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ABSTRACT - The objective of this study was to select Pinus kesya progenies by the estimation of genetic parameters using
the method of restricted maximum likelihood (Reml) and prediction of additive genetic values by the best linear unbiased
prediction (Blup). The Pinus kesya progeny test was installed in randomized blocks, which consisted of 30 progenies and
three replications. The twenty-year-old trees were evaluated for the traits diameter at breast height (DBH), height (HT) and
stem form (FOR). The DBH, HT and FOR means were, respectively, 21.89 cm, 21.89 m and 1.56 and their respective mean
heritability estimates of progenies were 0.58, 0.39 and 0.66. DBH presented the highest coefficient of additive genetic variation
(17.89%). The selection of the 80 best trees which belonged to 21 progenies provided a gain of 9.62% for FOR with a mean

of 3.81 trees selected per progeny, an effective population size of 30.86 and genetic divergence of 0.37.

Key words: improvement, selection. genetic gain, Reml/Blup.

INTRODUCTION

Among the successfully introduced exotic forest
species in Brazil, Pinus and Eucalyptus are noteworthy
genera. Among the Pinus species potentially apt for
different regions in Brazil, in particular for the southeast,
Pinus kesya, native of Vietnam and the Philippines, is
especially promising.

According to Guldager et al. (1980) Pinus kesva,
compared to other species of the same genus is defective
in terms of international wood standards. principally in
the traits stem form. thick branching and heartwood with a
large quantity of voung wood. The presence of juvenile
heartwood is common in most Pinus species, but among
the tropical species the inferior stem form and thick

branching are most pronounced in Pinus kesya. According
to Moraes et al. (1990), genetic improvement of Pinus kesva
with provenances from the Philippines and Vietnam is
targeting the elimination of these flaws since 1960 in
Zimbabwe, Rhodesia, South Africa, and Zambia. The
objectives in Brazil are the same. Encouraging results are
being obtained in the northern and central regions of the
state of Sdo Paulo, particularly at altitudes from 700 to
1000 m and under limited water stress.

The traditional methodology of analysis of variance
(method of the moments) for the estimation of genetic
parameters is not the most recommended for data analysis in
perennial species improvement (Resende et al. 2001). In view
of the frequently unbalanced data in perennial species one
should rather use methods that allow a more accurate
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prediction of genetic values. For perennial species, the
optimum estimation/prediction procedure of genetic values
is Reml/Blup, that is, the estimation of the components of
variance by restricted maximum likelihood (Reml) and the
prediction of genetic values by the best linear unbiased
prediction (Blup). Genetic parameters in Pinus are however
mostly estimated by the traditional methodology (Sebbenn
etal. 1995, Gurgel Garrido et al. 1996, Moura and Dvorak 2001,
Sampaio et al. 2002, Paludzyszyn Filho et al. 2002, Johnston
etal. 2003). Still, apart from Pinus (Missio et al. 2004a) and
eucalypt (Resende et al. 1993), the Reml/Blup procedure is
being successfully applied in other perennial species such
as rubber (Kalil Filho et al. 2000, Costa et al. 2000, Costa et al.
2002a, Costa et al. 2000b), llex paraguariensis (Simedo et al.
2002), coffee (Resende etal. 2001), peach palm (Farias Neto
and Resende 2001), Barbados cherry (Paiva et al. 2002), cacao
(Resende and Dias 2000, Dias and Resende 2001), cupuagu
(Souza et al. 2002), and king palm (Purba et al. 2001).

This study aimed at the selection of superior Pinus
kesya progenies by using the mixed model methodology, by
means of the estimation of genetic parameters by Reml and
prediction of additive genetic and genotypic values by Blup.

MATERIAL AND METHODS

Plant material

The progenies of the trial were derived from mother
trees from a clonal seed orchard of Pinus kesya Royle ex
Gordon established in 1975, in the township of Anhembi,
state of Sdo Paulo. In turn, the matrices of this orchard
came from a Pinus kesva base population implanted in
Sido Carlos - SP, by seeds originated from Vietnam and the
Philippines.

