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Abstract

e Multivariate statistical analysis was used to define different developmental stages for stone pine
(Pinus pinea L.) considering tree size and cone production, without site-specific information.

o This was achieved in two steps. First, trees from permanent plots were classified using cluster anal-
ysis in five different stages. Second, discriminant analysis was applied to confirm the robustness of
the groups generated by cluster analysis and to allow the assignment of new stone pine trees to one
of the five development stages. Each development stage was associated with an average cone produc-
tion.

o A methodology for selecting candidates for plus trees was suggested. Trees belonging to the 90th
quartile or higher for the number of cones per crop and for cone crop weight were identified through-
out the three years of the study.

o Trees were evaluated as potential candidates for plus trees using the following variables: the num-
ber of cones, cone crop weight and relative production capacity. The relative production capacity was

defined as the cone crop weight per square meter of the crown area.

1. INTRODUCTION

In Portugal, stone pine (Pinus pinea L.) occupies approx-
imately 118000 hectares (DGRF, 2006), which represents
3.5% of the total forest area. The total area devoted to stone
pine has increased since the last inventory by about 51%,
which is due to an increased interest in the species by forest
land owners. Stone pine is a valuable species and is used for
kernel, resin and wood production. It can also be used as shel-
ter belts and is often found in natural parks.

More than half of the cone production of stone pine comes
from the southern coastal area, where it has a high economic
impact. Portuguese stone pine forest includes 74% mixed
stands and 26% pure stands (DGRF, 2006). Productive stands
are often uneven-aged. Even-aged stands are typically younger
because, since 1992, a part of the EU forest fund has been used
to promote stone pine plantations.

Increasing kernel production, in terms of quantity and qual-
ity, is one of the main purposes of the Pinus pinea L. improve-
ment program (Barreira and Alpuim, 1988; Gordo, 2004). The
selection of plus trees is the first step in improvement pro-
grams (Zobel and Talbert, 1984). Thus far, 64 plus trees have
been phenotypically selected in Portugal. Cone crop produc-
tion, assessed through the number of cones produced, was the
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criterion for selecting plus trees. Cone crop weight should also
be used as a criterion for tree selection, considering the empiri-
cal cone crop production cycle. Long-term empirical evidence
has shown that cone yield follows a cycle of 7 to 8 years. In
fact, according to Carneiro (2005), the number of cones and
cone crop weight can be used as a proxy for pine nut pro-
duction in Pinus pinea L. This author reported a high genetic
correlation between cone weight and seed weight per cone
(ry = 0.86), kernel weight and the weight of a hundred seeds
(ry = 0.97), and kernel length and the weight of a hundred
seeds (r, = 0.93). Cone crop weight and the number of cones
are preferable criteria from an operational standpoint when
compared with kernel traits.

The 64 selected plus trees are typically the oldest among all
the trees in the stands. To assure the sustainability of the breed-
ing program, selection should be extended to younger and/or
smaller trees, which must also be the most productive for their
age and size. The identification of different developmental
groups, accomplished by gathering trees with similar dimen-
sions and cone production, is a way to guarantee unbiased plus
tree selection, especially in uneven-aged stands. Cluster anal-
ysis and discriminant analysis are two popular statistical tools
in the field of pattern recognition. The former method is an
exploratory tool to find groups of datasets with similar charac-
teristics and the latter method assigns a new item to its proper
place in an established set of categories (Huang et al., 2007).

Article published by EDP Sciences


http://www.afs-journal.org
http://dx.doi.org/10.1051/forest/2010050
http://www.edpsciences.org

Ann. For. Sci. 67 (2010) 814

In this context, the objectives of this study include:

(1) The definition of developmental stages for stone pine that
occur in the provenance region V according to biomet-
ric characteristics and analyzing their relationship to cone
production.

(2) The establishment of a methodology for classifying trees
at different development stages using available dendromet-
rical and stand variables.

(3) The proposal of a methodology to aid in the selection of
plus trees and to be included in the Pinus pinea L. im-
provement program for nut production.

2. MATERIALS AND METHODS
2.1. Field data collection

Data were obtained from 62 stone pine permanent plots es-
tablished in stands representative of the different types that oc-
cur in the provenance region V (Cardoso and Lobo, 2001).
The criteria for stand selection included composition (pure
and mixed), structure (even-aged and uneven-aged) and type
of regeneration (natural or out-planting). In the case of mixed
stands, information about the dominant species (cork oak,
maritime pine and stone pine) was also considered. This se-
lection was implemented by the Portuguese Forest Services in
cooperation with local associations of forest owners. The se-
lected plots contained 1237 stone pines.

