1997, Nunes et al. 2002). However, as confirmed in

the present study, the participation of this component of

interaction to the total variation is small. Pereira et al. (1997)

for example, reported a value of  σ2 /σ2 < 17% following

studies involving the selection of Eucalyptus camaldulensis.

In principle, these results favor the selection of individual

trees since they are selected in one location and clones

will be evaluated and, subsequently, recommended for

cultivation in locations that may not necessarily be the

same as that employed in the selection process.

Clonal tests

The joint analysis demonstrated that there were

significant differences (P < 0.01) between the clones and

Figure 1. Progeny tests: distribution of progenies according to

volume (m³ plant-1) in (a) location 1, (b) location 2, (c) location

3, (d) all three locations.
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Table 4. Variance joint analyses and estimation of the genetic

parameters obtained from the individual and joint analyses carried

out in the clone test for two year old trees

** Significant at the 1% probability by F test; + Volume (m3/plant) x

10-5; a Genetic variance between clones in location 4; b Errors associated

with the estimates σ2, σ2, σ2 and σ2; c Genetic variance between clones

in location 5; d Genetic variance between clones in the joint analyses;
e Variance of interaction between controls x locations;  f Phenotypic

variance between clones in location 4; g Phenotypic variance between

clones in location 5; h Phenotypic variance between clones in the joint

analyses; i Heritability in location 4; j Limits (range) associated with

estimates; k Heritability in location 5; l Heritability in the joint

analyses; m Genetic correlation coefficient between locations 4 and 5.

^ ^ ^ ^
c4 c5 c cl



164                                                                                                        Crop Breeding and Applied Biotechnology 10: 160-165, 2010

RRG Fonseca et al.

The estimate of the gain with selection between

Eucalytpus clones, with reference to clone 361, was high

(34%). Garcia and Nogueira (2005) estimated gains of 22%

with the selection, with reference to the mean of the clones.

It is important to emphasise that, in the present study, the

estimate of gain was based only on the gain of individuals

selected in the progeny test (n = 173), and that a higher

value could have been achieved if all individuals (n = 10713)

had been considered.

Since the progeny and clonal tests were conducted

in different years and locations, it was necessary to adjust

the data by reference to the values determined for the

commercial clone 361, which was common to all

experiments. The relative mean volume of the 17 trees

selected (MSi = 1.99) was 1.48-times higher than the mean

of the 173 trees (Moi = 1.421). On the other hand, the mean

of the clones derived (Msj = 1.479) from such trees was

1.34-fold larger than the overall mean volume (Moj = 1.103)

(Figure 3). In this condition, the realized heritability (h2),

was 0.84. The high estimate obtained suggests that the

conditions employed were favorable for breeding since

the selection of trees in the progeny test was efficient in

identifying the best clones. Realized heritability estimates

for Eucalyptus are not available in literature and hence

comparisons with other reports are not possible.
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Figure 3. Distribution of individuals selected in the progeny test

(a) and clone test (b) according to volume (relative to that of

clone 361). (Mo
i
 is the mean value of the original population

(individuals selected in the progeny test), Ms
i
 is the mean value of

the individuals selected in the original population (Mo
i
), Mo

j
 is the

mean value of the clonal test, and Ms
j
 is the mean value of the

individuals of population Mo
j
 corresponding to the individuals

selected in population Mo
i
).

Herdabilidade realizada na seleção de árvores de

Eucalyptus spp. por meio de teste de progênie

Resumo - Progênies de irmãos germanos foram avaliadas com o objetivo de comparar o desempenho de árvores selecionadas em

testes de progênies com seus respectivos clones nos teste clonais. Os experimentos foram implantados em blocos completos

casualizados com cinco repetições e cinco plantas por parcela, no espaçamento de 3 x 3 m e quatro testemunhas. O volume de

madeira de cada árvore foi avaliado no segundo e quatro anos. As 173 árvores selecionadas no teste de progênies foram avaliadas

em testes clonais em dois diferentes locais. O mesmo delineamento experimental foi utilizado, porém com 20 repetições e parcelas

de uma planta, no espaçamento de 3,5 x 2,15 m e 13 clones comerciais como testemunhas. Os caracteres de crescimento de cada

árvore foram determinados no segundo ano de campo. Parâmetros genéticos foram estimados usando modelos lineares generalizados.

A herdabilidade realizada foi superior a 80%, indicando que a seleção de árvores no teste de progênies foi eficiente.

Palavras-chave: progênies de irmãos germanos, melhoramento, seleção clonal, interação genótipos x ambientes, ganho de seleção.
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