The progeny test of open pollination,
supposedly half-sibs of Pinus kesva was installed in
January 1984 on the Fazenda de Ensino e Pesquisa of
the University Estadual Paulista “Jidlio de Mesquita
Filho” — UNESP, in the township of Selviria, state of
MS (1at 20° 20" S, long 51°23” W and alt 370 m asl).
The experiment had a randomized block design. with
30 Pinus kesva progenies in three replications. The
plots arranged in rows contained five trees each in
2.0x 2.5 m spacing.

At the age of 20 years data were collected for the
traits diameter at breast height (DBH. in cm), height (HT,
inm) and stem form (FOR). A score scale was adopted for
the latter (Missio et al. 2004b). which varies from | (no

Crop Breeding and Applied Biotechnology 5:394-401, 2005

straight trunks) to 5 (a straight trunk of 4 meters, measured
base-up).

Statistical analysis

The mixed linear model applied to open-pollinated
progenies in a complete random block design, with several
tree per plot and one measurement per individual as
described by Resende (2002a)

y=Xb+Za+Wc+e
where
y, b, a, c and e are the data vectors of fixed effects (block
means), of additive genetic effects (random), of plot
effects (random common environment effects of the
plots) and of the random errors, respectively;
X, Z and W are known matrices of incidences, formed by
the values 0 and 1 which associate the incognita b, @ and
¢, respectively, to the data vector y.

Narrow-sense heritabilities of progeny mean (h =)
within progeny (flid), individual and genetic parameters
were estimated as described by Resende (2002a)
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environment of the plot;

G is the additive genetic variance;

G is the variance among plots;

6 e

G is the residual (environmental within plots + non-
additive) variance;

The effective population size (N,) and genetic
divergence (D) were obtained based on Vencovsky (1978)

and Resende (2002a)
N, = (4.N,.EQ )/ [K‘ +3+ (Gil /k, )] where

k,is the mean number of individuals selected per
progeny:
Gi[-: variance of the number of individuals selected per
progeny.
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D =N/ Ng, where 0<D <land

N, is the original number of progenies, 30 in the present
study;
N, is the effective number of selected progenies, given by:

2
N, = (Z kf)— /Z k? , where
Kk is the number of individuals selected per progeny.
The estimates of genetic parameters and predictions
of genotypic and additive genetic values were obtained
with software Selegen-Reml/Blup (Resende 2002b), using
the EM algorithm.

RESULTS AND DISCUSSION

Estimates of genetic and phenotypic parameters

The traits DBH and HT performed well, with means
of 21.89 cmand 21.89 m, respectively (Table 1). The general
mean of trait FOR (1.56) however indicated that the study
progenies were highly tortuous, with a lower mean than
Sampaio et al. (2002) found for provenances of Pinus
oocarpa (1.76) and Missio et al. (2004b), for Pinus caribaea
var. bahamensis (1.74), though superior to those found

Table 1. Estimates of the parameters narrow-sense heritability
(h) mean progeny heritability (h . plot-within additive
heritability (hld) correlation due to the common environment of
the plot (C ;). accuracy of _progeny and parent selecuon (1 i)
additive oenetlc variance (G ) variance among plots (G ) resxdual
variance (G ) phenotypic variance (Gf) coetf1c1enl of additive
genetic variation (CVE) and general mean for DBH, HT and FOR,
in 20-year-old Pinus kesya progenies

Parameters DBH HT FOR
(cm) (m)

h’ 0.36 0.23 0.53
h2 0.58 0.39 0.66
he, 0.30 0.21 0.48
¢ 0.01450 0.10420 0.04242
Gl 15.33757 4.61638 0.03121
6! 0.62097 2.06391 0.00250
Gl 26.86556 13.12749 0.02525
G; 42.82409 19.80778 0.05897
Ty 0.76 0.63 0.81
CV (%) 17.89 9.82 11.33
Mean (1) 21.89 21.89 1.56
396

by Moura and Dvorak (2001) in Pinus caribaea var.
hondurensis provenances (1.10).