Diameter at breast height (d), total height (h), crown diam-
eter (cw) and crown height (c/) were measured for all trees in
each plot. Basal area (g), crown area (ca) and height to di-
ameter ratio (rhd) were computed from measured variables.
Stand information such as the total number of trees (N) and
the total number of stone pine trees (NPm) was also included in
this study. Individual cone production was determined during
three consecutive years and includes 2004/2005, 2005/2006
and 2006/2007. Cone production was determined by collect-
ing, counting and weighing the cones from the trees. In the
first year, five sample trees were evaluated in each plot but in
the following two years all the trees were studied. Cone pro-
duction per year was evaluated according to the number of
cones and to the fresh cone crop weight, nc; and wc;, respec-
tively, where ¢ represents the harvesting year. These two traits
are considered complementary for the evaluation of cone crop
production (Carneiro, 2005). Relative production capacity for
the jth tree and the year t (pcj,) was computed according to
the following formula:

ijt

ey

pCj[ = .
ca;

2.2. Data analysis

Cluster analysis was used to identify tree groups with sim-
ilar biometric characteristics. Once a tree cluster group was
obtained, predictive discriminant analysis was applied to test
the robustness of the groups generated by the cluster analysis
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and to establish a classification scheme that new units could
be submitted to (Huberty, 1994).

The cluster profiles were also compared considering a set
of variables related to cone productivity and to stand den-
sity. These variables, not included in the clustering process,
were the number of cones (ncy, ncy, ncs) and cone crop weight
(wey, wea, wes) for the three years, the total number of trees
per hectare (NT) and the total number of stone pine trees
per hectare (NPm). A cluster was considered to be productive
when the mean of the number of cones was greater than 40
cones per tree.

2.2.1. Cluster analysis

Cluster analysis was carried out to classify the 1237 pine
trees into homogeneous groups according to their growth de-
velopment. The basis variables used for the clustering pro-
cess included diameter at breast height (d), crown height (cl),
crown diameter (cw), crown area (ca), basal area (g) and height
diameter ratio (rhd).

Standardized data were submitted to nonhierarchical clus-
ter analysis using the FASTCLUS procedure from the SAS
System program (SAS Institute Inc., 1999). The clustering
process was accomplished by an iterative approach. Cluster
results were evaluated using the root mean square standard
deviation (RMS), the distance to the nearest cluster and dis-
tance ratio (DR) as statistical criteria. RSM measures the av-
erage distance between the members within each cluster. The
distance to the nearest cluster provides a measurement of the
distance between cluster centroids. The distance ratio was ob-
tained by dividing the distance to the nearest cluster by the
RMS. This ratio indicates how well the clusters are separated
(Thompson, 1999).

For each basis variable, the least squares means (LS-
Means), standard errors (se) and significant differences be-
tween clusters were evaluated using the MIXED procedure
of SAS. Annual cone production was also compared between
clusters.

2.2.2. Discriminant analysis

Fisher’s discriminant function was applied using the DIS-
CRIM procedure in SAS. The performance of this analysis
was evaluated by estimating the misclassification and hit rates,
considering equal prior probabilities. The cross-validation ap-
proach was applied to reduce bias in the estimation of error
rates. The response variables used for discriminant analysis
were height to diameter ratio (rhd), basal area (g) and crown
area (ca). These variables were selected because they express
not only the size of the tree but also the effects of past and
present competition, which jointly influence cone production.
These variables are easy to obtain in future tree classification.

2.2.3. Selection of highly productive trees

For each productive cluster (¢) and harvesting year (7),
trees (j) were evaluated by their cone production, using the
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Figure 1. Diagram showing the five clusters, 1, 2, 3, 4 and 5, which consider six standardized basis variables: diameter at breast height (d),
crown height (c/), crown diameter (cw), crown area (ca), basal area (g) and height diameter ratio (rhd).

Table 1. Least squares means (LS-Means) and standard error (se) of the basis clustering variables for each of the five clusters: diameter at breast
height (d), crown height (cl), crown diameter (cw), crown area (ca), basal area (g) and height diameter ratio (rhd).

