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PHENOTYPIC CORRELATIONS AMONG WOOD PROPERTIES
AND GROWTH IN WILD CHERRY PLANTATIONS
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Italy is one of the major users of cherry wood (Prunus avium L.), and its
cultivation has been increasing since the early nineties, together with
studies aimed at improving genotypes, with a selection usually based on
growth, stem form, vigor, and tree adaptation. Here, the phenotypic
correlations between growth rate and the physical and mechanical
properties of wood are investigated in two wild cherry plantations. X-ray
microdensitometry was also applied to analyze the age-age correlations
of wood density. It was shown that growth rate did not affect wood
properties, and density was confirmed to be the trait that best represents
the main properties of wood. The absence of relationships between
wood density and growth rate was confirmed by densitometric analysis,
although an increase of wood density with an increase of ring width was
detected for very narrow rings (less than 3 mm wide). The average
density at age 7 to 8 was observed to be highly correlated (r > 0.90) to
the average density of a 19-year-old tree, allowing reliable estimation of
the wood properties of older trees by early investigation of young trees.
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INTRODUCTION

Italy is one of the major European users of cherry wood (Prunus avium L.), which
is highly appreciated and mainly used for furniture, both as solid wood or veneer, for
cabinet making, turnery, and flooring. Currently, the high timber demand is partly
satisfied by the import of black cherry from North America, although wild cherry
cultivation has been expanded since the early nineties, thanks to the public incentives.
The positive carbon-sink functions and the wide geographical range that make it a native
species in most of the European countries are among the several benefits of wild cherry
cultivation, together with the production of valuable timber, which can be used for lasting
product manufacture.

Therefore, studies aimed to select and improve genotypes for arboriculture
purposes, and numerous breeding programs for wild cherry have been increased in Italy,
as well as in many other European countries (Muranty et al. 1998; Santi et al. 1998;
Martinsson 2001; Kobliha 2002; Curnel et al. 2003). Up until now, the selection of
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superior genotypes has been mostly based on growth, stem form, adaptation, and survival
traits. But, because the timber production is the final goal, the knowledge of the
relationship between growth and wood traits is a fundamentally important issue
(Rozenberg and Cahalan 1997; Raymond 2002; Zhang et al. 2003; Bouffier et al. 2008).

Compared to softwoods, the influence of the growth rate on the physical and
mechanical properties of hardwoods seems reasonably lower. For diffuse-porous
hardwoods, no relationship between growth rate and wood density has been found in
previously studies (Fukazawa 1984; Zobel and van Buijtenen 1989; Zhang 1995). The
same conclusion was drawn in particular for black cherry (Prunus serotina, Koch 1967)
and birch (Betula pendula, Nepveu and Velling 1983). For poplar (Populus spp.) the
results have been more controversial: some authors reported the absence of correlation
between density and growth rate (Matyas and Peszlen 1997; DeBell et al. 2002; Zhang et
al. 2003), while others described a weak negative relationship (Beaudoin et al. 1992;
Hernandez et al. 1998; Pliura et al. 2006, 2007). Little research has been done on the
influence of growth rate on shrinkage and mechanical properties of hardwoods. For
diffuse-porous hardwoods, a number of studies did not detect any such correlation in
poplar (Zhang 1995; Matyas and Peszlen 1997; Koubaa et al. 1998; De Boever et al.
2007) and birch (Betula platyphylla and Betula utilis, Zhang 1995), while few reported a
negative correlation again in birch (Nepveu and Velling 1983) and poplar (Hernandez et
al. 1998). So far, no specific studies have been carried out on wild cherry.

In the same way, the relationships in the wood properties of valuable hardwoods
still remain an open question. For example, wood density is generally considered the
most representative trait of wood properties and it is used to describe overall wood
quality, both as concerns mechanical timber properties, as well as workability,
shrinkages, and dimensional stability, although most studies have focused on softwoods,
on Populus, and Eucalyptus genera (Zobel and van Buijtenen 1989; Zhang 1997;
Hernandez et al. 1998; Koubaa et al. 1998; De Boever et al. 2007). Density is also an
easily measurable trait that can be useful for extensive studies. Here, the importance of
knowing the correlations among traits arises from two main aspects: firstly, the demands
of the future industry sometimes are difficult to foresee properly. Also, because of the
very long time needed in forest tree improvement programs, it seems worthwhile to
acquire as much information (i.e. several traits) as possible on the wood characterization
of previously selected clones. At the same time, the use of a large number of traits during
breeding programs would increase costs and time requirements, leading, moreover, to a
loss in the effectiveness of selection; therefore attention should be focused on a few wood
properties, while being aware of the correlations with the other traits.