In general, a high genetic variability was verified
among the progenies under study. The coefficients of
additive genetic variation were 17.89%, 9.82% and 11.33%
for DBH, HT and FOR, respectively, reinforcing the
importance of these progenies for the improvement
program of the species. The estimates of individual
heritability in the narrow sense (h*) were 0.36, 0.23 and
0.53 for DBH, HT and FOR, respectlvely The mean
progeny heritability estimates (h ) on the other hand
where the environmental effects are minimized by the
number of replications and plants per plots were 0.58,
0.39 and 0.66, respectively. Moraes et al. (1990) studied
Pinus kesya progenies and observed a mean plant height
of 9.38 m at the age of 6 years, with a genetic variation
coefficient of 6.23% and mean progeny heritability of
0.36; these values were lower than those found in the
present study. In our study the mean heritability estimates
of progenies for trait FOR were lower than those observed
by Sampaio et al. (2002) for Pinus oocarpa, and superior
to those reported by Otegbeye (1988) for Pinus caribaea
var. hondurensis, Missio et al. (2004b) for Pinus caribaea
var. bahamensis, Matziris (2000) for Pinus halapensis,
and Schermann et al. (1997) and StClair (1994) for
Pseudotsuga menziesii.

The accuracy or correlation between the predicted
and the true genetic values ranged from 0.63 for HT to
0.81 for FOR (Table 1). According to Resende (2002a),
accuracy is a measure that is associated to selection
precision and is the principal component in genetic
progress that the breeder can change in order to
maximize the genetic gain. The accuracy can be
increased by more adequate experimentation,
maintaining the same experiment size but altering the
number of plots and replications (Resende et al. 2001).
The accuracy values observed in this study were higher
than those found by Sampaio et al. (2002) in Pinus
oocarpa (for all studied traits) by Resende et al. (2001)
in coffee (for height and diameter) and by Costa et al.
(2000) in rubber (for rubber yield).

Predicted genetic values

Tables 2 and 3 present the additive genetic (a )
and genotypic effects (g, assuming a mean dominance
degree of | in a population with an intermediate
improvement level), genotypic values (1 +g) and
additive genetic values (1 +a) predicted for the 20 best
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Table 2. Genotypic effects (9), genotypic values (!:l +g). additive effects () and predicted additive genetic values (l:l +a) for the 20

best individuals of Pinus kesya, 20 years old, for FOR

{

Asexual propagation

Sexual propagation

Order Block  Progeny Tree g 1+ fg Block Progeny Tree a ;:L +a
1 1 27 3 0.52 2.08 7 27 3 0.37 1.93
) 2 26 3 0.37 1.93 3 27 4 0.27 1.83
3 3 27 4 0.35 1.9 ! 21 2 0.27 1.83
4 1 21 2 0.35 1.91 3 21 3 0.26 1.82
5 3 21 3 0.34 1.90 3 21 5 0.26 1.82
6 3 21 5 0.34 190 1 27 2 0.26 1.82
7 d 27 2 0.33 1.89 i 9. 2 0.23 1.79
8 3 24 2 0.33 1.89 o 9 5 0.23 1.79
9 1 9 2 0.32 1.88 3 24 2 0.21 L.97
10 1 9 5 0.32 1.88 3 8 4 0.21 1.77
11 3 8 4 0.32 1.88 3 23 3 0.21 177
12 1 30 5 0.32 1.88 3 23 5 0.21 1.77
13 1 17 2 0.32 1.88 1 30 5 0.20 1.76
14 3 23 3 0.31 1.87 1 19 4 0.20 1.76
15 3 23 5 0.31 1.87 2 26 3 0.19 1.75
16 1 19 4 0.31 1.87 2 27 1 0:19 1.75
17 1 10 4 0.31 1.87 2 27 3 0.19 1.75
18 2 27 1 0.21 1.77 2 27 4 0.19 1.75
19 2 27 3 0.21 1.77 2 27 5 0.19 L.75
20 2 27 4 0.21 1.77 2 21 1 0.18 1.74

H = 1.56. Numbers in italic represent the common trees for asexual propagation and numbers in bold common trees for FOR and DBH

Pinus kesya trees, for the traits FOR and DBH.
respectively.

