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Variations in heartwood percentage, heartwood radius and sapwood width, within and
between stands of Scots pifr{us sylvestrit.), were analysed using a database of 198
CT-scanned (computer tomography) stems from 33 research plots (stands) throughout
Sweden. Heartwood percentage varied greatly both between individual trees and be-
tween stands, and correlated poorly to site, stand and tree variables. This implies that it
seems unfeasible to identify heartwood-rich stands or stems, e.g., for production of
heartwood products, by using inventory data. Heartwood formation expressed as the
number of new heartwood rings formed each year was found to increase with increasing
cambial age, from about 0.5 rings per year at a cambial age of 45 years, to about 0.8
rings per year at a cambial age of 115 years.
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1 Introduction centage of logs on line in sawmills (Gronlund

and Grundberg 1997). This means that it will be
Many wood properties including heartwood perpossible to determine sawing patterns that opti-
centage influence the utilisation of Scots pingnise the output of heartwood products from an
(Pinus sylvestrisl.). Heartwood differs from individual log. For example, the heartwood of
sapwood in properties such as colour, naturddinus canariensidias been used for carpentry
durability, and suitability for chemical treatmentproducts for a long time (Climent et al. 1993),
(Panshin and de Zeeuw 1980, Haygreen and Bownd Rydell (1992) assumed that a similar devel-
yer 1989). These are important properties foopment could take place concerning the utilisa-
many products. New scanning techniques todajon of heartwood from Scots pine in Sweden.
make it possible to determine heartwood perHowever, the economic feasibility of such pro-
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duction systems depends on many factors irerowns. It should then be possible to explain the
cluding our ability to identify stems or standsvariation in heartwood percentage by describing
with high heartwood percentage. the size of the crown. Many authors have report-
Heartwood formation in Scots pine has beeed results supporting this general model. Nylin-
found to start at the age of 30—40 years in Firder (1961) found that heartwood percentage of
land (Lappi-Seppéla 1952), and at the age of 305cots pine decreased with increasing length of
35 years in Germany (Pilz 1907, Kuhn 1918)the live crown and with increasing width of the
whereas some recent studies in Sweden indicdtesst ten growth rings. Sellin (1993) found in a
a starting (cambial) age well below 25 yearstudy onPicea abiesthat the sapwood can be
(Fries and Ericsson 1998, Morling and Valingerconsiderably wider for dominant trees than for
1998) . For many species there is also a narrosuppressed trees. He later concluded (Sellin 1996)
transition zone surrounding the heartwood thahat the higher the growth rate, the larger the
contains living cells, but has a moisture conteréapwood zone. However, somewhat contradic-
similar to heartwood (Hillis 1987). The width of tory to these findings are those of Leibundgut
the transition zone in Scots pine is not knowr§1983) which indicated that fast-growing trees at
but it can, judged from other species, be adew altitudes had higher heartwood percentage
sumed to be one to two growth rings wide. Théhan slow-growing trees at high altitudes. An-
heartwood-sapwood ratio in conifers has beeother tree characteristic presumably linked to
extensively studied and the subject was reviewedgour is crown defoliation caused by air pollu-
by Bamber and Fukazawa (1985). To focus otion. Steffen et al. (1990) investigated wood prop-
the heartwood may be most relevant from a wooerties of Scots pine trees with varying degree of
utilisation perspective, whereas from a physioerown defoliation from four locations in Swe-
logical point of view it may be more relevant toden, but could not find any significant correla-
focus on the sapwood. Sapwood carries watdions to heartwood percentage.
and nutrients from the roots of the tree to the Another theory is that heartwood formation
needles. Correlations between sapwood widtproceeds with a constant fraction of a growth ring
and some tree characteristics can therefore Ier each new ring formed by the cambium. Wilkes
expected to be stronger than corresponding caft991) investigate®inus radiataand found evi-
relations to heartwood diameter. Many studiedence for this theory. Heartwood production then
have also focussed on sapwood content (e.g. Yabhgcomes greater where rings are wider, and vig-
et al. 1985, Yang and Murchison 1992, Sellirour per se should have little or no influence on
1993, 1996). Many authors have found that heareartwood formation. Wilkes argued that this
wood diameter of Scots pine is relatively concould explain the sometimes contradictory results
stant up to about 20 % of the tree height, aftesf other investigations. This theory is supported
which it tapers off towards the top of the tregartly by the finding that heartwood content cor-
(Nylinder 1961, Tamminen 1962). This meangelates to the early growth rate of the tree. Climent
that because of stem tapering and butt swellingt al. (1993) found a positive correlation between
heartwood percentage increases up to about B@artwood radius dfinus canariensiand radius
% of the tree height. Average sapwood widthio the 25th ring. Hillis and Ditchburne (1974)
has been found to differ between softwood spesoncluded that a knowledge of stem diameter at