The majority of the main physical and mechanical characteristics of wood were
analysed previously in order to provide information on the variability of the cherry wood
properties both within the tree, within and among clones, and between sites (Nocetti et al.
2010). The results showed significant clone effect for all the studied traits; for growth
traits the most important source of variation was the site, while for wood properties the
highest variability was detected within the tree. In this paper, the correlations among all
these traits are investigated.

Finally, wood properties fluctuate with tree age, and the evaluation of wood traits
carried out on very young trees can lead to unexpected performances of older plants.
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Therefore, age-age correlations and the determination of minimum age at which traits can
be assessed in order to obtain a reliable estimation of the same properties at later ages is
of crucial importance to favor the early investigations and, consequently, to shorten the
studies on wood properties (Vargas-Hernandez and Adams 1992; Rozenberg and Cahalan
1997; Koubaa et al. 2000; Raymond 2002). Hence, a microdensitometry technique was
applied to wild cherry trees in order to calculate the age-age correlations for the wood
density and the results are presented. Hence, the aims of the work are to:

e Examine the relationships between growth rate and wood properties;

e Investigate the correlations between physical and mechanical properties of wood
and verify density as the best trade-off trait of overall wood characteristics for
cherry as well,

e Analyze the age-age correlations for wood density.

MATERIALS AND METHODS

Sampling and Laboratory Measurements

In total, 71 cherry trees were collected in two twenty-year-old clonal trials located
at two sites, Marani farm and Forestello, in the north and in the centre of Italy,
respectively. The clones were micro-propagated from selected phenotypes located in the
central Apennines, between 44°31°20” lat. N and 43°23°00” at different altitudes
(between 150 and 1000 m a.s.l.) and planted in 1986. At the Marani farm the initial
spacing was 3 X 3 m and a systematic thinning was carried out in 1995; at Forestello the
plantation was mixed with Alnus cordata, and the spacing was 3 x 3 between trees and 6
X 6 m between wild cherry trees.

Six clones, with four clones common to both sites, and four-eight ramets per
clone, were felled and processed in 2006 and 2007 in order to undergo laboratory tests
and measurements. The characteristics of the sites, the specimen preparation, and the
laboratory tests have been described in detail in a previous paper (Nocetti et al. 2010).

After harvesting, diameter at breast height and total tree height were measured,
and a 1-m-long log was collected 50 cm above ground level from each tree, transported to
the laboratory, and immediately processed. The percentage of heartwood area in the
cross section and the number of sapwood rings were measured in a 2 cm thick disc;
specimens were scanned and processed with an image analyzer software.

Wood density, linear and volumetric shrinkages, shape factor (ratio of tangential
to radial shrinkage), and the main mechanical properties were determined in defect-free
specimens cut from the four radial planks of the log and numbered in sequence from the
pith to the bark. The heartwood / sapwood position were recorded accordingly.

For the physical determinations the specimens were first measured in the green
state, conditioned at 65% RH and 20°C, measured again, and finally oven-dried. Wood
density was calculated as the ratio of weight to volume at 12% of wood moisture content
(conditioned state, ISO 3131); radial, tangential, and volumetric shrinkages were
calculated as the percentage of oven-dried to green measures (ISO 4469 and I1SO 4858).

For mechanical tests the specimens were cut and conditioned before testing. The
dynamic modulus of elasticity was measured by means of the BING software
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(http:/Iwww.xylo-metry.org/en/softwares.html) (Brancheriau and Bailléres 2002). After
that, the specimens were subjected to the static bending test to determine the modulus of
rupture (ISO 3133). The maximum compression strength parallel to grain and the
maximum shear strength were calculated as the load at failure divided by the cross
specimen area measured at the testing time (ISO 3787 and ISO 3347, respectively).
Finally, wood hardness was determined by means of the Brinell method (EN 1534).
Samples for physical and mechanical properties determinations were collected both from
heartwood and sapwood zones (Table 1).