Among the selected trees, considering asexual
propagation (ranked by g) for FOR (Table 2), 18 (90%)
matches were observed with the best trees for sexual
propagation (ranked bya ). Furthermore the sequence
of the trees (individuals) was altered by the considered
propagation type. in agreement with observations of
Resende and Dias (2000) for the trait number of fruits
per plant in full-sib cacao progenies. For trait DBH. 16
(80%) progenies were common to both propagation
systems (Table 3). The selection of the best individuals
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based on the propagation system (asexual or sexual) is
therefore closely linked to the objectives of the
improvement program of the species. If one aims at the
transformation of the progeny test into a seedling seed
orchard, the trees must be selected based on a . When
the objective is the supply of material to set up a clonal
seed orchard, then the individuals should be selected
based on g to maximize the genetic gain.

The predicted genotypic ((1+¢g ) and additive
genetic values (1 +a) for the 20 best trees varied from
2.08 to 1.77 and 1.93 to 1.74. respectively for FOR (Table
2). For the trait DBH (Table 3) the values ranged from
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Table 3. Genotypic effects (g), genotypic values (Q +g), additive effects (3) and predicted additive genetic values (}:L+ a) for the 20

best individuals of Pinus kesva. 20 years old, for DBH (cm)

Asexual propagation

Sexual propagation

Order Block Progeny  Tree g L+g Block Progeny Tree a f+a
1 1 30 5 10.61 32.50 1 30 5 7.46 29.35
2 1 29 5 8.89 30.78 1 29 S 6.19 28.08
3 1 19 1 8.22 30.11 1 19 1 5.84 27.73
4 2 24 5 8.10 29.99 2 29 1 5.20 24.09
5 3 8 1 7.87 29.76 3 8 1 5.09 26.98
6 1 16 5 7.81 29.70 2 29 5 5.08 26.97
7 3 5 3 7.33 29.22 2 24 5 5.01 26.90
8 2 29 1 7.24 29.13 1 22 3. 4.94 26.82
9 1 22 3 7.12 29.01 2 -29 4 4.66 26.55
10 2 29 35 7.04 28.93 2 49 3 4.61 26.49
11 2 9 3 6.40 28.29 d 29 3 4.51 26.40
12 2 29 - 6.34 28.23 2 30 5 4.49 26.38
13 2 19 3 6.16 28.05 2 9 ) 3 4.47 26.36
14 1 29 3 6.09 27.98 /) 16 5] 4.43 26.32
15 1 10 4 6.05 27.94 3 5 3 4.42 26.30
16 1 9 2 5.98 27.87 2 19 1 4.31 26.20
17 2 b 3 5.98 27.87 2 30 4 4.28 26.17
18 3 23 5 5.81 27.70 3 30 1 4.28 26.17
19 2 19 1 5.66 27.55 1 9 2 4.22 26.10
20 2 30 5 5.65 27.54 2 21 3 4.19 26.08

ﬁ = 21.89 cm. Numbers in italic represent the common trees for asexual propagation and numbers in bold common trees for FOR and DBH

32.50 to 27.54 and 29.35 to 26.08, respectively. In
general, the predicted genotypic ([t + &) were superior
to the additive genetic values ({t+a ), for FOR as well
as for DBH (Tables 2 and 3). which could indicate
greater possibilities of gains with the implantation of
clonal seed orchards. This will of course depend on
the selection accuracy of the genotypic values, on the
selection intensity and the genotypic variance.

The additive effects (a) and the genetic gain of
the 12 bests parents corresponded to a selection
intensity of 40% among parents (Table 4). The genetic
gains with selection of the best parents varied from
25.09 to 12.48% and 18.59 to 8.33% for the traits DBH

398

and FOR, respectively, according (o the selection
intensity. In this case it is noteworthy that if the
progenies and not the parents were recombined
(mother plants), half the gain mentioned would be
obtained. Of the 12 best parents selected for FOR
(Table 4), eight participated or were represented by
some individual (tree) in the individual selection (Table
2) and seven parents were common to both FOR and
DBH (Table 4).