cies, but to be relatively constant along the trunfive years of age improved the prediction of heart-
of individual trees (Yang et al. 1985, Yang andvood diameter in 20-50-year-dRinus radiata
Murchison 1992). Hazenberg and Yang (1991) studied the expan-
One theory for the heartwood-sapwood ratigion of sapwood and heartwoodPitea mariana
that is often referred to is the so-called “pipeas a function of time. They found that the heart-
model” which states there is a constant ratio affood expanded at an average rate of 0.81 ring per
foliage mass to sapwood cross-sectional area yar from 10 to 90 years, after which it was close
crown base (Shinozaki et al. 1964). This implieso one ring per year.
that for trees of similar stem size, heartwood The variation in heartwood percentage between
percentage should be lower for trees with biggearees and stands of Scots pine is often considera-
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ble. Tamminen (1962) investigated 20 stands iderstanding of what causes the variations in heart-
Sweden and recorded a coefficient of variatiomood content.
between stands of 15 %, whereas Bjorklund and The objectives of this study were to determine
Walfridsson (1993) in a study comprising 29%he magnitude of variations in heartwood con-
stands in Sweden recorded about 25 % variatiotent within and between Scots pine stands; to
both between stands and between stems withireaalyse correlations to site, stand and tree varia-
stand. Several authors have found age, or thes; and to analyse the number of heartwood
logarithm of age, to be the best independenings as a function of cambial age.
variable for explaining the variation in heart-
wood percentage in Scots pine. Uusvaara (1974 .
studied plantation-grown Scots pine in the age Material and Methods
interval 20-80 years and found that age caused
37 % of the variation. In the study of Bjorklund The study was based on the “Pine Stem Bank”, a
and Walfridsson (1993) age ranged from 42 tdatabase jointly developed by the Department of
192 years and this variable accounted for aboMYood Technology of Luled University, the Swed-
40 % of the variation in heartwood percentagdsh Institute for Wood Technology Research and
They also tested various other independent vatihe Department of Forest Management and Prod-
ables, but concluded that these added little to thects of the Swedish University of Agricultural
explanation. Sellin (1996) found that tree agé&ciences (Grénlund et al. 1995, 1996). The data-
and growth rate together described 70 % of thiease contains information on 198 Scots pine
variation in sapwood content f&icea abiesn stems from 33 well-documented research plots
Estonia. Predicting heartwood width has prove(stands) in Sweden. The stands were chosen in
to be easier than predicting heartwood percentrder to get a wide distribution of latitude, site
age. Climent et al. (1993) found that a functionndex, regeneration method, and thinning strate-
of cambial age and radius to the 25th ring aagy. The stems in each stand were divided into
counted for 91 % of the heartwood width variathree DBH-classes: small trees, medium size
tion in Pinus canariensis. trees, and big trees (DBH = diameter at breast
The big variations in heartwood percentagéeight, 1.3 m above ground). From each DBH-
recorded in many studies has drawn the intereskass two stems with similar DBH were chosen
of geneticists. Fries and Ericsson (1998) found @ able 1). For each tree the whole sawlog length,
high heritability for heartwood diameter in a studynormally to a top diameter of about 130 mm,
on 25-year-old full-sibs of Scots pine in northernvas scanned using computer tomography (CT-
Sweden, and they concluded after one more studganning) for detection of interior properties.
on 44-year-old Scots pine that the heritabilityGrowth ring widths were measured at the butt
was remarkably high (Ericsson and Fries 1998knd of each log along a radius from pith to cam-
Although much is known about correlationsbium. The measurements were made on digital
between heartwood content and growth factorphotographs using image analysis techniques.
there is less information on correlations to sit&he growth ring widths were adjusted to the
characteristics, and on the variations under difaverage distance from pith to cambium, which
ferent conditions. Furthermore, it is still uncleamwas derived from the corresponding CT image.
whether heartwood formation, in terms of growttBased on measurements at the butt end of the
rings per year, is determined by growth factorstem, two relative growth ring indices were de-
or if it proceeds with a constant fraction of theined, one for the initial growth (F20= average
increment each year. Thus there is still a lack ofidth of first 20 rings divided by the mean ring
predictive models for heartwood content variawidth) and one for the last period prior to felling
tions in Scots pine that could be used for sele¢k10, = width of last 10 rings divided by the
tion of heartwood-rich stems or stands, and famean ring width). These were constructed to
production planning purposes. Finally, paralleteflect the growth pattern of each individual stem
analyses of heartwood percentage, heartwood rand to facilitate comparisons between stems from
dius and sapwood width may improve our undifferent site indices. Another indicator of growth,
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Table 1. Summarized stand and tree characteristics for the 33 sample plots (stands). Six Scots pine trees from
three DBH-classes were sampled from each stand. Figures in brackets are number of stands.