Cluster ID d (cm) cl (m) cw (m) ca (m?) g (m?) rhd
1 11.18 (0.98)a  3.11(0.49) a 2.97 (0.19) a 8.33(2.76) a 0.02 (0.05)a 3.31(0.06) a
2 27.89 (0.27) b 5.00 (0.14) b 6.22 (0.05) b 31.8(0.76) b 0.07 (0.01)a 1.63(0.02)b
3 46.15(0.44)c  6.99 (0.23) ¢ 10.56 (0.09) ¢ 88.96 (1.26)c  0.17(0.21) b 1.5(0.03) ¢
4 6242 (0.61)d 9.70(0.31)d 14.12(0.12)d 159.4 (1.72)d  0.39(0.28)c 1.26 (0.04)d
5 8237 (1.43)e 10.61(0.72)d  19.99 (0.28) e  316.27 (4.06)e 0.54 (0.07)d 0.98 (0.09) e

Different letters (a, b, c, d and e) within the columns indicate significant differences at p < 0.05 between clusters.

Table II. Cluster summary information: frequency, root mean square standard deviation (RMS), distance to the nearest cluster and distance

ratio.
Cluster ID  Number of trees  RMS standard deviation  Distance to nearest cluster  Distance ratio

1 56 0.70 3.69 5.27

2 741 0.43 2.30 5.35

3 269 0.48 2.30 4.79

4 145 0.58 2.46 4.24

5 26 0.67 3.90 5.82
following variables: the number of cones (ncjci, nCjc2, NCjc3), 3. RESULTS

cone crop weight (wc .1, we e, wej3) and relative productive
capacity (pcjc1, pcjc2, Pcje3). For each of the productive clus-
ters, stone pine trees were given plus tree candidate status if
they belonged to the 90th quartile for at least two out of the
first six variables (ncjc1,ncjc2, nCjc3, WCje1, WCjc2, WCjc3). The
relative productivity capacity was used for choosing the most
productive tree out of the potential candidates. If more than
one tree was identified in a permanent plot then the selection
was based on the smallest tree with the highest productivity
capacity, taking into account the years of evaluation. In each
plot, only one tree was selected.

3.1. Stone pine development stages

According to the statistical criteria and the practical inter-
pretation of cluster results, the best tree segmentation was ob-
tained when the 1237 observations were assigned into five
clusters. Figure 1 and Table I show that the five clusters were
well separated according to the six standardized variables. The
number of trees assigned to the different clusters varied be-
tween 26 and 741 (Tab. II).
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Table III. The least squares means (LS-Means) and standard error (se) of each of the five clusters for the variables associated with cone
productivity: the number of cones (rc), cone crop weight (wc) and stand characteristics: total number of trees (N7) and total number of stone
pine trees (NPm).

Cluster ney ne; nes we (kg) we; (kg) wes (kg) NT NPm
1D
1 1.62 (45.30)a  0.86 (6.00) a 247 (9.01)a 0.5(1443)a 0.14(1.23)a 055247 a 146.46 (8.42)a 122.59 (6.69) a
2 15.84 (13.08) a  9.23(1.54)a  16.02 (2.62) a 468 (4.1)a 1.85(031)a 4.18(0.72)a 160.37 (2.31)a 144.15(1.84) a
3 94.99 (13.58)b 50.3(298)b  60.11 (4.06)b 30.11(4.33)b 10.3(0.61)b 16.11 (1.14)b 107.65 (3.84)b 76.67 (3.05) b
4 183.7(17.44)c  97.6 (3.84)c 13595 (5.60) c 62.89 (5.55)c 21.14(0.78)c 40.21 (1.54)c 69.74 (5.24)c 49.2(4.16) c
5 603.65 (31.07) d 266.06 (9.44) d 365.38 (12.88) d 165.59 (9.90) d 54.56 (1.93)d 107.96 (3.52) d 48.02 (12.36)c 35.5(9.82) c
Different letters (a, b, ¢ and d) within the columns indicate significant differences at p < 0.05 between different clusters.
Table IV. Cross-validation of the five clusters, using the discriminant analysis method.
Prior development Predicted development state (discriminant analysis)
state Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5 Total
(cluster analysis) Number % Number % Number % Number % Number % Number %
Cluster 1 55 98.21 1 1.79 0 0 0 0 0 0 56 100
Cluster 2 3 0.54 726 97.98 12 1.62 0 0 0 0 741 100
Cluster 3 0 0 25 9.28 227 84.39 17 6.32 0 0 269 100
Cluster 4 0 0 0 0 19 13.10 124 85.52 2 1.38 145 100
Cluster 5 0 0 0 0 0 0 3 11.54 23 88.46 26 100
Total 58 4.69 752 60.79 258 20.86 144 11.64 25 2.02 1237 100

Column and row totals refer, respectively, to discriminant and cluster analysis.