Table 1. Symbols and Number of Specimens per Site and Heartwood (h) /
Sapwood (s) Area

Trait Symbol Marani Forestello TOT
h S h S

Growth Traits
diameter at breast height DBH 48 23 71
height H 48 23 71
stem volume VOL 48 23 71
mean ring width RW 48 23 1270

Heartwood/Sapwood content
percentage of heartwood area HW% 48 23 71
number of sapwood rings SR 48 23 71

Wood Traits
wood density D1, 279 127 192 152 750
radial shrinkage RS 279 127 192 152 750
tangential shrinkage TS 279 127 192 152 750
volumetric shrinkage VS 279 127 192 152 750
shape factor T/R 279 127 192 152 750
modulus of elasticity MOE 110 82 80 88 360
modulus of rupture MOR 129 90 89 90 398
max compression strength MCS 131 90 90 91 402
max shear strength MSS 131 90 89 91 401
hardness HB 93 66 46 46 251

In addition, microdensitometric analysis was performed in order to describe the
density variation along the radius and to investigate its relationship with growth at ring
level: microdensitometry allows a decomposition of the relationships in wood density, its
intra-ring components (minimum and maximum ring density), and growth rate (ring
width). The measurements so achieved were also used for calculation of the age-age
correlations for wood density.

To the purpose, a disc was cut (1.3 m high from ground level) from each tree log,
and a radius was chosen to be free of defects and to be representative of the whole disc.
From the radius, a thin section (1 cm in size on the tangential direction and 1.2 mm thick
on the longitudinal direction) was cut and then seasoned at 20°C and 65% R.H. before
undergoing X-ray analysis according to the procedure developed by Polge (1978).
Briefly, the specimens were perpendicularly irradiated by X-rays (distance from the
source 1.6 m) at the voltage of 9 kV and current flow of 10 mA for 12-15 minutes. The
resulting X-ray films were scanned at a 1,000 dpi resolution with 8 bits per pixel and the
digital images were then processed with the WinDENDRO software (Guay et al. 1992),
obtaining a spatial resolution of 25 um. Together with the specimens, a wedge of well-

Nocetti et al. (2012). “Wood phenotype correlations,” BioResources 7(3), 3160-3174. 3163



PEER-REVIEWED ARTICLE b | oresources.com

known density was irradiated, such as to convert the X-ray absorption (resulting in a
grayscale) in density. The microdensitometric measurements were analyzed using a
computer routine written in R language (R Development Core Team 2010).

For each ring of the microdensity profiles, ring width (rw), mean, minimum, and
maximum ring density (m, mi, ma, respectively) were computed. After that, the mean
ring width was calculated at the tree level both for the whole radius, in the heartwood,
and the sapwood area.

Data Analysis

The statistical analysis was performed separately for the two sites. At first the
assumptions of the normality of each data series distribution and the homogeneity of
variance were Vverified by Wilk-Shapiro and Levene test respectively. Afterwards,
because of the significant clone effect and the high variation between heartwood/
sapwood areas previously observed (Nocetti et al. 2010), an ANOVA model was
performed for each trait including clone and (for the wood traits) sampling position
(heartwood/sapwood) as fixed effects (Model 1).

Yij =u + fi +y + B + & 1

In Eq. 1, Yj; is the observed value at tree level of the sampling position j of the clone i, x
is the overall mean, g is the effect due to the ith clone, y; is the effect due to the jth
sampling position, (By)j; is the interaction between the ith clone and the jth sampling
position, and eij is the random error.

Models were checked for significance and distribution of residuals: as expected,
most of the variables showed significant clone and sampling position effect, while the
interaction between the factors was not always significant. When a lack of significance
was detected, a new model was recalculated, excluding the not significant parameter.
The correlation analysis was then achieved by the calculation of Pearson correlation
coefficients on the bases of the residuals from the model: these residuals do not contain
the variance due to the fixed effects and can be interpreted to a larger extent as
phenotypic correlations (no clone effect).

The correlation analysis was divided into three phases: firstly, correlation
coefficients at tree level were calculated between all pairs of growth traits, heartwood
content, and wood traits (trait-trait correlations).

