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Abstract

A combined provenance-progeny test of Araucaria angustifo-
lia (Araucariaceae) was established in Itapeva Experimental
Station, São Paulo State, Brazil, in a compact family design
with 15 provenances, 4 to 14 families per provenance, 10 indi-
viduals per subplot and 3 replications. Variation among and
within regions, provenances and families and genetic parame-
ters for DBH, height and volume were investigated, about 21
years after planting. Analysis of variation for DBH, height and
volume revealed significant differences among regions, prove-
nances, provenances within regions and families within prove-
nances. Significant differences among provenances and prove-
nances within regions were also found for survival. The evalua-
tion of components of variation showed that provenance/region
effects (ranging from 2.7% to 6.2%) contribute more to total
variance than family/provenance effects (ranging from 1.3 to
1.7%). Growth performance of South provenances is generally
better than other regions. Heritabilities were low for all traits
(< 0.15) and genetic gain within families were not superior to
4.9%. A combination of seed production and conservation
strategies for A. angustifolia provenance-progeny test is sug-
gested.

Key words: Araucaria angustifolia, provenance-progeny test, genetic
variation, genetic parameters, quantitative traits.

Introduction

Araucaria angustifolia (Paraná Pine) is an economically
important tree in southern Brazil. It is dioecious, wind-polli-
nated and it produces a valuable construction timber, being
also a source of raw material for pulp and paper industry. It
can be found in Brazil between latitudes 19°15’S and 31º39’S
and from longitude 41°00 W to 54°30 W, and being is also found
in small patches in Argentina and Paraguay. The species grows
exclusively in the Tropical Wet Mixed Forest (Araucaria For-
est) in the Alluvial (gallery), Sub-Montane, Montane and High-
Montane formation, between altitudes of 500 and 2,300 m
(CARVALHO, 1994). The area originally occupied by this species
was 73,778 km2 in the State of Paraná (36.7%), 56,693 km2 in
the State of Santa Catarina (60.1%), 46,482 km2 in the State of
Rio Grande do Sul (17.4%), and 5,340 km2 in the State of São
Paulo (2.2%). Today there are left only 3,166 km2 (4,2%) of A.
angustifolia forest in the State of Paraná, 1,800 km2 (3,2%) in
the State of Santa Catarina, 657 km2 (1,4%) in State of Rio
Grande do Sul, where most areas are second growth A. angusti-
folia forests (MACHADO and SIQUEIRA, 1980). 

A. angustifolia is a Brazilian indigenous tree mostly used in
breeding and genetic conservation studies (CARVALHO, 1994),
and is listed in the Brazilian threatened flora under the vul-
nerable category (FAO, 1996). Genetic variations have been
detected among provenances of A. angustifolia for quantitative
traits (GURGEL and GURGEL FO, 1965; BALDANZI et al., 1973;
AHLER and LUCCA, 1980; KAGEYAMA and JACOB, 1980; MONTEIRO

and SPELTZ, 1980; SHIMIZU and HIGA, 1980; GIANNOTTI et al.,
1983; SHIMIZU, 1999), as well as among natural populations to
allozyme loci (SOUSA, 2000; AULER et al, 2002). The genetic
variation detected among regions and provenances within
regions has been interpreted as an evidence of geographical
races (GURGEL and GURGEL FO, 1973).

Traditionally, forest genetic tests have been conducted
sequentially with successive species, provenance and progeny
trials. In practice, however, there is strong economic pressure
to reduce the testing interval between these stages in a tradi-
tional tree improvement programme. The use of combined
provenance-progeny test has been advocated to reduce the test-
ing interval between provenance and progeny stages (ZHENG et
al., 1994). It may be extended to combine provenance testing,
progeny testing, seed production (ZHENG et al., 1994) and ex
situ conservation, in a single trial. 

In this study, we investigated genetic variation for growth
traits in 123 families from 15 A. angustifolia provenances origi-
nated from three Brazilian regions. Our objectives were: i) to
examine the distribution of genetic variation among and within
regions, provenances and families within provenances, ii) to
determine the extent of genetic control for growth traits, and,
iii) to estimate genetic gains of selection within families.