Regeneration method Planting (10), sowing (9), natural regeneration (14)

Spacing (if planted or sowed) 0.75 m-3 m (including two spacing trials comprising seven stands)

Thinning strategy Five block-wise comparisons of crown thinning vs thinning from bek&y. (5
Other stands thinned from below (21) or treated with mixed thinning strategies
)

Latitude Approximately 5766°N (from south Sweden to north Sweden)

Site index (SI) 16 m—28 m (SI = height of dominant trees at 100 years age)

Stand age From 70 to 153 years

Tree height (H) 17.5 mto 27.6 m (average of six sample stems per stand)

Diam. at br. height (DBH) 212 mm to 403 mm (average of six sample stems per stand)

DBH (by DBH-class) Small trees 244 mm , medium size trees 286 mm, big trees 331 mm

and thereby a variable possibly correlated t
heartwood content, is the length of the live crown
Also here, a relative value, crown ratio (CR).,
facilitates comparison between stands. Other tre
variables used in the correlation analysis wer
DBH, height to live crown base (HLC), and tree
height (H).
The logs were CT-scanned in fresh conditiol :
which, because the scanning records the green 48 % heartwood 19 % heartwood
density of the material, facilitates an accurate
detection of the moisture content border betweetg. 1. An illustration of the heartwood percentage
heartwood and sapwood (Fig. 1). Thus the tran- variation within stand. Computer tomography im-
sition zone was taken as a part of heartwood. ages (CT-scanning) from 2 m height of two stems
This detection was done by using image analysis from the same stand.
techniques (Grundberg 1994). CT-scanning was
done at 10-mm height intervals and the distances
from pith to sapwood and to log surface underegenerated on site index 22 m (Fig. 2). These
bark were determined in 360 directions. The dataere chosen based on the assumption that age is
were reduced to a data-set containing 36 direan important factor for heartwood content.
tions at 10-cm height intervals. Heartwood per- The variation analyses were done using proce-
centage was expressed as area percentagg)(HWlures for mixed models, with stand classified as
The analysis also encompassed heartwood ra@i+andom variable and DBH-class classified as a
us (HW,g) and sapwood width (S))). fixed variable. However, for the analysis of the
To analyse the variations between stems arrélation between within-stand variation and stand
stands a single value giving the best possibleariables (stand age and site index), the six sam-
representation of the whole stem was needefle trees were considered as randomly sampled.
This value should minimize or control for exam-The analysis of within-stand correlations to tree
ple the effects of butt swelling and stand age. Aariables was made using a method based on
stem section fulfilling these requirements waginear regression. Stand (1, 2,....33) was used as
selected by describing the vertical variation otlass variable and the increase in the adjusted
HWy,, HW,,gand SW,q in a sub-sample of stems coefficient of determination @dj) when tree
comprising the youngest stand, the 70-year-oldariables were entered into the model was calcu-
stand planted on site index 24 m, and the oldekited. The analysis of stand level correlations to
stand which was 153 years of age and naturalkjte, stand, and tree variables was based on arith-

122



Bjorklund Identifying Heartwood-rich Stands or Stems of Pinus sylvestris by Using Inventory Data

metic mean values for the six stems from eacB Results
stand and linear regressions.

The investigated parts of the stems were cros$he examples chosen to illustrate the vertical
cut into two to four logs depending on lengthyariation within stems showed that heartwood
and growth rings were measured at the butt endadius tapered at a rather constant rate. Sapwood
of these logs. Cambial age and the number @fidth was biggest at the butt end of the stem,
heartwood rings could thereby be estimated @nd was rather constant above 3 m heighto HW
different heights in the stems, ranging from stumpmcreased the first few metres from the butt end
level to 15 m height, thus providing a possibilityof the stem and decreased towards the top of the
to analyse heartwood formation as a function aftem. The decrease began at about 4 m height in
cambial age. The slope of a regression line indthe young stand, whereas H\h the old stems
cates the number of heartwood rings that anemained fairly constant up to 10 m height (Fig.
formed each year. 2). The approximately constant Hyfrom 4 to

