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ABSTRACT - The objeetive ofthis study was to seleet Pinus kesya prog enies by lhe estimation of g enetic p arameters using
lhe method of restricted maximum likelihood (Remi) and prediction of additive genetic values by the best linear unbiased
prediction (Blup ). The Pinus kesya progeny tesl was installed in randomized b/oeks. which consist ed of 30 progenies and
three replications. Tlze twenty-year-old trees were evaluated for lhe traits diameter at breast heiglit (DBH), height (HT) and
st em form (FOR). The DBH, HT and FOR means \Vere, respectively, 21.89 em, 21.89111 and 1.56 and their respective mean
herit ability estimares of progenies were 0.58, 0.39 and 0.66. DBH presented the highest coefficient of additive genetic variation
(17.89%). Tlze selection ofthe 80 best t rees whicli belon ged 1021 progenies provided a gain 0/,9.62%for FOR witli a mean
of 3.81 trees selected per prog eny, an effective population si:e 0/,30.86 and genetic diverg ence ofO.37.

Key words: improvement, selection, genetic gain. RemllBlup.

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 el aI. (1980) Pinus kesva,
compared to other species of the same genus is defective
in terms of international wood standards. principally in
the traits stem formo thick branching and heartwood with a
large quantity of young wood. The presence of juvenile
heartwood is common in most Pinus species. but among
lhe 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 kesya
with provenances from lhe 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 São Paulo. particularly at altitudes from 700 to
1000 m and under limited water stress.

The traditional methodology of analysis of variance
(rnethod of the rnoments) for lhe estimation of genetic
pararneters is not the most recomrnended for data analysis in
perennial species improvement (Resende et al. 200 1). ln view
01' the frequently unbalanced data in perennial species one
should rather use methods that allow a more accurate

'BlOAGRO. Universidade Federal de Viçosa IUFV). 36571-000. Viçosa. MG Brusil. .•E-mail: rfmissio@yalIoo.com.br
~Dcpurtameuto de Fuotecnia. Tecuolog iu de Alimentos e Sócio-economia da Faculdade de Engenharia de Ilha Solteira/UNESP. C. P. 31. 15.385-000. Ilha Solteira.
SP. Brasil
. Centro Nacionul de Pesquisas de Florestas. Embrapa. C. P. 28. S3.~ li-DOU. Colombo. PR. Brasil

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



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

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 (RemI) and the

\

prediction of genetic values by the best linear unbiased
prediction (Blup), Genetic parameters in Pinus are however
mostly estirnated by the traditional methodology (Sebbenn
etal, 1995,Gurgel Ganido et ai. 1996, Moura and Dvorak 200 1,
Sampaio et a!. 2002, Paludzyszyn Filho et a!. 2002, Johnston
et a!. 2003). Still, apart from Pinus (Missio et a!. 2004a) and
eucalypt (Resende et a!. 1993), the Reml/Blup procedure is
being successfully applied in other perennial species such
as rubber (Kalil Filho et a!. 2000, Costa et a!. 2000, Costa et a!.
2002a, Costa et a!. 2000b), Ilex paraguariensis (Simeão et a!.
2002), coffee (Resende et a!. 200 1), peach palm (Farias Neto
and Resende 200 1),Barbados cherry (Paiva et a!. 2002), cacao
(Resende and Dias 2000, Dias and Resende 2001), cupuaçu
(Souza et al. 2002), and king palm (Purba et a!. 200 1).

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 Remi and
prediction of additive genetic and genotypic values by Blup.

MATERIAL AND METHODS

Plant material
The progenies ofthe 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 São Paulo. In turn, the matrices of this orchard
carne from a Pinus kesva base population implanted in
São 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 "Júlio de Mesquita
Filho" - UNESP, in the township of Selvíria, state of
MS (lat :200 20' S. long 510 23' W and alt 370 m asl ).
The experiment had a randomized block designo with
30 Pin us kesva progenies in three replications. The
plots arrariged in rows contained five trees each in
2.0 x 2.5 m spacing.

At the age of 20 years data were collected for the
traits diarneter at breast height (OBH. in em), height (HT,
in 111) and stern form (FOR). A score scale was adopted'for
lhe lauer (Missio et a!. 2004b). which varies frorn I (no

Crop 8reeding 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 severa I
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 O and 1 which associate the incognita b, a and
c, respectively, to the data vector y.

Narrow-sense heritabilities of progeny mean (h~),
within progeny (I~~d)'individual and genetic parameters
were estimated as described by Resende (2002a)

1;2 = 0.25&;
111 0.25&~+&~/b+&~/(nb)

?

h 2 = --=-__ cr-=-~_---=-
? ) Jcr; + cr~ + cr~

)") a:
c = J J ,is the correlation due to the common

cr~ + c; + cr~
environment of the plot;

&: is the additive genetic variance;

&~is the variance among plots;

&~ is the residual (environmental within plots + non-

additive) variance:
The effective population size (Ne) and genetic

divergence (O) were obtained based on Vencovsky (1978)
and Resende (2002a)

k . is the mean number of individuaIs selected per
progeny:
0~r= variance of the nurnber of individuais selected per
progeny.