Secondly, phenotypic correlations at ring level were calculated between all pairs
of microdensity variables, in order to fully analyze the relationship between tree growth
and wood density, and to eliminate the cambial age effect. Correlations between ring
width and density variables were calculated for each year-ring indexed by cambial age.

Finally, cumulated weighted means of wood density at different ages (d,) were
calculated based on the mean density of each ring (m;) and ring area (ra;):

Yo ra; s m

d, = -
N1 Ta; (2)

Age-age correlations for wood density were then computed.
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In the case of the microdensity analysis, the correlations were calculated on the
residuals of the models where only the clone effect was included.

RESULTS

Trait-Trait Correlations

The correlation coefficients between all possible pairs of growth traits and
heartwood/sapwood content traits are shown in Table 2 for both sites. In Table 3 the
correlation coefficients are reported for ring width and wood properties.

Growth traits were positively correlated with each other. As expected, the
diameter and the ring width showed high correlation coefficients with each other and
with the tree volume; on the contrary the tree height did not display any significant
correlation neither with diameter nor with ring width (only in Marani a weak correlation
was detected), but only a moderate and positive correlation with the tree volume.

The percentage of heartwood area displayed a positive and moderate correlation
with growth traits (except for ring width), but only in Forestello. On the contrary, the
number of sapwood rings (on average 10 rings, quite constant over sites, clones, and
trees) did not show any significant correlation with the other characters, but a negative
correlation with the percentage of heartwood area in Marani.

Generally, growth traits, the percentage of heartwood, and the number of sapwood
rings were not significantly correlated with wood traits. Moreover, the correlations
between growth traits and shrinkages did not define any clear trends (data not shown).

The absence of any relationship between growth rate and wood properties was
confirmed by the lack of significant correlations found out between mean ring width and
wood traits (Table 3).

As far as wood traits are concerned only (Table 3), the linear and volumetric
shrinkages were significantly positively and strongly correlated with each other; the
correlations between shrinkages and mechanical properties were mostly not significant.

The mechanical properties, however, were significantly positively but moderately
correlated with each other (although correlations were sometimes weaker for hardness
and modulus of elasticity).

Table 2. Correlation Coefficients Between Growth Traits and
Heartwood/Sapwood Content by Sites. Marani Above the Diagonal and
Forestello below (Symbols Explained in Table 1)

DBH H VOL RW HW% SR
DBH ns 0.76*** 0.69*** ns ns
H ns 0.41* 0.32* ns ns
VOL 0.85*** 0.44%** 0.61*** ns ns
RW 0.80*** ns 0.78*** ns ns
HW% 0.44* 0.46* 0.46* ns -0.60***
SR ns ns ns ns ns

*** significant at a = 0.001; ns = not significant
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Table 3. Correlation Coefficients by Site (Marani Above the Diagonal and
Forestello Below) between all Possible Pairs of Wood Traits and Ring Width
(Symbols Explained in Table 1)

RW D1, RS TS VS T/R MOEd MOR MCS MSS HB
RW 0.24* ns ns ns -0.25* ns ns ns ns ns
Di, ns 0.35%** (.45%** (,52%** ns ns ns 0.39** 0.61*** 0.63***
RS -0.30* 0.67*** 0.36*** 0.71*** -0,76*** ns ns ns ns ns
TS ns 0.45** 0.46** 0.88*** ns ns ns ns ns ns
VS ns 0.64*** 0.75** 0.90*** ns ns ns ns ns ns
T/R ns -0.35*-0.74** ns -0.30* ns ns ns ns ns
MOEd ns ns ns ns ns ns 0.50*** (0.45*** ns ns
MOR ns 0.60*** ns ns ns ns 0.33* 0.44%** ns 0.22*
MCS ns 0.52%* (.48*** ns ns -0.47** ns 0.30* 0.44%* (0.39***
MSS ns 0.38*** ns ns ns ns 0.30* 0.50*** ns 0.58***
HB ns 0.34*** ns ns ns ns ns ns 0.38** ns

*significant at a = 0.05; ** significant at a = 0.01; *** significant at a = 0.001; ns = not significant

Wood density was significantly correlated with the physical and mechanical wood
properties. Correlations were high and positive except with the shape factor and the
dynamic modulus of elasticity.