The selection predicted based on DBH provided
predicted genetic gains of up to 27.26%. depending on the
number of selected individuals (Table 5). Selection for DBH
with the 80 best trees would select individuals belonging to
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Table 4. Additive effects (a),genetic
the 12 best parents of Pinus kesva, 20

Estimates of genetic parameters and prediction of additive genetic values in Pinus kesya progenies

gains (Gy) and new mean of
years old. for DBH and FOR

Trait Order Parent a G, G, (%) Mean
1 5.50 5.50  25.09 27.38
2 4.75 5.12  23.40 27.01
3 4.57 494 2253 26.82
4 4.27 477  21.80 26.66
5 331 4.48 2047 26.37
6 3.14 4.25 19.42 26.14
DBH 7 2.44 4.00 18.23 25.88
3 1.83 3.73 17.00 25.61
9 0.94 3.42 15.58 25.30
0 0.84 3.16 14.44 25.05
11 0.75 2.94 13.44 24.83
12 0.41 273 1248  24.62
1 0.29 0.29 18.59 1.85
2 0.29 0.29 18.59 1.85
3 0.20 0.26 16.67 1.82
4 0.11 0.22 14.10 1.78
5 1 0.10 .20 12.82 1.76
6 2 0.09 0.18 11.54 1.74
7 5 0.08 0.17 10.88 1.73
FOR 8 8 0.08 0.16 9.62 1.71
9 24 0.08 0.15 9.62 1.71
10 30 0.07 0.14 8.97 1.70
it 28 0.07 0.13 8.33 1.69
12 19 0.06 0.13 8.33 1.69

Parents in italic are common for the traits FOR and DBH

20 progenies, with a predicted genetic gain of 15.17%, a
mean number of 4.00 trees selected per progeny, an effective
population size of 33.59, and a genetic divergence of 0.42.
The selection predicted for the trait FOR provided genetic
gains between 7.05% and 18.59%. With the selection
simulation of the 80 best trees for FOR, we would be selecting
individuals that belonged to 21 progenies, with a predicted
genetic gain of 9.62%, mean number of 3.81 trees selected
per progenies, an effective population size of 30.86, and a
genetic divergence of 0.37 (Table 5).

CONCLUSIONS

The evaluated Pinus kesya progenies presented
potential for improvement in view of the high genetic
variability and moderate heritability estimates for the
traits FOR, DBH .and HT. The accuracy of predicted
genotypic values of the progenies was of high
magnitude, in particular for the traits FOR and DBH,
confirming the reliability of the genetic gain estimates
in the progeny test. Selection targeting vegetative
propagation would result in greater genetic gains than
seed propagation due to the superiority of the predicted
genotypic values. The predicted genetic gains with
FOR-based progeny selection showed that the progeny
test is extremely important for the improvement of this
trait in Pinus kesya.

Table 5. Genetic gains (Gy), improved population mean (M), number of selected progenies (N), mean number of selected trees per

progeny (K;), effective population size (N,) and genetic diversity (D) in function of the number of selected trees (N) for the traits DBH
and FOR in 20-year-old Pinus kesva trees

Traits N S ((,;g, M N, K; N, D
5 5.96 27.23 27.85 4 1.25 4.49 0.12
10 5.41 24.72 27.30 6 1.67 7.21 0.14
DBH 59 3.97 18.14 25.86 14 3.57 23.78 0.32
(em) g 3.32 15.17 25.21 20 4.00 33.59 0.42
120 2.73 12.47 24.62 23 5.22 43.14 0.50
150 35 10.74 24.24 27 5.56 51.82 0.59
5 29 18.59 .85 2 2.50 3.51 0.06
10 26 16.67 82 5 2.00 7.27 0.14
. 18 11.54 .74 14 3.57 19.49 0.24
80 15 9.62 7 21 3.81 30.86 0.37
120 13 8.33 69 24 5.00 44.16 0.52
150 12 7.05 1.67 27 5.56 57.15 0.67
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Estimativas de parametros genéticos e predicao de
valores genéticos aditivos em progénies de Pinus kesya