All statistical analyses were conducted by usi0 m height in the old stand, and the short sec-
ing standard procedures, such as General Linei@on at about 4 m height in the young stand
Models, Regression, and Mixed Models, of theshowing a similar feature, might indicate that the
Statistical Analysis System (SAS) version 6.12ge-dependent increase in k\Wevels out at a
(SAS Institute 1989). certain cambial age. Comparing different stands

at a height where the cambial age is high enough
then means that the effect of stand age would be
Table 2. Descriptive statistics and variation analysisTinimized. From these observations it can be
for heartwood percentage (HW heartwood ra- concluded that, given the range in stand age in
dius (HW,g and sapwood width (S, at 3.5—  this investigation from 70 to 153 years, a stem
4.5 m height. 198 stems divided on 2 stems pefection at about 4 m height can serve as a basis

DBH-class and 33 stands. for further analysis of variations within and be-
tween stands. The following analyses are there-
Descriptive statistics fore based on mean values from ten measure-
HWe HWraa Sl ment heights ranging from 3.5 to 4.4 m height of
Mean value 36 % 69 mm 46 mm each stem.

Min-max, stems 12-63 % 31-119 mm 22-90 mm ' N€ three investigated properties, WAWraq
Min-max. stands 26-46 % 46-105 mm 34—68 mnend SWiq, showed considerable variations within
’ stands as well as between stands..HMfiation
Source of variation Coefficients of variation was hlgher Wlthlln DBH-class tha.‘n betweer_1
HWog, HWrag SWwia  Stands. A comparison of the coefficients of vari-
ation for HW,q and SW4 also indicates that
Stand 13.7% 21.5% 16.0 % HWo,, variations within DBH-class depend more
Stand (DBH-class 5.4%  6.5% 7.4 %qn differences in sapwood width, whereas W
Tree within DBH-class  18.0%  9.9% 14.6 %, o jaiions between stands depend more on dif-

Table 3. Analysis of the variation among DBH-class levels. 198 stems divided on
2 stems per DBH-class and 33 stands (SE = standard error; Means not
significantly different between DBH-classes are followed by the same letter).

DBH-class Relative HW, HWrad SWiid

DBH Mean % SE % Mean mm SE mm Mean mm SE mm
Small 0.85 34.2a 1.22 57.1a 2.83 40.6a 1.64
Medium 1.00 36.0a 1.23 69.2b 2.83 46.0b 1.65
Big 1.16 36.5a 1.23 79.3c 2.83 52.6c 1.65
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Fig. 2. Heartwood percentage (HWY, heartwood radius (HW) and sapwood width (SW) in the sawlog
section (butt end to about 13 cm diam.) of six stems per stand from two stands. Stand A on site index 24 m
and 70 years of age, stand B on site index 22 m and 153 years of age.
Legend: - - - - - - =small trees, - - - - - = medium size-trees, = big trees.

ferences in heartwood radius. The interaction The within-stand variation of HW HW,,4and
between stand and DBH-class was relativelgW,q, expressed as coefficient of variation for
small, indicating that the within-stand tree sizehe six sample trees, showed, with one excep-
effect was about the same for the stands (Tabl®n, no correlation to stand age or site index.
2). HW, was not significantly different between The exception was HW, where the variation
DBH-classes whereas both H\Wand SW;q in-  decreased with increasing site index (Table 4).
creased with increasing tree size (Table 3). The analysis of variations between stems within
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Table 4. Multiple regression on the relationship between within-stand variation,
expressed as coefficient of variation of heartwood-sapwood properties, and
stand age and site index. N = 33. Model form: c.v. of f%¥f(age, SI).

Property Radj for Variable Parameter Standard Prob >/T/
the model estimate error

c.v. of HWy, 0.04 intercept 0.2429 0.1386 0.0898

age —0.0005 0.0006 0.4001
Sl —0.0006 0.0042 0.8981
c.v. of HWq 0.17 intercept 0.3466 0.1058 0.0027
age 0.0000 0.0004 0.8755
Sl —-0.0070 0.0032 0.0373
c.v. of SWiig 0.10 intercept 0.1366 0.1189 0.2589
age —-0.0004 0.0005 0.4509
Sl 0.0036 0.0036 0.3258