The analysis of the statistics obtained (Tab. II) indicated
that clusters 2 and 3 had a smaller RMS standard deviation.
This means that the trees inside these two clusters were more
similar to each other than to trees in other clusters. The dis-
tance to the nearest cluster indicated that segments 1 and 5
were isolated from the others. Nevertheless, segments 1, 2 and
5, which had a higher magnitude of the distance ratio, were
well-separated and consisted of homogeneous members.

The least squares means (LS-Means) for diameter at breast
height (d), crown diameter (cw), crown area (ca) and height
diameter ratio (rhd) were significantly different for the five
clusters (Tab. I, Fig. 1). Trees included in clusters 1 to 5 were
characterized by increasing size and by decreasing rdh.

Table III provides a descriptive profile for the variables (LS-
Means) related to cone productivity (number of cones and
cone crop weight) and stand density in the five clusters. Clus-
ters 1 to 5 were arranged according to increasing cone produc-
tivity and decreasing stand density. Clusters 3, 4 and 5 were
significantly different with respect to cone productivity. These
clusters were considered the productive clusters, as they in-
cluded trees that produced more than 40 cones per crop. There
was no evidence to suggest that clusters 1 and 2 were signifi-
cantly different. Both of these clusters included trees that can
be considered non-productive. This statement agrees with the
observed tree dimensions because smaller trees do not produce
cones, or produce fewer cones. Regarding stand density, there
was also no evidence to distinguish cluster 1 from cluster 2
(higher densities) and cluster 4 from cluster 5 (lower densi-
ties).

The segmentation results obtained from the clustering vari-
ables were thereby supported by variables related to cone pro-
duction and the stand, which were not included in the cluster-
ing process. Therefore, a classification into five developmental
stages associated with both tree size and cone productivity can
be defined as follows: juvenile (cluster 1), dominant vegetative
growth (cluster 2), cone production phase I (cluster 3), cone
production phase II (cluster 4) and cone production phase II1
(cluster 5). The last three are productive stages.

A mathematical method to test the significance of the
five clusters is the application of discriminant analysis. The
achieved hit rate of 90.91% (data not shown) was satisfactory
and confirmed the previous classification developed by clus-
ter analysis. Table IV compares the classification schemes ob-
tained by both cluster and discriminant analysis. Clusters 1,
2 and 5 are in agreement with the two classification schemes
(98.21, 97.98 and 88.46%). The highest proportion of vary-
ing classification between analyses was observed in cluster 3
where 25 trees were allocated to cluster 2 (9.28%) and 17 to
cluster 4 (6.32%). Despite the method or cluster under consid-
eration, the percentage of well-ranked trees was higher than
84%. This result shows that the three variables used in the dis-
criminant analysis (ca, g and rhd) are good indicators for the
classification of stone pine by developmental stage.

Discriminant analysis also allowed us to define a classifi-
cation scheme to be applied to new trees. Equations (2) to (6)
are the Fisher’s linear discriminant functions for each of the
five developmental stages, from juvenile to cone production

814p4



Selection of P. pinea plus tree candidates for cone production

phase III:

Jjuvenile stage:

Y1 =-54.01+0.11 ca—27.89 g + 32.44 rhd; )
dominant vegetative growth stage:

Y2 =-14.81+0.12 ca— 12.81 g + 16.25 rhd, 3)
cone production phase I stage:

Y3 =-22.31+0.26 ca—991 g+ 15.52 rhd, @)
cone production phase II stage:

Y4 =-41.71+0.42 ca - 4.36 g + 13.34 rhd, (5)
cone production phase III stage:

Y5 =-134.68+0.81 ca+ 027 g+ 13.68 rhd.  (6)

New trees can be assigned to the developmental stage for
which the corresponding discriminant function has the higher
value.