395



RF Missio et aI.

D = Ner / Nro where O ~ D ~ Iand

Nro is the original number of progenies, 30 in the present
study;
N cf is the effeetive number of seleeted progenies, given by:

N ef = (Ik r Y II k ~ ,where

k, is the number of individuaIs seleeted per progeny.
The estimates of genetie parameters and predictions

of genotypic and additive genetie values were obtained
with software Selegen-Rernl/Blup (Resende 2002b), using
the EM algorithm.

RESULTS AND DISCUSSION

Estimates of genetic and phenotypic parameters
The traits DBH and HT performed wel!, with means

of21.89 em and 21.89 m, respeetively (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 aI. (2002) found for provenanees of Pinus
oocarpa (1.76) and Missio et al. (2004b), for Pinus caribaea
varo bahamensis (1.74), though superior to those found

Table 1. Esti mate s of the pararneters narrow-sense heritabi lity
(h'), mean yrogeny heritability (h;,L plot-within additive
heritability (h~d)' correlation due to the common environment of-, -the plot (C~). accuracy of progeny and parent selection (r,,),
additive genetic variance (ã'), variance amonz plots (ã') residual2 .1 e c'
variance (Gol, phenotypic variance (cr;), coefficient of additive
genetie variation (CV,l, and general rnean for DBH, HT and FOR.
in 20-year-old Pinus -kesya progenies

Parameters DBH HT FOR
(em) (rn )

h' 0.36 0.23 0.53

h~l 0.58 0.39 0.66

I~;d 0.30 0.21 0.48

ê2 0.01450 0.10420 0.042 ..•2
p

- , 15.33757 4.61638a- 0.03121

- ,a- 0.62097 2.06391 0.00250c

- ,
26.86556a~ 13.127 ..•9 0.02525

- ,
ar 42.82409 19.80778 0.05897

r:lJ 0.76 0.63 O.SI

CV,{'if,) 17.89 9.82 11.33

Mean (Çt) 21.89 21. 89 1.56
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by Moura and Dvorak (2001) in Pinus caribaea var,
hondurensis provenanees (1.10).

In general, a high genetie variability was verified
among the progenies under study. The eoefficients of
additive genetic variation were 17.89%,9.82% and 11.33%
for DBH, HT and FOR, respectively, reinforcing the
importanee of these progenies for the improvement
program of the species. The estimates of individual
heri tability in the narrow sense (h ~) were 0.36,0.23 and
0.53 for DBH, HT and FOR, respectively. 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, respeetively. Moraes et aI. (1990) studied
Pinus kesya progenies and observed a mean plant height
of 9.38 m at the age of 6 years, with a genetie 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 aI. (2002) for Pinus oocarpa, and superior
to those reported by Otegbeye (1988) for Pil111Scaribaea
varohondurensis, Missio et aI. (2004b) for Pinus caribaea
varo bahamensis, Matziris (2000) for Pinus halapensis,
and Schermann et al. (1997) and StClair (1994) for
Pseudotsuga menriesii.

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

Predicted genetic values
Tables 2 and 3 present the additi ve genetic ( â )

and genotypic effects (g, assuming a mean dominance
degree of I in a pop"Glation w ith an intermediate
improvement le ve l), genotypie values (Çt+iD and
additi ve genetic vaI ues I~l+ â) predieted for the 20 best

Crop Breeding and Applied Biotechnology 5:394-401, :2005
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hl ? Genotypic effects (â), genotypic values {" + ib, additive effects (â) and predicted additive zeneric values (~l + â) for the 20Ta e~· . b r ~ ~
best individuais of PIIllIS kesva, 20 years old, for FOR

- Asexual propagation

Order Block Progeny Tree

Sexual propagation

Block Tree aProgeny

27 0.52 2.08 27 1.933

2 2 26 0.373

3 3 27 0.354

4 2/ 0.352

5 3 21 0.343

6 3 5 0.3421

7 27 0.332

8 3 0.3324 2

9 1 9 0.322

10 9 0.325

11 3 0.328 4

12 1 0.3230 5

13 17 0.322

14 3 0.3123 3

15 3 5 0.3123

16 /9 4 0.31

17 10 4 0.31

18 2 27 0.21

19 3 0.212 27

20 4 0.212 27

3 0.37

I. 93 27 4 0.27 1.833

1.91 21 1.832 0.27

1.91 3 1.820.263 2/

1.90 21 0.26 1.823 5

1.90 0.26 1.8227 2

1.89 9. I.792 0.231

1.89 9 5 0.23 1.79

1.88 0.21 1.773 24 2

1.88 8 1.770.213 4

1.88 3 23 3 0.21 1.77

1.88 23 1.773 5 0.21

1.88 1 30 5 0.20 1.76

1.87 19 4 0.20 1.76

1.87 26 I.750.192 3

1.87 2 27 0.19 1.75

1.87 0.19 1.752 27 3

1.77 2 I. 7 527 0.194

1.77 27 I.750.192 5

1.77 2 21 0.18 1.74

~::;: 1.56. Numbers in italic represem the comrnon trees for usexual propagution and numbers in bold common trees for FOR and DBH