Table 5. Regression analysis, within stands, for indialmost no increase of the adjusted coefficient of
vidual trees of heartwood percentage (fig\heart- determination (Table 5).
wood radius (Hwg), and sapwood width (Syy) The analysis at stand level covered, besides
on various tree variables (DBH = Diameter atree variables, some site and stand characteris-
breast height, HLC = Height to live crown basetics (site index, latitude, and stand age). The best
H = Tree height). variable for explaining the variation in HyV
was the height to live crown (HLC), followed by
Increase in Radj when tree variable(s) are the crown ratio (CR)_ Increased HLC and de-

added to a model where stand is class variable L
(R2adj for the model y = stand were 0.46 for ~ creased CR correlated with increased W so,

Tree variables le_"f’\;\Z'Ga for HWa(:.;“t’:;\;EdOAQ for SWg\)/\/wid F2Q¢ correlated well with HW, whereas site
index and latitude did not correlate at all. Varia-
DBH (mm) 0.01 0.24 0.23 bles_ positively cqrrelated to tree size also showed
H (m) 0.00 0.15 0.10 Ppositive correlation to HW; whereas corre-
HLC (m) 0.01 0.00 0.00 sponding correlations to SW were less pro-
CR (%) 0.00 0.04 0.05 nounced (Table 6).
F20Q/(%) 0.05 0.00 006  The 33 investigated stands encompassed five
L10rei(%) 0.03 0.01 0.00  siudies where low thinning was compared to
Best combination of crown thinning, and two studies on initial spac-
tree variables ing. The analysis did not indicate that these silvi-
HLC + F2Qe  0.06 cultural measures influenced heartwood percent-
DBH + F2Qg 0.25 0.26 age (Table 7).

The number of heartwood rings as a function
of cambial age was best predicted by a second
degree polynomial (Fig. 3). The slope of the
regression line indicates that heartwood forma-
stands showed that Hy\torrelated poorly with tion proceeds with 0.5 rings per year when cam-
the six selected tree variables, with the least pobral age is about 45 years, with 0.7 rings per year
correlations for the relative growth ring indiceswhen cambial age is about 90 years, and with 0.8
(F2Q¢ and L1Gy). HW g and SW,4 correlated rings per year when cambial age is about 115
somewhat better with the tree size indicator varnyears. There was thus a clear tendency that heart-
iables, DBH and H, whereas correlations wittwood formation, expressed as the number of
crown height, crown ratio, and growth ring indi-new heartwood rings formed each year, increas-
ces were close to zero. Multiple regressions gawes with increasing cambial age.
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Table 6. Regression analysis for stand means of heartwood percentagg),(¥rtwood radius
(HW,a¢) and sapwood width (Sy)) on various site, stand and tree variables. N = 33. (DBH
= Diameter at breast height. HLC = Height to live crown base. H = Tree height.)

HW g (%) HWradmm) SWhig(mm)

R2  Regr. coeff. R Regr. coeff. R Regr. coeff.
Simple regression
DBH mm 0.12  0.036 0.85 0.25 0.64 0.12
H m 0.26 0.96 0.73 4.33 0.29 1.43
HLC m 0.41 1.39 0.51 4.18 0.04 n.s.
CR % 0.37 -0.59 0.09 n.s. 0.09 n.s.
F2Q. % 0.33 0.11 0.32 0.29 0.01 n.s.
L10g % 0.11 n.s. 0.01 n.s. 0.05 n.s.
Sl m 0.02 n.s. 0.14 1.61 0.13 0.79
Age year 0.13 0.07 0.21 0.25 0.02 n.s.
Lat deg. 0.00 n.s. 0.15 -2.00 0.29 -1.48

n.s. = not significant at the 5 % level

Table 7. Analysis of the influence of thinning strategy and initial spacing on heartwood percentage.

Material Thinning strategy Initial Spacing
low crown 0.75 1.25 1.5 2.0 25 3.0
Average HWj at 3.5-4.4 m height