Microdensitometric Analysis: Correlation between Growth Rate and Wood
Density

Mean ring density was positively and highly correlated both with the minimum
(r=0.88; p<0.001 and r=0.81; p<0.001 in Marani and Forestello, respectively) and
maximum ring density (r=0.82; p<0.001 and 0.86; p<0.001), while minimum and
maximum ring density showed a positive and highly significant relationship between
each other, but lower values of the correlation coefficients (r=0.60; p<0.001 and 0.57;
p<0.001).

In Fig. 1, the radial variations of ring width and mean ring density for each site
are illustrated. After an increase at the beginning (mainly in Forestello), a steep decline
in the growth rate could be measured starting at cambial age 4 to 5. The mean ring
density was quite constant along the radius in Marani and was slightly decreasing in
Forestello. These led, at site level, to a weak and positive relationship between ring
width and mean ring density (r=0.29; p<0.05).

If calculated based on cambial age, this relationship was somewhat different
(Table 4). In Marani samples a positive correlation was detected between ring width, and
mean and maximum density in the outer rings (very narrow rings, less than 3 mm wide),
while no correlation was found with minimum density. In Forestello no significant
correlations between ring width and microdensity variables were observed, with the
exception of a positive correlation with the mean and maximum density in few external
and narrow rings.
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Fig. 1. Radial variation of ring width (rw) and mean ring density (m) for Marani and Forestello

sites

Table 4. Correlation Coefficients at Ring Level Between Ring Width (rw) and
Density Variables (m = Mean Ring Density; mi = Minimum Ring Density; ma =

Maximum Ring Density) for Each Cambial Age (ca) (years)

Marani Forestello

ca m mi ma m mi ma
1 -0.33* ns -0.49*** ns ns ns

2 -0.48*** -0.33* ns ns ns ns

3 ns ns ns ns ns ns

4 -0.39** -0.33* -0.30* ns ns ns

5 ns ns ns ns ns ns

6 ns ns ns ns ns ns

7 ns -0.33* ns ns ns ns

8 ns ns ns ns ns ns

9 ns ns ns ns ns ns
10 ns ns ns 0.58** 0.47* ns
11 ns ns 0.37* ns ns 0.54**
12 ns ns 0.31* 0.42* ns ns
13 ns ns ns ns ns ns
14 0.55*** ns 0.59%** 0.42* ns ns
15 0.39** ns 0.46*** 0.47* ns 0.48*
16 0.51*** ns 0.51%** ns ns 0.52*
17 0.53*** ns 0.68*** ns ns 0.57**
18 - - - 0.50* ns 0.65**
*significant at a = 0.05; ** significant at a = 0.01; *** significant at a = 0.001; ns = not significant
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Age-Age Correlations

The densitometric data have been used to investigate the relationship between tree
density at different cambial ages (from 1 to 19 years) and whole tree density at age 19
(Fig. 2).

As a consequence of the lack of density variation observed along the radius in
Marani (Fig. 1), the early years average density was highly correlated with that of the
older tree; in Forestello the correlation coefficients at early ages (age 1 to 3) were quite a
bit lower, but they rapidly increased. In both sites, the correlations were enhanced with
cambial age and reached a value of 0.99 at year 13 in Marani and year 15 in Forestello,
but exceeded the value of 0.90 at year 7 in Marani and year 8 in Forestello.
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Where not explicitly indicated, the correlation coefficient significance was p<0.001; ns = not significant.

Fig. 2. Correlations between the density at different ages (cumulative average from the pith to
age n) and at the mature age (cumulative average of the whole radius) in Marani and Forestello
sites

