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IN  COMMERCIAL  PLANTATIONS
by

Teresa Quilhó1 & Helena Pereira1, 2

SUMMARY

Eucalyptus globulus trees, 15 years old, were sampled at different heights 
from commercial pulpwood plantations in two sites in Portugal. Bark 
thickness was higher in the site with better growth and always decreased 
from the tree base to the top. Bark content was site independent and on 
average 11% of stem dry weight, higher at the base and top, and lower 
at 35% height level.
Tree mean wood basic density averaged 600 kg /m3 and 568 kg /m3 for 
best and worst site, respectively, and was not correlated with tree growth. 
Wood density increased from base to top of the tree. Between-tree vari-
ation was low with coefficients of variation of site mean below 10%. 
Bark density (374 kg /m3 and 454 kg /m3 for best and worst site, respec-
tively) did not show significant within tree variation. Average tree wood 
density could not be predicted with reasonable accuracy using a breast 
height sampling and better results were obtained using a sampling as a 
percentage of total height (e.g. 15%).

Key-words: Eucalyptus globulus Labill., variability, wood, bark, basic 
density, bark content, bark thickness.

INTRODUCTION

Eucalyptus globulus Labill. is a fast growing species managed in intensive short rota-
tion plantations and highly prized for its wood quality for paper production. It is 
planted on a large scale in southern Europe (Portugal and Spain), Australia and South 
America. 
    Density is probably the most commonly used quality indicator for wood. Density 
may vary among trees of the same species due to genetics and ecological differences, 
as well as within a tree, i.e., age-related longitudinal and radial variation (Wilkes 1984; 
Fukazawa 1984; Wilkins 1991; Wate et al. 1999). Wood density results from different 
interacting factors, mostly anatomical, such as fibre diameter, wall thickness and pro-
portion of non-fibrous cell types, and also chemical such as ash and extractives con-
tent (Fujiwara 1992; Sandercock et al. 1995). 
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    In E. globulus some of those aspects were recently described for wood and bark 
(Quilhó et al. 2000; Jorge et al. 2000; Miranda et al. 2001a, b) but data on basic densi-
ty are still scarce for E. globulus. There are few studies on bark content, an important 
production parameter accounting for approximately 16% of the merchantable bole 
dry weight (Quilhó et al. 2000). This paper gives information on the within and be-
tween-tree variation of wood and bark density, as well as on the bark content for 
E. globulus grown in two sites in Portugal. 

MATERIAL  AND  METHODS

Eucalyptus globulus Labill. trees, 15 years old, were harvested from commercial pulp-
wood plantations in Portugal, at sites with a different quality class for eucalypt growth 
(Castelo Branco and Rio Maior, respectively, worse and better site). At each site, four 
1000 m2 plots were established and 5 trees per plot were randomly selected for sam-
pling. Sites and trees are characterized in Table 1.
    Cross-sectional discs, 5 cm thick, were cut from each tree along the stem at differ-
ent height levels (5%, 15%, 35%, 55% and 75% of the total tree height) and at breast 
height (1.3 m). The bark was removed and its thickness measured at 30 points around 
the perimeter using a gauge. Two cross diameters were measured for each debarked 
disc. Bark content was calculated as bark oven dry weight as a percentage of the total 
disc oven dry weight. The basic density of wood and bark was calculated using water 
displacement for green volume determination.
    The tree mean basic density of wood and bark was determined using a volume 
weighted average of the values obtained at each height level (Jorge et al. 2000). The 
tree bark volume was calculated as the difference between total tree volume and wood 
volume. Volume was determined by sections corresponding to the different sampling 
height levels as a total of 6 conical sections; the top portion above 95% of total height 
(with a diameter under 3 cm) was disregarded. 
    Results obtained at a fixed height of 1.3 m (breast height) were compared with the 
tree average. 
    Analysis of variance was used to determine statistically significant differences at a 
0.05 confidence level.