5 thin. trials, SI 16-27 m, 127-143 years 36 % 36 %
Spacing trial, SI = 28 m, 87 years 35% 34% 35% - - 34 %
Spacing trial, SI =23 m, 77 years - - 35% 38% 31% -

w20 7 4 Discussion

100 |

4.1 Material and Methods
80
The sample plots used for this study were small
and carefully managed, thus not necessarily rep-
resentative of full-size normally managed stands.
This is an important reservation concerning vari-
il ation estimations of properties such as knotti-
ol i @SS where silviculture is known to play a funda-
o 20 40 60 80 100 120 140 160 mental role, but should be of minor importance
Camblal age (CA) for the heartwood-sapwood relation. In this study
) ) _ it is more important that for example site index
Fig. 3. The number of heartwood rings as a function Obftnd stand age are correctly estimated.
cambial age. Height in stem ranging from stump To distinguish heartwood from sapwood in a
level to 15 m. The fitted model was found ;0 b%pecific sample is seldom a problem and can be
HWhings = —4.8297 + 0.3232CA +0.0021 CA%  5ccyrately done with different methods. Howev-
R?=0.88, RMSE = 7.1, n = 503. Both regressiop, stems are normally not perfectly cylindrical,
coefficients were strongly significant, p > 0.00014he position of the pith is seldom exactly in the
centre, and heartwood extension can be different
in different directions. This means that many

60

40 ]

20

Number of heartwood rings (HWrings)
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observations are needed in order to accuratebponds well with recent studies in Sweden (Fries
determine heartwood or sapwood content of and Ericsson 1998, Mérling and Valinger 1998).
stem. This has been stressed by e.g., Fries and he relatively strong correlation between cam-
Ericsson (1998). In the present study the stetmial age and the number of heartwood rings, and
level estimates of HWy, HW,,q and SW,q were the very low correlations between heartwood con-
based on 360 observations within a one-metiient and site, stand and tree variables, can be
stem section. The accuracy at stem level shoutiten as a support for the theory that heartwood
thus be high. formation proceeds with a constant fraction of a
growth ring per year. That the relative width of
the first 20 growth rings (F2() was among the
4.2 Results least poor variables for describing heartwood
percentage further supports this conclusion. It
The present study confirms earlier studies shovseems that this process, combined with a normal
ing that heartwood content varies considerabhgrowth ring pattern of Scots pine in Sweden
both between individual trees and between standshick growth rings close to the pith and thinner
and correlates poorly with site, stand and tregrowth rings further out), results in a heartwood
variables. It was found that the variation beformation that starts at a cambial age of about 15
tween trees within the same DBH-class, growingears and levels out at about 35 %, some 50
in the same stand, was higher than the variatigrears later. The length of the stem section with
between stands. These results indicate that Sc@S % heartwood extends upwards as the tree gets
pine in terms of heartwood formation is littleolder, and for trees of 130-150 years of age it
affected by where it is grown, and only to amay reach 8-10 m height (as exemplified by
limited extent affected by how it is grown. Thisstand B in Fig. 2). The correlation with kg0
conclusion is in accordance with Morling andalthough weak, also implies that a silvicultural
Valinger (1998) who found that the effects ofprogramme aimed at minimising the knot size
thinning and fertilisation on the amount of heart{slow growth at the beginning of the rotation
wood, 12 years after treatment, was limited. Howperiod and fast growth at the end) will result in
ever, the variation between stands, and the calecreased heartwood percentage.
relation to age, was lower in this study than in The results of this study imply that it seems
the studies of Uusvaara (1974) and Bjorklundinfeasible to identify heartwood-rich stands or
and Walfridsson (1993). This was probably bestems, e.g., for production of heartwood products,
cause there were no stands younger than 70 yeassusing inventory data. However, the big varia-
in this study. Young stands have low heartwoodility and the possibility to detect heartwood
percentage and the variation between standsrough scanning technigues, means that scanning
therefore increases when such stands are incluaihd log sorting at the sawmill could be an option
ed in the investigations. worth exploring. A high within-stand variation in
The finding that the number of new heartwoodeartwood percentage could actually be positive
rings formed each year increases with increasirfgom a utilisation perspective if the logs were
cambial age corresponds well with a study oscanned for interior properties before sawing. The
Picea mariana(Hazenberg and Yang 1991).likelihood of finding some logs with very high
However, it seems that the fraction of a growttheartwood percentage would then increase. How-
ring yearly transformed from sapwood to heartever, the results in Table 4 show almost no corre-
wood is lower for Scots pine comparedPicea lations between within-stand variations and site
mariana The present study also indicates, alindex or stand age. Thus we can only conclude
though this result was reached by extrapolationthat the bigger the logs are, the bigger the incen-
that heartwood formation should start at a cantive for thinking in terms of heartwood products.
bial age of about 15 years. This is a considerabljwe want stems richer in heartwood in the future,
lower age to that found in earlier studies orhis will more likely be achieved through geneti-
Scots pine in Finland and Germany (Pilz 1907al breeding than through silviculture and site
Kuhn 1918, Lappi-Seppald 1952), but correselection. Fries and Ericsson (1998) concluded in
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