Pinu s kes ya trees, for the traits FOR a n d DBH,
respecti vely.

Among the selected trees. considering asexual
propagation (ranked by g ) for FOR (Table 2).18 (90%)
marches were observed with the best trees for sexual
propagation (ranked by â ). Furthermore the sequence
of the trees (individuais) 'Nas altered by the considered
propagation type. in agreement with observaiions of
Resende and Dias (2000) for lhe trait number of fruits
per plant in full-sib cacao progenies. For trair DBH. 16
(8090) progenies were cornmon to both propagation
systems (Table 3). The selection ofthe best individuais

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

based on the propagation systern (asexual ar sexual) is
therefore closely linked to the objectives of the
irnprovernent program of the species. If one airns at the
transformation of the progeny test into a seedling seeJ
orchard, the trees must be selected based on :1 . When
the objective is the supply of material to set up a clorial
seed orchard, then lhe individuais should be selected
based on g to max imize the genetic gain.

The predicted genotypic (~+ g ) and additive
genetic values (Çl + â) for the 20 best trees varied frorn
2.08 to 1.77 and 1.93 to 1.74. respectively for FOR (Table
2). For the trair DBH (Table 3) the values ranged frorn
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Table 3. Genotypic effects (g), genotypic values (Çl + g), additive effects (â) and predicted additi ve genetic values (Çl + â) for lhe 20
best individuais of Pinus kesva. 20 years old, for DBH (em)

Asexual propagation

Order Block Progeny gTree

Sexual propagation

Block p-+âProgeny Tree a

10.61 32.50 29.3530 5

2 29 8.89 30.785

3 19 30.118.22

4 2 29.9924 5 8.10

5 3 8 7.87 29.76

6 29.7016 5 7.81

7 3 5 3 7.33 29.22

8 29.132 29 7.24

9 22 29.013 7.12

10 29 7.04 28.932 5

1I 2 9 3 6.40 28.29

12 2 29 4 6.34 28.23

13 2 19 28.053 6.16

14 29 6.09 27.983

15 10 27.944 6.05

16 5.98 27.879 21

17 2 5 27.873 5.98

18 3 23 5 5.81 27.70

19 19 27.555.662

20 30 27.545 5.652

1 30 5 7.46

29 5 6.19 28.08

19 5.84 27.73

2 29 27.095.20

3 8 5.09 26.98

2 29 26.975 5.08

2 24 5 5.01 26.90

22 4.94 26.82

2 29 4 4.66 26.55

2 19 26.493 4.61

29 3 4.51 26.40

2 30 5 4.49 26.38

2 9 3 4.47 26.36

16 4.43 26.325

3 5 3 4.42 26.30

2 19 26.204.31

2 30 4.28 26.174

3 30 4.28 26.17

9 2 26.104.22

2 21 3 4.19 26.08

Çt = 21.89 em. Numbers in itulic represem lhe common trees for asexuul 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 (Çt + g) were superior
to the additive genetic values (Çl + â ), 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 lhe genotypic variance.

The additive effects (â) 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 01' the best pare nts varied Irorn
25.09 to 12.-1-8%and 18.59108.33% for the uaits DBH

398

and FOR, respectively, according to the selection
intensity. In this case it is noteworthy that if lhe
progenies a n d not the p are n ts were re c o m b in e d
(rnother plants), half the gain mentioned would be
obtained. Of the 12 best parents selected for FOR
(Table 4), eight participated ar were represented by
some individual (tree) in the individual selection (Table
2) and seven parents were cornrnon to both FOR and
DBH (Table 4).

The selection predicted based on DB H provided
predicted genetic gains ofup to 27.26%. depending on the
number 01' selected individuais (Table 5). Selection ror DBH
with lhe 80 best trees would select individuais belonging to

Crop Breeding and Applied Biotechnology 5:394--Wl, 2005
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Table 4. Additive effeets (âj.genetic gains (Gs) and new mean of 20 progenies, with a predicted genetic gain of 15.17%, a
lhe }2 best parenls of Pinus kesva, 20 years old. for DBH and FOR mean number of 4.00 trees selected per progeny, an effective

Trait Order Parent â Gs Gs(%) Mean population size of 33.59, and a genetic divergence of 0.42.