Table 1. Characterisation of sampling sites and Eucalyptus globulus 
tree mean DBH (diameter at breast height) and height.

                                                             Castelo Branco                      Rio Maior

     Coordinates                                     39° 49' N; 7° 29' W               39° 15' N; 9° 01' W
    Altitude, m                                      380                                        150
     Mean temperature, °C                     16                                          15
     Mean annual rainfall, mm              825                                        883
     Soils                                                schist                                     sandy (gravel)
    Tree DBH, cm                                 15.9 ± 0.6                              21.9 ± 1.8
    Tree total height, m                         19.8 ± 1.5                              28.0 ± 1.8
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RESULTS  AND  DISCUSSION

Bark thickness 
    The average bark thickness decreased from 6.5 mm at the base (5% of total tree 
height) to 1.9 mm at the top (75% of total tree height) in Castelo Branco, and from 9.8 
mm to 3.7 mm in Rio Maior. There was a statistically significant difference of bark 
thickness between the two sites (P < 0.001), but not between plots in each site. Bark 
thickness was higher in the site with the larger trees (Rio Maior), the difference being 
roughly in proportion with the difference in wood radius: e.g. at 5% height level, the 
ratio bark thickness /wood radius was 10 mm: 10 cm in Rio Maior and 6 mm: 8 cm 
in Castelo Branco.
    Between-tree variation of bark thickness within a site shows some differences, es-
pecially in the lower part of the stem, where the coefficients of variation of the mean 
were approximately 15%. A similar variability in bark thickness was previously re-
ported for E. globulus (Quilhó et al. 2000).
    Since tree volume growth is usually estimated by measurements that include the 
bark, this means that wood volume growth may be either over- or under-estimated. 
The measurement of bark thickness simultaneously with total tree diameter is therefore 
advised for obtaining the best estimate of wood volume. The between-tree variability 
also opens up the possibility for using bark thickness as a selection trait.
    Bark thickness decreased from the base to the top, and higher values were always 
found near the base of the tree (Fig. 1). This agrees with bark thickness being associ-
ated with tree height level and diameter, and increasing more or less continuously 
with age, as observed in Betula pendula and B. pubescens (Bhat 1982), Tsuga hetero-
phylla (Bramhall et al. 1977), Quercus robur, Ulmus glabra, Populus tremula and 
Betula pendula (Trockenbrodt 1994). Quilhó et al. (1999) studied the within tree vari-
ability of bark anatomy in E. globulus, and found an age effect in periderm and phloem 
development with an increase of periderm (especially of phelloderm) and of non-

Fig. 1. Axial variation of bark thickness in 15-year-old Eucalyptus globulus trees in Rio Maior 
and Castelo Branco. Mean of 20 trees per site and standard deviation.
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collapsed phloem at the stem base as compared with the younger samples in the upper 
part of the tree.
    The rate of decrease of bark thickness along the stem was larger in the lower part 
(up to 40% tree height) and smaller and constant in the upper part. The variation of 
bark thickness (in mm) with tree height level (in % of total height) could be modelled 
for these 15-year-old trees by a quadratic equation, respectively for Rio Maior and 
Castelo Branco (Fig. 1): y = 0.0014 x2 – 0.1893 x + 10.316 (r2 = 0.968) and y = 
0.0010 x2 – 0.1893 x + 6.8753 (r2 = 0.974). The variation of bark thickness within 
individual trees as related to wood diameter shows a similar pattern, which is inde-
pendent of tree dimension (Fig. 2). Bark thickness decreased sharply with tree diam-
eter in the lower part of the stem, but only slightly decreased in the smaller diameters, 
corresponding to the upper part of the tree.