DISCUSSION

The study was conducted in two clonal trials located in different sites. The site,
as well as the clone factor and the variation inside the tree were shown to have a
significant effect over the growth traits (site and clone) and the wood properties (site,
clone and radial position of the specimens, Nocetti et al. 2010). All these sources of
variation were taken into account in order to remove their influence over the
determination of the correlations. In particular, the two sites were kept separate in the
analysis, while the clone and the sampling position effects were eliminated by analyzing
the residual of the ANOVA model which included the two factors. This enables the
calculation of phenotypic correlations: in the sampled plantations included in the study
the number of clones was not sufficiently high to permit the calculation of genetic
correlations, therefore only phenotypic correlations were determined.
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In addition, as strictly concerns the wood properties determination, the sampling
was done keeping in mind the necessity to minimize costs and effort, but, at the same
time, aiming to achieve representative results. To the purpose, the bottom of the tree was
avoided, because the wood property variation in that part of the trunk has been found to
be higher than in the other parts (Zobel and van Buijtenen 1989). At the same time the
sampling was done at the breast height because it was considered in the past satisfactory
in predicting the whole tree (mainly as concerns the wood density, Zobel and van
Buijtenen 1989). However, it has to be noticed that the sampling sufficiently considered
the radial variation of the wood properties, but not the variation that might occur along
the stem.

Therefore, the following discussions and conclusions have to be read keeping in
mind the sampling limitations set out.

Trait-Trait Correlations

Growth traits were positively correlated among each other, similarly to what was
described in other studies on wild cherry (Muranty et al. 1998; Curnel et al. 2003) and
many other species. By contrast, the tree height showed a lack of correlation with
diameter.

In the same way the heartwood content was widely reported to be positively
correlated with growth traits (tree diameter or height), when analysed in the form of
heartwood area, volume, and width (Bamber and Fukazawa 1985; Rink 1987; Woeste
2002), but contrasting results can be found on sapwood/heartwood ratio or area
percentage: a negative or lack of significant correlation between the percentage of
heartwood area and growth rate (height or diameter) was reported in two studies on 10
year-old black walnut (Juglans nigra, Rink 1987; Rink and Phelps 1989), while a
positive relationship was found out on 35-year-old trees of the same species (Woeste
2002). Similarly, our results were contradictory at two sites, showing no significant
relationship between heartwood area percentage and growth traits in one plantation, and
positive or not significant in the other, and thus could not provide any reliable conclusion.

The number of sapwood rings, instead, seems to be much more constant over
sites, clones, and trees. The lack of correlation with the growth traits can be evidence of
the weak influence over this trait of genetic factors (at least at clonal level), site factors
(Nocetti et al. 2010), and growth rate. Nelson (1976) found out a positive and weak
relationship between the number of sapwood rings and tree diameter in black cherry and
black walnut, and a much stronger relationship with tree age. Tree age was found to be
the main factor influencing the number of sapwood rings also in poplar, where the two
variables were positively correlated (Yang and Hazenberg 1991).

At both sites the wood properties were not correlated with growth traits and, in
particular, the mean ring width was found not to influence the wood properties analyzed,
as a confirmation of the weak effect of growth rate on the physical and mechanical
characteristics of diffuse porous hardwoods (Fukazawa 1984; Zobel and van Buijtenen
1989; Zhang 1995).

In addition, wood density was verified to be the trait that best correlated to a
number of important wood basic properties, thus able to describe overall wood
characteristics in wild cherry, as widely established for other species (Zobel and van
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Buijtenen 1989; Rozenberg and Cahalan 1997). This can be useful when an evaluation of
wood properties has to be done and the measurement of many traits can be difficult, time
consuming, and expensive. In such cases density can be easily measured and can
effectively predict most of the wood characteristics.

As strictly concerns wild cherry and considering the use to which it is usually
intended (veneer or, as solid wood, furniture, paneling, and flooring), the appearance of
wood is very important, and particularly the color, the absence of knots (obtained by
pruning), gum pockets, and green vein. However, other traits (i.e. hardness and
dimensional stability) have to be considered for a better workability of the raw material.
So, a choice based on density could positively contribute to an improvement of the wood
quality in clonal cherry plantations.

Microdensitometric Analysis

With the microdensity variables it was possible to analyze the intra-ring charac-
teristics and to investigate the correlations between density and growth rate at ring level
and for cambial age.

The radial variation of ring width rapidly decreased from the pith to the bark at
both sites. Although a possible effect of the cambial age on the growth rate can be
reliably hypothesized, the sharp decrease of ring dimension observed here can be mainly
ascribed to the high competition among trees. The little spacing between plants and the
lack of correct thinning (Nocetti et al. 2010) reduced the growth rate to an extreme extent
in the last decade.