RESUMO - O objetivo deste trabalho foi selecionar progénies de Pinus kesya por meio da estimagio de parametros
genéticos pelo método de maxima verossimilhancga restrita (Reml) e predi¢do de valores genéticos aditivos pela melhor
predi¢ao linear ndo viciada (Blup). O teste de progénies de Pinus kesya foi instalado em blocos casualizados, composto por
30 progénies e trés repeticoes. Aos 20 anos foram avaliados os caracteres diametro a altura do peito (DAP), altura (ALT) e
forma do fuste (FOR). As médias para DAP, ALT e FOR foram, respectivamente, 21,89 cm, 21,89 m ¢ 1,56 e suas respectivas
estimativas de herdabilidade média de progénies de 0,58, 0,39 ¢ 0,66. DAP apresentou o maior coeficiente de variagdo
genético aditiva (17,89%). A sele¢dao das 80 melhores drvores, pertencentes a 21 progénies, proporcionou ganho de 9,62 %
em FOR, com média de 3,81 drvores selecionadas por progénies, tamanho efetivo populacional de 30,86 e divergéncia

genética de 0,37.

Palavras chaves: melhoramento, selecdo, ganho genético, Reml/Blup.

REFERENCES

Costa RB, Resende MDYV, Aratjo AJ, Gong¢alves PS and Higa AR
(2000) Selection and genetic gain in rubber tree (Hevea)
populations using a mixed mating system. Genetics and
Molecular Biology 23: 671-679.

Costa RB, Resende MDYV, Gongalves PS, Arruda EJ, Oliveira
LCS and Bortoleto N (2002a) Prediction of genotypic values
for yield trait in rubber tree-clone test trial using REML/
BLUP procedure. Crop Breeding and Applied
Biotechnology 2: 579-586.

Costa RB, Resende MDV, Gongalves PS and Silva MA (2002b)
Multivariate individual REML/BLUP in the presence of
genotype x environment interaction in rubber tree (Hevea )
breeding. Crop Breeding and Applied Biotechnology 2:
131-139.

Dias LAS and Resende MDV (2001) Estratégias ¢ métodos de
selecdo. In: Dias LAS (ed.) Melhoramento genético do
cacaueiro. FUNAPE, Vicosa, p. 217-287.

Farias Neto JT and Resende MDV (2001) Aplicagio da
metodologia de modelos mistos (REML/BLUP) na estimagio
de componentes de variancia e predi¢do de valores genéticos
em pupunheira (Bactris gasipaes L.). Revista Brasileira de
Fruticultura 23: 320-324.

Guldager P. Burley J and Armitage FB (1980) Tree breeding.
Tropical Forestry Papers 9: 149-155.

Gurgel Garrido LMA, Romanelli RC and Garrido MAO (1996)
Variabilidade genética de producido de resina, Dap e altura em
Pinus caribaea Mor. var. bahamensis Barr et Golf. Revista
do Instituto Florestal 8: 89-98.

Johnston AJ, Dieters MJ. Dungey HS and Wallace HM (2003)

Intraspecific hybridization in Pinus caribaea var. hondurensis-
II. Genetic parameters. Euphytica 129: 158-168.

400

Kalil Filho AN, Resende MDV and Costa GP (2000)
Componentes de varidncia e predicio de valores genéticos
em seringueira pela metodologia de modelos mistos
(REML/BLUP). Pesquisa Agropecuaria Brasileira 35:
1883-1887.

Matziris DI (2000) Genetic variation and realized genetic gain
from aleppo pine tree improvement. Silvae Genética 49:
5-10.

Missio RF, Dias LAS, Moraes MLT and Resende MDYV (2004a)
Selection of Pinus caribaea var. bahamensis progenies bascd
on the predicted genetic value. Crop Breeding and Applicd
Biotechnology 4: 399-407.

Missio RF, Cambuim J, Moraes MLT and Paula RC (2004h)
Seleg¢do simultanea de caracteres em progénies de Pin s

caribaea Morelet var. bahamensis. Scientia Forestalis (.6:
161-168.

Moraes MLT, Kageyama PY and Jacomino AP (199(
Parametros genéticos em progénies de Pinus kesva Royle e:
Gordon, em diferentes idades, na regido de Selviria — MS. In:
6" Congresso Florestal Brasileiro. SBS, Campos do Jordio.
p. 496-502.