Fig. 2. Axial variation of bark thickness within individual trees with tree diameter in Rio Maior 
and Castelo Branco (5 trees in one plot per site).
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Bark content
    The average stem bark content, in % o.d. weight, was 11.4% in Castelo Branco and 
10.5% in Rio Maior. There were no significant differences between sites or plots. 
These values agree with Sibly et al. (1976) for 8–12-year-old E. globulus (10.1%) 
and E. regnans (10.4%). 
    Bark content varied axially within the tree (Fig. 3). The pattern was similar for all 
trees, the content being higher in the lower part of the stem (14% at 5% height level), 
decreasing to the 35% height level (9%) and increasing again, but less, towards the 
top (12% at 75% height level). Bouvet and Baillères (1995) also observed for the 
hybrid E. grandis × E. urophylla a progressive decrease of bark percentage from the 
base to mid stem and then an increase towards the top. In 1-year-old E. globulus trees, 
Pereira and Araújo (1990) reported an overall higher bark content (20–26%) that 
increased with height. This resembles the pattern seen in the uppermost part of the 
stem, where bark content increases. 
    The variation of % bark content is the combined effect of the differing rates of 
axial variation of bark thickness (Fig. 2) and of wood diameter. At the stem base it is 
the higher increase of bark thickness that mostly determines the higher bark content, 
while towards the top of the stem wood diameter decreases more than bark thickness, 
thereby increasing the proportion of bark.

Wood basic density
    The average wood basic density was higher in Rio Maior than in Castelo Branco 
(Table 2). These results are at the high end of the range of values reported for E. glo-
bulus used for the pulp industry (Valente et al. 1992). This reflects the age of these 
trees (15 years), which is above the usual commercial harvest age (9 to 13 years). In 
fact, wood basic density of E. globulus has been reported to increase with harvest 
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Fig. 3. Axial variation of bark content in the stem of 15-year-old Eucalyptus globulus trees in 
Rio Maior and Castelo Branco. Mean of 20 trees per site and standard deviation.
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age: 430, 450, 454, 527, and 543 kg /m3 in trees of 1, 2, 3, 6 and 9 years old, respec-
tively (Pereira & Araújo 1990; Miranda et al 2001b; Miranda & Pereira 2001).
    An analysis of variance of wood basic density for the two sites showed highly 
significant differences (P < 0.001). The wood density was higher in Rio Maior, the 
better quality site, therefore confirming previous reports that growth rate is not nega-
tively correlated with wood density in E. globulus (Miranda 2001a, b). This lack of 
correlation between tree growth and wood density is also clearly seen at an individual 
tree base on the scatter plot of Figure 4.

Table 2. Wood and bark density (kg/m3) for a 15-year-old Eucalyptus globulus in two 
sites. Mean and standard deviation of 20 trees per site.

        Site                                                          Castelo Branco                    Rio Maior

        Tree mean density
             Wood                                                       568 ± 33                           600 ± 32
             Bark                                                        454 ± 34                           374 ± 41
        DBH density
             Wood                                                       540 ± 35                           564 ± 30
             Bark                                                        463 ± 40                           375 ± 42
        DBH density / Tree density
             Wood                                                     0.96 ± 0.05                       0.94 ± 0.07
             Bark                                                      1.03 ± 0.11                       1.02 ± 0.12
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Fig. 4. Scatterplot of tree mean wood basic density and tree diameter at breast height for 15-
year-old Eucalyptus globulus trees in Rio Maior and Castelo Branco.
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The between-tree variability of wood basic density within a site was not large with 
the coefficients of variation of the mean below 10% both at individual height levels 
as well as at tree level. This variability is similar to other reports for E. globulus, e.g. 
the between-tree variation of wood density within a provenance and site was small 
with coefficients of variation of the mean often near 5% (Miranda et al. 2000a). 
    Figure 5 shows the axial variation of wood basic density in both sites. Wood den-
sity increased from the base to the top of the tree, more in the lower part of the stem, 
corresponding on average to 11% of wood density increase from the 5% to the 75% 
height levels. When analysing the variation pattern for individual trees, some of them 
showed an initial wood density decline between the 5% and 15% height levels, be-
fore the increase upwards. 
    Position along the stem was a very significant (P < 0.002) source of variation for 
wood density. This is usually the case but different patterns of longitudinal variation 
can be found in conifers or hardwoods. An increase is the general pattern of variation 
for Eucalyptus (Wang et al. 1984; Wilkes 1988; Zobel & Van Buijtenen 1989; Gominho 
et al. 2001). In E. globulus, the axial increase of wood density could reflect the in-
crease of fibre wall thickness from the base to the top, which has been observed 
(Jorge 1994), and a possible variation of vessel dimensions and percentage. In E. 
grandis and E. saligna the stem density declined initially from stump level to 25% of 
tree height and then gradually increased towards the top (Bhat et al. 1990). 