Material and Methods

Sampling and Experimental Design

Seeds from open-pollination were collected from trees distrib-
uted in 15 natural A. angustifolia provenances in four Brazil-
ian States which, in turn, were divided into three regions
(Table 1; Figure 1). Progeny identity was kept during collection.
A total of 123 families were sampled, with the number of fami-
ly per provenance varying from 4 to 14 (Table 1). 

The experiment was set up in a single site at the Itapeva
Experimental Station of São Paulo State Forest Institute. The
site’s latitude, longitude and altitude are, respectively, 24°17’ S,
48°54’ W and 930 m. The winter is dry and lasts from June to
September and the mean annual rainfall (approximately 1,300
mm) falls mostly during summer months. The mean annual
temperature is approximately 18.6 °C. The trial was estab-
lished in a compact-family design, with 15 provenances (plots),
4 to 14 families per provenance (subplots), 10 individuals per
subplot and 3 replicates. Three by two meter spacing was used
and borders consisted of two rows. Seeds were collected in May
1979 and seedlings planted in March 1980. Trial was measured
in May 2001 (21 years after planting) for survival, DBH (1.3
m), total height and volume/tree. Survival data were trans-
formed by logarithm arc-sin for the
analysis of variance, which was carried out at the subplot
mean level.

Variance Components Estimates

The analyses of variance were those used by ZHENG et al.
1994. Since the experiment was unbalanced due to unequal
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Table 1. – Details of the provenances and number of family sampled per
provenance.

number of surviving trees in the subplots and unequal number
of families per provenance, the Restricted Maximum Likeli-
hood (REML) method was used to estimate the variance com-
ponents. REML and VARCOMP procedures from SAS statisti-
cal program (SAS, 1999) were used in combination. 

A linear random model was used to estimate the components
of variance. The model used was:

Yijkl = µ + bi + tj + fj:k + eijkl (1)

where: Yijkl is the phenotypic value of the lth individual of the
kth family of the jth provenance in the ith replication; µ is the
fixed overall mean; bi is the random effect of the ith replication;
tj is the random effect of the jth provenance; fj:k is the random
effect of the kth family in the jth provenance; eijkl is the effect of
the lth tree within the kth family of the jth provenance in the
ith replication. The latter component includes error effects; i =
l,..., b (b is the number of replications); j = 1,..., t (t is the num-
ber of provenances); k = l,..., f (f is the number of families with-
in provenances); l = l,..., n (n is the number of trees per family).

An extra term (region effect) was added to the model to
investigate the significance of the difference among regions.
Provenance grouping in regions followed the principle of prox-
imity (Figure 1). The interaction terms were ignored to simplify
the analyses, conducted at the level of individual plants. There-
fore, model 1 becomes:

Yijkl = µ + bi + rz + tj:z + fj:k + eijkl (2)

where rz is the random effect of the zth region.

The variance component estimates were,

σ̂2
r = variance among regions;

σ̂2
p = variance among provenances within regions;

σ̂2
f = variance among families within provenances;

σ̂2
e = interaction variance among families within

provenances;
σ̂2

w = phenotypic variance within families.

Genetic Parameter Estimate

The genetic and phenotypic variation, heritability, genetic
and phenotypic correlations and expected selection gains were
calculated according to NAMKOONG (1979) and to FALCONER and
MACKAY (1998). Progeny was assumed to be half sibs and addi-
tive genetic variance (σ̂2

A) was estimated as σ̂2
A= 4σ̂2

f, where
σ̂2

f is the genetic variance among families within provenances.

Narrow sense individual (h^ 2
i), family (h^ 2

f) and within family
(h^ 2

w) heritability were estimated by:

(5)

where, σ̂2
F is the total phenotypic variance estimated by 

σ̂2
F = σ̂2

w + σ̂2
e + σ̂2

f. (6)

Phenotypic and genetic correlations among traits were esti-
mated for individual trees according to the equations:

(8)

where r̂PXY
and r̂gXY

are the phenotypic and genetic correlation
coefficients; σPXPY

and σfXfY
are the phenotypic and genotypic

products of x and y traits; σ̂2
PX

, σ̂2
fX

and σ̂2
PY

,  σ̂2
fY 

are the pheno-
typic and genetic variances among families within provenances
of x and y traits, respectively.