Moura VPG and Dvorak WS (2001) Provenance and family
variation of Pinus caribaea var. hondurensis from Guatemala
and Honduras, grown in Brazil, Colombia and Venezuela.
Pesquisa Agropecuaria Brasileira 36: 225-234.

Otegbeye GO (1988) Genetic variation in growth and form
characteristics of Pinus caribaea. Silvae Genética 37: 232-
236.

Paiva JR. Resende MDV and Cordeiro ER (2002) Indice multi-
efeitos (BLUP) e estimativas de parametros genéticos
aplicados ao melhoramento da acerola. Pesquisa
Agropecuaria Brasileira 37: 799-807.

Paludzyszyn Filho E. Fernandes JSC and Resende MDYV (2002)

Avaliacido e seleciio precoce para crescimento de Pinus raeda.
Pesquisa Agropecuaria Brasileira 37: 1719-1726.

Crop Breeding and Applied Biotechnology 5:394-401, 2005



Estimates of genetic parameters and prediction of additive genetic values in Pinus kesya progenies

purba AR, Flori A, Baudouin L and Hamon S (2001) Prediction
of oil palm (Elaeis guineensis, Jacq.) agronomic performances
using the best linear unbiased predictor (BLUP). Theoretical
and Applied Genetics 102: 787-792.

Resende MDYV (2002a) Genética biométrica e estatistica
no melhoramento de plantas perenes. EMBRAPA
[nformacdo Tecnoldgica, Brasilia, 975p.

Resende MDYV (2002b) Software Selegen-Reml/Blup.
Embrapa Floresta, Colombo, 67p. (Documentos 77).

Resende MDYV and Dias LAS (2000) Aplicagio da metodologia
de modelos mistos (REML/BLUP) na estimacdo de parimetros
genéticos e predicdo de valores genéticos em espécies
frutiferas. Revista Brasileira de Fruticultura 22: 44-52.

Resende MDYV, Furlani Junior E, Moraes MLT and Fazuoli, LC
(2001) Estimagido de pardmetros genéticos e predi¢io de
valores genotipicos no melhoramento do cafeeiro pelo
procedimento REML/BLUP. Bragantia 60: 185-193.

Resende MDYV, Higa AR and Lavoranti OJ (1993) Predicido de
valores genéticos no melhoramento de Eucalyptus — melhor
predicio linear. In: 7" Congresso Florestal Brasileiro.
SBS. Curitiba, p. 144-147.

Sampaio PTB, Resende MDV and Araujo AJ (2002) Estimativas
de parametros genéticos e métodos de selegido para o
melhoramento genético de Pinus oocarpa Schiede. Pesquisa
Agropecuaria Brasileira 37: 625-636.

Crop Breeding and Applied Biotechnology 5:394-401, 2005

Schermann N, Adams WT, Aitken SN and Bastien LC (1997)
Genetic parameters of stem form traits in a 9-year-old costal
douglas-fir progeny test in Washington. Silvae Genética
46: 166-170.

Sebbenn AM, Pires CLS, Saldanha HX and Zanatto ACS (1995)
Teste de progénies de polinizagdo livre de Pinus tecunumanii
(Eq. Et Per.) Styles de San Rafael Del Norte, na regido de Sdo
Simio, SP. Revista do Instituto Florestal 7: 241-252.

Simedo RM, Sturion JA, Resende MDYV, Fernandes JSC, Neiverth
DD and ULBRICH AL (2002) Avaliagdo genética em erva-mate
pelo procedimento BLUP individual multivariado sob interacdo
gendtipo x ambiente. Pesquisa Agropecuaria Brasileira 37:
1589-1596.

Souza AGC, Resende MDYV, Silva SEL and Sousa NR (2002) The
Cupuagu Genetic Improvement Program at Embrapa Amazdnia
Ocidental. Crop Breeding and Applied Biotechnology 2:
471-478. ) :

StClair JB (1994) Genetic variation tree structure and its relation
to size in Douglas-fir. I. Biomass partitioning, foliage efficiency,
stem form and wood density. Canadian Journal of Forest
Research 24: 1226-1235.

Vencovsky R (1978) Effective size of monoecious populations

submitted to artificial selection. Brazilian Journal of
Genetics 1: 181-191.

401