3.2. Selection of highly productive trees

As indicated in Table V, for each of the three productive
development stages, trees were selected as plus trees. Ten trees
(3.9%) belonging to the cone production phase I, fifteen trees
in (10.4%) the cone production phase Il and three (12%) in the
cone production phase III were identified as the trees with the
highest productivity in terms of cone crop weight, the number
of cones and relative productivity capacity.

4. DISCUSSION

According to Zobel and Talbert (1984), the selection of plus
trees is the first step in the establishment of an improvement
program. Productive stands of Pinus pinea are mostly uneven-
aged stands, so selection should be conducted, in all the prove-
nance regions, on a wide range of trees. The age and the de-
velopment stage of the tree should be taken into account. In
Spain, Sierra (1987; cited in Gordo, 2004) proposed an ap-
proach for the selection of plus trees, that considered the di-
ameter at breast height and the age of the tree, but the method-
ology has not been applied (Gordo, personal communication).
Caiiadas (2000; cited in Gordo, 2004) found that, in the same
provenance region, cone production per tree was related to the
size of the tree. In a stone pine grafted clone bank, Mutke et al.
(2005a) found that 71% of cone yield was explained by tree
size. Alpuim et al. (2000) also noted that, under similar eco-
logical conditions, stone pine fructification depends mainly on
the crown diameter. We used tree dimensions rather than age
and our results show that cone production depends directly on
the size of the tree, which is much easier to measure compared
with tree age.

The present study is focused on developing a method for
the selection of the best seed producers in Pinus pinea stands.
To this end, groups of trees with similar dimensions and
cone production had to be identified. This prompted us to use
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two multivariate approaches, cluster and discriminant analy-
ses, to separate trees into different groups. These two meth-
ods have often been applied to pattern recognition (Akindele
and LeMay, 2006; Finegan et al., 1999; Huang et al., 2007;
Phillips et al., 2002; Schulz and Hirtling, 2003). Based on six
biometrical variables, five different developmental stages were
defined. Discriminant analysis results showed that basal area,
height diameter ratio and crown area are pertinent variables
for classifying new trees. These variables express not only the
size of the tree, but also effects of tree competition. Three out
of the five development stages, cone production phase I (3),
cone production phase Il (4) and cone production phase III
(5), were considered productive groups. These groups corre-
spond to large trees (d > 40 cm) growing in low density stands
(NT < 110/ha).

Previous studies only used the number of cones for selec-
tion of plus trees. In this study, the number of cones and cone
crop weight per tree were considered as complementary. These
variables were assumed to be an indirect approach to the evalu-
ation of kernel production, which is the ultimate goal. In fact,
an equal number of cones in two different batches may have
different weights. Carneiro (2005), relating cone and kernel
production, estimated a genotypic correlation of 0.49 and 0.86
for cone weight with the number of seeds per cone and cone
weight with the seed weight per cone, respectively. These cor-
relations are connected to the long reproductive cycle of Pinus
pinea L., which lasts for three years, beginning with pollina-
tion and ending with seed cone maturity. This cycle can be
affected by biotic and/or abiotic factors. In most mature pines,
a significant cause of reduced cone production is the abortion
of cones after pollination due to low pollination success or the
appearance of a frost after pollination (Owens and Fernando,
2007; Owens et al., 2008). Other factors can contribute to re-
duced seed production, such as incompatibility mechanisms
or insect and disease damage at various stages of develop-
ment (Owens, 2006). According to Mutke et al. (2005b), wa-
ter stress during different cone development stages seems to
be one of the most notable limiting factors for cone yield.

Long-term empirical evidence has shown that cone crop
production follows a seven- to eight-year yield cycle. In our
study, as cone production was monitored during three years,
annual variations due to climatic conditions were considered
reduced. In fact, we observed that throughout the three col-
lecting seasons in each cluster, the most productive trees were
approximately the same. This is indicative of the two pro-
ductive stages, cone production phase Il and cone production
phase 111, perhaps due to the progressive stability of tree cone
production. Concerning cone production phase I, only 4% of
the trees were selected, indicating that the productivity of this
stage is not yet stable. To guarantee tree superiority, the trees
should be evaluated during at least one production cycle. This
allows the developmental classification stages to be used as a
method of selecting candidates for plus trees inside the three
productive groups.