The response to selection (R^) was estimated by: R
^ = iσ̂wh

^ 2
w

(9), where i is the selection intensity in standard deviation uni-
ties and σ̂w is the standard deviation of the phenotypic vari-
ance within families. One quarter of trees within families were
selected resulting in the standardized selection intensity i =
1.2711 (HALLAUER and MIRANDA, FO. 1988, p. 166). The genetic
gain in percentage [R^ (%)] was estimated by:

(10)

where X
_

is the overall mean trait.

Results and Discussion

Genetic Variation and Growth Rate

Significant differences were found in the analysis of variance
among regions, provenances, provenances within regions and
families within provenances for all the traits, except for the
survival trait of regions and families within provenances (Table
2). These results showed that trial has potential for selection.
Genetic variations among A. angustifolia provenances were
also observed in other studies. In Ribeirão Branco (Itapeva
region) SHIMIZU and HIGA (1980) detected genetic differences
for survival and height if 2, 4 and 6-year-olds in 18 prove-
nances in the south of Brazil (Paraná, Santa Catarina and Rio
Grande do Sul States), as well as in the southeast (São Paulo
State). GIANNOTTI et al. (1983) who studied the behavior of 15
A. angustifolia provenances, during 2 years-old, in Itapeva, SP,
detected genetic variations for height. In Monte Alegre, Paraná

Table 2. – Mean squares for traits at 21 years of age in provenance-
progeny test of A. angustifolia in Itapeva, Brazil.
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Table 3. – Components of variance and relative contribution (numbers
in parentheses) of region, provenance/region, family/provenance and
within family to total variance in provenance-progeny test of A. angusti-
folia in Itapeva, Brazil.

State, MONTEIRO and SPELTZ (1980), studied 24 A. angustifolia
provenances derived from the States of São Paulo, Santa Cata-
rina, Paraná and Rio Grande do Sul, observing genetic varia-
tions for volume during 11 years. Furthermore, studies based
on allozyme loci have also detected genetic differences among
A. angustifolia natural populations. AULER et al. (2002) report-
ed low FST-value, 0.044 for nine populations from Santa Catari-
na State and SOUSA (2000) reported low FST-values among pop-
ulations in the regions of Campos do Jordão, SP (0.004), Irati,
PR (0.043) and Caçador, SC (0.048) and reasonable values
among these mentioned regions (0.098). 

growing regions are about 4% larger for both DBH and height
and 15% higher for volume than those from slowest growing
regions (A region). However, when considering standard error,
differences among regions and provenance means are not sta-
tistically significant. Chapecó had the highest growth and pre-
sented approximately 18% higher DBH and height and 40%
greater volume than the least growth provenance, Lambarí.
Barbacena provenance seemed to also be the second best in
survival and growth for DBH and height. DBH and height dif-
ferences between first and second provenances were about 5%
and 4%, respectively. The differences observed here in traits
growth are possibly associated to climatic characteristics.
Regions A and B are drier than region C.

Preliminary studies in Itapeva region, south of São Paulo
State, suggest that natural species distribution provenances
originated in the north of Brazil grow more in height than in
the south. SHIMIZU and HIGA (1980) studying 2, 4 and 6 year-
old A. angustifolia provenances, observed that north prove-
nances (from Parque Nacional do Itatiaia and Parque Estadual
da Bocaina) grow more in height than local and south prove-
nances. GIANNOTTI et al. (1983) in preliminary studied of the
present test, detected in two years-old, that provenances from
Lambari, Quatro Barras and Ipuiúna grow more on height
than other provenances. The Chapecó provenance studied here
showed the best performance in DBH and height and second
best for volume. SHIMIZU and HIGA (1980) showed it ranked
eleventh in height growth, GIANNOTTI et al. (1983) showed it
ranked nine in height growth and SHIMIZU (1999) showed it
ranked third in height, fifth in DBH and sixth in volume
growth. These results show caution is necessary when extrapo-
lation data from juvenile to adult phases.