30 5.50 5.50 25,09 27.38
The selection predicted for the trait FOR provided genetic
gains between 7.05% and 18.59%. With the selection

2 2/ 4.75 5.12 23.40 27.01 simulation ofthe 80 best trees for FOR, we would be selecting
3 /9 4.57 4.94 22.53 26.82 individuaIs that belonged to 21 progenies, with a predicted
4 29 4.27 4.77 21.80 26.66 genetic gain of9.62%, mean number of3.81 trees selected
5 22 3.31 4.48 20.47 26.37 per progenies, an effective population size of 30.86, and a
6 9 3.14 4.25 19.42 26.14 genetic divergence ofO.37 (Table 5).

DBH 7 10 2.44 4.00 18.23 25.88

8 8 1.83 3.73 17.00 25.61

9 14 6.94 3.42 15.58 25.30 CONCLUSIONS

10 3 0.84 3.16 14.44 25.05

11 24 0.75 2.94 13.44 24.83
The evaluated Pinus kesya progenies presented

potential for improvement in view of the high genetic
12 23 0.41 2.73 12.48 24.62 variability and moderate heritability estimates for the

27 0.29 0.29 18.59 1.85 traits FOR, DBH.and HT. The accuracy of predicted
2 21 0.29 0.29 18.59 1.85 genotypic values of the progenies was of high
3 9 0.20 0.26 16.67 1.82 magnitude, in particular for the traits FOR and DBH,
4 23 0.11 0.22 14.10 I. 78 confirming the reliability of the genetic gain estimates
5 1 0.10 0.20 12.82 1.76 in the progeny test. Selection targeting vegetative
6 2 0.09 0.18 11.54 1.74 propagation would result in greater genetic gains than

7 5 0.08 0.17 10.88 1.73 seed propagation due to the superiority of the predicted

8 8 0.08 0.16 9.62 I. 71 genotypic values. The predicted genetic gains with
FOR FOR-based progeny selection showed that the progeny

9 24 0.08 0.15 9.62 1.71
test is extrernely important for the improvement of this

10 30 0.07 0.14 8.97 1.70
trait in Pinus kesya.

i 1 28 0.07 0.13 8.33 1.69

12 /9 0.06 0.13 8.33 1.69

Parenrs in italic are cornmon for lhe traits FOR and DBH

Table 5. Genetic gains (Gs)' improved population mean (M), number of selected progenies (Nr), mean number of selected lrees per
progeny (K e)' effective populution size (N) and geneiic diversiry (D) in function of lhe number 01' selected trees (N) for lhe traits DBH
and FOR in 20-year-old Pinus kesva lrees

Traits N Gs Gs M Nr K, N D
(%)

r e

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 50 3.97 18. 14 25.86 14 3.57 23.78 0.32
(em) 80 3.32 I S. 17 25.21 20 4.00 33.59 0.42

120 2.73 12.4 7 24.62 23 5.22 43.14 0.50

15D 2.35 10.74 24.24 27 5.56 51.82 0.59

5 0.29 18.59 1.85 2 2.50 3.51 0.06

10 0.26 16.67 1.82 5 2.00 7.27 0.14

FOR 50 O.IS 11.54 1.74 14 3.57 19.49 0.24

80 0.15 9.62 .71 2 I 3.81 30.86 0.37

120 O 13 8.33 .69 24 5.00 44.16 0.52

ISO 0.12 7.05 1.67 27 5.56 57.15 0.67
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Estimativas de parâmetros genéticos e predição de
valores genéticos aditivos em progênies de Pinus kesya

RESUMO - o objetivo deste trabalho foi s~lecionar progênies de Pinus kesya por meio da estimação de parâmet ros
genéticos pelo método de máxima verossimilhança restrita (Remi) e predição de valores genéticos aditivos pela melhor
predição linear não viciada (Blup ). O teste de progênies de Pinus kesyafoi instalado em blocos casualizados, composto por
30 progênies e três repetições. Aos 20 anos foram avaliados os caracteres diâmetro à altura do peito (DA?), altura (ALT) e
forma do fuste (FOR). As médias para DA?, A LT e FORJoram, respectivamente, 21,89 em, 21,89 I/l e 1,56 e suas respectivas
estimativas de herdabilidade média de progênies de 0,58, 0,39 e 0,66. DA? apresentou o maior coeficiente de variação
genético aditiva (17,89%). A seleção das 80 melhores árvores, pertencentes a 21 progênies, proporcionou ganho de 9,62%
em FOR, com média de 3,81 árvores selecionadas por progênies, tamanho efetivo populacional de 30,86 e divergência
genética de 0,37.

Palavras chaves: melhoramento, seleção, ganho genético, RemIlBlup.
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