Cambial age also can affect the relationship between growth rate (ring width) and
wood density; indeed, the weak positive correlation between ring width and density
variables detected at site level, when calculated for each cambial age, disappeared. Only
for very narrow rings (less than 3 mm wide) could an increase of ring width result in a
consequent increase of wood density. Similar findings have been described in the
literature: Fukazawa (1984) reported a positive correlation between density and growth
rate for rings less than 1 mm wide in Japanese diffuse porous hardwoods. On the
contrary, Nepveu (1992) quoted the results of other works on wild cherry, where, for
rings between 1.5 and 4.5 mm width, there was a decrease of wood density with increase
of ring width, but it is impossible to deduce whether these considerations have been
carried out at equal cambial age.

No generalization is possible so far, but a lack of correlation between growth rate
and wood properties in wild cherry could be seen as a positive result, if we consider that
an increase in growth rate will not result in a modification of wood density and wood
characteristics. Very narrow rings, the only attribute related to ring width that appears to
affect properties, should not be allowed in any silvicultural practice. Instead, the results
recommended for wild cherry production is to choose favorable growth sites and to
provide enough thinning and/or large spacing (Balandier and Dupraz 1999; Cutter et al.
2004). The spacing must be balanced in such a way to ensure the ability of the tree to
grow productively (high growth rate) and correctly (high quality stem, straight form and
small branches/knots). This is particularly necessary for wild cherry, which is
characterized by a slow natural pruning and by the tendency to develop lateral branches
when there is a lack of competition (Seifert et al. 2010).
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Age-Age Correlations

The densitometric data have been used to investigate the relationship between
wood density at different cambial ages (from 1 to 19 years) and whole tree density. The
results showed that the wood density at cambial age of 7 to 8 years has a strong
correlation with the density of a 19-year-old (r > 0.90).

Other studies have shown comparable results. Early selection for wood density
was possible at age 2 to 3 (over 6 to 7 year-old trees) in eucalyptus (Greaves et al. 1997;
Osorio et al. 2003) and at age 6 (over 10 year-old trees) in poplar (Pliura et al. 2006).
The cited studies, however, reported conclusions based on genetic correlations, which are
not possible to calculate here due to the limited numbers of clones. Phenotypic
correlations have been observed to be generally lower, especially at younger ages, than
genetic correlations, both for growth traits (Lambeth 1980; Lambeth et al. 1983) and
wood density (Vargas-Hernandez and Adams 1992), or equal (Bouffier et al. 2008), but a
generalization in this sense is impossible. Therefore, a further analysis on genetic
correlations is necessary to properly assess the potential of early selection.

However, the results reported here can be useful information to effectively
investigate the wood properties on young trees, obtaining a reliable estimation of the
same properties of older trees.

CONCLUSIONS

In early breeding programs of forest trees for timber production, studies focused
mainly on growth, adaptation, form, and disease resistance. The amount of stems and
branches has a great impact on wood quality and all of these aspects, therefore, must
certainly be considered of primary importance in order to obtain superior genotypes. But
it becomes increasingly clearer that there is a need to consider wood traits in order to
improve the quality of timber or at least to monitor its evolution when selection is carried
out on other genetically correlated traits.

The phenotypic correlations presented in this study can be considered helpful
information in order to understand the relationship between growth rate and wood traits.
In particular the main achievements of this research can be summarized as follows:

1. Growth traits were positively correlated with each other, but not with wood
properties.

2. The wood properties were not affected by the growth rate.
Density is confirmed to be the trait that best represents the main properties of wood.

4. The absence of any relationship between wood density and growth rate is confirmed
by densitometric analysis, although an increase of wood density with an increase of
ring width was detected for very narrow rings (less than 3 mm wide).

5. Average density at age 7 to 8 is highly correlated with the average density of a 19-
year-old tree.
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STANDARDS

EN 1534. Wood and parquet flooring - Determination of resistance to indentation
(Brinell) - Test method

ISO 3131. Wood - Determination of density for physical and mechanical tests

ISO 3133. Wood - Determination of ultimate strength in static bending

ISO 3347. Wood - Determination of ultimate shearing stress parallel to grain

ISO 3787. Wood - Test methods - Determination of ultimate stress in compression
parallel to grain. (1976)

ISO 4469. Wood - Determination of radial and tangential shrinkage

ISO 4858. Wood - Determination of volumetric shrinkage
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