Differences in traits growth were greater among families
than among provenances. The best growing family exceeded
the least growing family by 65%, 81% and 94% for DBH, height

The components of variance and their relative contributions
toward total variance are shown in Table 3. Regarding total
variance, regions accounted for less than 2%, provenance with-
in regions accounted for 2.7% to 6.2%, families within prove-
nances accounted nearly 1.7% and trees within families 91.9%
to 95.2%. The higher value toward variance among prove-
nances within regions in relation to families within prove-
nances suggested that provenances within regions are isolated
or gene flow is insufficient to overlap the effects of selection
and/or genetic drift. Larger genetic variance among prove-
nances within regions than genetic variance among families
within provenances were also observed in provenance-progeny
test by LI et al. (1993) on Picea glauca, in Canada, ZENG et al.
(1994) for Pinus caribaea var bahamensis in China and BALI-
UCKAS et al. (1999) for Acer platanoides, Alnus glutinosa, Fagus
sylvatica and Fraxinus excelsios in Sweden.

The south region’s (C region) growth rate was superior to
other regions (Figure 1; Table 4). Provenances from faster

Figure 1. – Location of the provenances seed collection sites (�) and site
trial (�) of Araucaria angustifolia.

Table 4. – Survival and growth date (mean ± standard error) for each
provenance at 21 years after planting in provenance-progeny test of
Araucaria angustifolia in Itapeva, Brazil (number in parentheses are
ranks).
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and volume, respectively (data not shown), showing the poten-
tial of provenance-progeny test of A. angustifolia for selection.

Genetic Parameters

All genetic and phenotypic correlations among traits (Table
5) were high (range 0.88 to 1.0) and statistically significant
(P < 0.01) indicating the possibility of selection in one trait
while obtaining gain in another. Genetic correlations were
superior to phenotypic correlations. The greatest correlations
coefficient was found to be between DBH and volume and the
smallest between height and diameter. 
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Table 5. – Genetic (upper diagonal) and phenotypic (lower diagonal)
correlation coefficients among traits in a provenance-progeny test of A.
angustifolia in Itapave, Brazil.

Table 6. – Estimated heritabilities (± standard error) and responses to
selection within family in a provenance-progeny test of A. angustifolia
in Itapave, Brazil.

Narrow sense individual (h^ 2
i) and within families (h^ 2

w) heri-
tability for traits were lower (close to 0.055) than those report-
ed in other studies on A. angustifolia (Table 6). PIRES et al.
(1983) studied 32 half-sib A. angustifolia families and found
narrow sense individual heritability of approximately 0.31 for
DBH and 0.47 for height. KAGEYAMA and JACOB (1980) observed
narrow sense individual heritability varying from 0.12 to 0.56
for height and 0.03 to 0.64 for DBH in three A. angustifolia
provenances aged 3.5 years. Heritability obtained here was
lower, indicating the genetic control of traits is weak and the
possibility of genetic gains with selection is limited. 

Family heritability (h^ 2
m) was higher than narrow sense indi-

vidual (h^ 2
i) and within family (h^ 2

w) heritability, indicating the
possibility of greater gains with selection among families
rather than mass selection (Table 6). However, since the main
objective of this study was ex situ genetic conservation of A.
angustifolia provenances, but keeping in mind that manage-
ment should also maintain growth rate and material recombi-
nation, selection will be carried out only within families. To
achieve this, 25% of the trees will be selected within families.
Since A. angustifolia is dioecious, it is possible to select trees of
the same sex within subplots, therefore reducing the probabili-
ty of outcrossing among sibs. Two subplots will be kept with
female trees and one with male trees for the best performing
families, and the opposite (that is, two subplots male trees and
one female trees) for the worst performing family. Since there
are 123 families, 62 will be kept in two subplots with three
female trees and one subplot with three male trees and 61 in
two subplots with three male trees and one plot with three
female trees. The resulting sex ratio will be close to 1:1, maxi-
mizing the effective size (CROW and KIMURA, 1970). This selec-
tion scheme creates low genetic gains for DBH (2.03%) and
height (1,49%) but reasonable gains for volume per tree (4.96%)
with the advantage of maintaining the wide genetic base and
maximizing effective provenance size, capitalizing gains and
minimizing outcrossing among relatives (Table 6).