Bark density 
    The bark basic density was on average 374 kg /m3 in Rio Maior, ranging from 
302–480 kg /m3, and 454 kg /m3 in Castelo Branco, ranging from 389–519 kg/m3 

(Table 2). Farrington et al. (1977) reported 370 kg/m3 as the mean in 2–6-year-old E. 
globulus trees.
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Fig. 5. Axial variation of wood basic density of 15-year-old Eucalyptus globulus trees in Rio 
Maior and Castelo Branco. Mean of 20 trees per site and standard deviation.
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There was a significant difference of bark density between sites and plots (P < 0.05). 
Wang et al. (1984) also found environmental effects on bark, e.g. on structure and 
chemistry, that can result into density differences.
    Figure 6 represents the axial variation of bark basic density in both sites in this 
study. The within tree variation was small and without a distinct pattern, e.g. the 
highest densities were found near the base in Castelo Branco but in the top in Rio 
Maior. Within each site, no significant differences in bark density were found be-
tween height levels. It was expected that the highest densities would appear near the 
base of the tree, since secondary structural changes, related with age, occur and give 
rise to an increase of collapsed phloem with cell sclerification and accumulation of 
organic compounds from top to bottom of the tree (Quilhó et al. 2000). However the 
densest bark was often found at the top of the tree.
    Comparison of the axial variation in wood and in bark (Fig. 5 & 6) does not neces-
sarily follow the same pattern.

Sampling at breast height
    A major problem always faced in sampling wood is to determine where in the tree 
the sample should be taken to give meaningful results to represent the whole tree. 
Wood quality of trees is often determined using samples taken at 1.30 m (breast height), 
even if this may introduce a sampling bias and an additional factor of variation due to 
the different height growths of individual trees. 
    To evaluate how samples taken at this tree height estimate the tree mean wood 
basic density, these two values were compared for each tree (Fig. 7 and Table 2). The 
results showed that the average tree density could not be predicted with adequate ac-
curacy using breast height density, not even for ranking purposes. Some works have 
shown that the best assessment of tree mean basic density was obtained from a sam-
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Fig. 6. Axial variation of bark basic density of 15-year-old Eucalyptus globulus trees in Rio 
Maior and Castelo Branco. Mean of 20 trees per site and standard deviation.
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Fig. 7. Scatterplot of tree mean wood basic density and breast height wood density.

Fig. 8. Scatterplot of tree mean wood basic density and wood density at 15% height level.

pling at 25% of the commercial height and not at 1.30 m (Bouvet & Baillères 1995). 
The scartterplot of tree mean density and density at 15% (Fig. 8) shows a better cor-
relation, especially for the trees in Rio Maior, thereby confirming that a sampling at a 
percent height level is preferable to a sampling at a fixed height.
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CONCLUSIONS

Wood density in Eucalyptus globulus was not correlated with tree growth and varied 
significantly with site. Between-tree variation was low and the within tree pattern of 
axial variation was similar for all trees with an increase from base to top. 
    Sampling at breast height did not prove adequate to estimate tree average density 
and for that purpose a sample taken at a percent of total height is preferable.
    In relation to bark, thickness differed between sites and the between-tree variabil-
ity was important especially in the lower part of the stem. Within tree variation showed 
a decrease of bark thickness along the stem. 
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