This methodology for selecting trees assures the sustain-
ability of the breeding program for this species. As a matter of
fact, the enlargement of the base population with smaller trees
(which are usually younger) increases genetic diversity, as
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Table V. Identification of the candidate plus trees and their cone production characterization variables: the number of cones (nc), cone crop
weight (wc) and relative production capacity (pc). The variables were obtained in the three years studied and in the three productive stages
(Stage ID): cone production phase I (3), cone production phase II (4) and cone production phase III (5).

Tree

Stage ID Number of trees identification ne, ne, nes wey we, wes pcy pea pes
3 258 23_QS_7 n.a. 273 346 n.a. 66.3 115 - 0.42 0.73
3_A_1 n.a. 266 143 n.a. 43.89 30 - 0.28 0.19
21_CASC_3 n.a. 215 326 n.a. 50.76 88 - 0.32 0.56

1_CB_8 n.a. 190 n.a. n.a. 43.85 n.a. - 0.26 -
5-M_2 n.a. 55 283 n.a. 18.39 106 - 0.12 0.71
3_CB_10 697 n.a. 633 216 n.a. 170 1.11 - 0.87
8_CB_5 483 294 58 187 65.53 20 0.83 0.29 0.09
4 CB_11 431 n.a. 279 159 n.a. 83 0.98 - 0.51
14 _ CB_7 250 211 161 84 49.68 50 0.42 0.25 0.25
6_QS_2 40 155 479 11 28.96 98 0.07 0.18 0.60
4 144 15 G 3 n.a. n.a. 316 n.a. n.a. 63 — — 0.73
12.G_4 n.a. n.a. 173 n.a. n.a. 41 - - 0.40

5 CB_8 n.a. 216 n.a. n.a. 48.15 n.a. — 0.58 —

19_MM_1 n.a. 203 n.a. n.a. 30.21 n.a. - 0.41 -
3_PS_1 n.a. 196 152 n.a. 57.58 40 - 0.48 0.34

T_A2 n.a. 180 n.a. n.a. 34.11 n.a. - 0.31 -
2.QS_2 n.a. 175 100 n.a. 27.78 19 - 0.37 0.25
2.A1 n.a. 102 185 n.a. 26.94 55 - 0.22 0.46
15 M_2 n.a. 77 234 n.a. 21.77 69 - 0.24 0.77
42_BS_2 n.a. 59 220 n.a. 12.05 63 - 0.17 0.90
2_CB_10 510 n.a. 125 158 n.a. 33 1.17 - 0.24
10_PS_2 403 150 148 134 31.03 47 0.94 0.22 0.33
6_CB_1 330 n.a. 178 95 n.a. 41 1.07 - 0.46
7_CB_9 303 275 61 79 37.15 10 0.91 0.43 0.12
14_HE_43 79 n.a. 155 28 n.a. 47 0.25 - 0.42
5 25 15_CASC_3 n.a. 481 784 n.a. 109.96 226 - 0.29 0.61
6_CB_10 1467 n.a. 890 364 n.a. 212 1.20 - 0.70
1_QS_5 1120 342 139 391 60.89 33 1.15 0.18 0.10

n.a.— not available.

stone pine improvement program strategies are mainly based
on clonal propagation (Barreira and Alpuim, 1988; Gordo,
2004).

S. CONCLUSIONS

The aim of this study was to develop a methodology capa-
ble of identifying trees with high kernel production. In uneven-
aged stands, it is difficult to carry out an unbiased selection
of plus trees for cone production without considering the de-
velopment stage of the tree, as the most productive trees are
likely the oldest. In this study, we proposed a classification
of the stone pine tree developmental stages associated with
tree dimensions and cone productivity. The five stage levels
proposed are: juvenile (stage 1), dominant vegetative growth
(stage 2), cone production phase I (stage 3), cone production
phase Il (stage 4) and cone production phase III (stage 5).
The juvenile trees (for which selection is not possible) were
gathered into stage 1 (juvenile) and stage 2 (dominant veg-
etative growth), which correspond to non-productive groups.
The other three groups are considered to be productive stages.

Unclassified stone pine trees can be assigned to each develop-
mental stage using the established discriminant functions. Plus
trees should be selected among the three productive groups.
Candidate trees must be evaluated yearly for their cone pro-
duction for at least seven years. During this period, their indi-
vidual annual cone production (determined by the number of
cones and cone crop weight) should belong to the 90th quar-
tile and their individual cone productivity should be among the
highest within each development stage to qualify as plus trees.
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