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ABSTRACT

In this study six Swedish, five Polish, two central European and three second generation central European
Norway spruce (Picea abies (L.) Karst.) provenances grown on a former agricultural site in south-western
Sweden were evaluated for basic density, basic density level and dry matter production. The Swedish
provenances tended to have high basic density but low volume and dry matter production. The rankings of
volume and dry matter were very similar and the variation was mainly explained by geographical zone of origins
of provenances. The highest yielding provenances were from Poland but variation within in this group was large
especially for basic density. Basic density and annual ring width were not affected by provenances within zones.
Provenance was however a signiticant contributor to the variation in basic density level for which no zonal effect
was detected. On fertile land there may be a point in selecting genotypes for which the density is less sensitive

to a high growth rate.
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INTRODUCTION

Provenance transfer has proven to be an efficient way
to increase growth and yield of Norway spruce (Picea
abies (1..) Karst.). Transferred provenances may pro-
duce 10-30 % more than the local provenance in
Sweden (KRUTZSCH 1975a, PERSSON & PERSSON
1992). In Sweden south of lat. 60 °N North-castern
continental populations from Belarus and eastern
Poland are recommended (WELLENDORF et al. 1986 and
PERSSON & PERSSON 1992). Besides high growth
capacity, those provenances have late bud flushing and
may thus be less susceptible to late spring frosts
(KRUTZSCH 1975b, PRESCHER 1982 and SABOR 1989)
and have a lower incidence of spike knots and other
defects (PERSSON & PERSSON 1992).

Basic density is related to several factors of interest
for wood utilisation, e.g. strength of solid wood and
pulp yield and quality. In Norway spruce, basic density
and growth rate are negatively correlated (ELLIOT 1970,
OLESEN 1976, and DANBORG 1994), Negative genetic
and phenotypic correlations with basic density to
diameter growth rate are also found among genetic
entries. In the genus Picea this negative relationship is
very general on all gentic levels and most pronounced
in Norway spruce (review in ROZENBERG & CAHALAN
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1997). Provenances with high basic density thus tend to
have poor growth (ERICSON 1969 and WORRALL 1975,
NEPVEU 1979). Basic density is also strongly geneti-
cally correlated to height (HYLEN 1997: r = -0.68). Of
interest is also if different genetic entries yield different
basic densities at a given annual ring width, i.e. basic
density level, to make it possible to select entries that
combine high basic density and growth rate. This has
been examined using analysis of covariance by LARSEN
et al. (1997) and ROZENBERG et al. (2001) in order to
utilise it in genetic selection. Other strategics to handle
the negative corrclation in breeding are reviewed by
ROZENBERG & CAHALAN (1997).

As an effect of the negative correlation between
growth and basic density, yield differences between
provenances could be expected to be substantially
lower in terms of biomass than in volume. Selection of
genetic entries with high growth capacity could have
negative impact on basic density, resulting in weak
lumber and poor pulp yield. However, earlier studies
have shown that provenance variation in basic density
of juvenile wood is rather low and do not influence the
relative performance of provenances much (ERICSON
1968, BLOUIN et al. 1994 and PERSSON & PERSSON
1997). The difference in basic density between north-
eastern continental and southern Swedish origins is
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only a few percent. Studies on older trees showed that
provenance differences were greater in the butt log and
decreased upwards (Anders Persson, unpublished).
Two alternate interpretations of this is that provenance
differences are greater in mature wood than in juvenile
wood, or that provenance variation decreases once the
stand was closed.

Very few unbiased estimates on biomass and vol-
ume yield variations between provenances has so far
been made. Most genetic tests use single-tree plots,
which means that the interaction between trees is not
representative.

Possible negative effects of low basic density could
be expected to be most prominent on very fertile sites,
such as on abandoned farmland. NOREN (1996) showed
that basic density at a given ring width was not lower
on farmland than on equally fertile forest land, but still
very low. Since basic density is a major concern when
considering the suitability of growing Norway spruce
on abandoned farmland, choosing seed sources that are
prone to develop low density may not be advisable.
This is particularly true in cases where there are other
factors that may contribute to low basic density, such as
northern latitude (SARANPAA 1993 and BIJORKLUND
1984), high site quality and moist soil (OLESEN 1976,

Table 1. Origin of provenances.

MADSEN et al. 1978 and MOLTESEN et al. 1985) or
wide spacings (JOHANSSON 1993). Dominant trees may
also be more prone to develop low basic density
(JOHANSSON 1993, PAPE 1999).

The objectives of this study were to state whether
there is a provenance variation in the diameter growth
and basic density wood and biomass yield for Norway
spruce grown on farmland in southern Sweden. The
provenance variation in basic density level was also to
be evaluated. The study was made in a provenance test
belonging to a large experimental series laid out as a
balanced lattice design established with 25-tree plots.
This make yield studies possible and it is possible to
discuss the representativity of the results.

MATERIAL AND METHODS
Site, seed source and experimental design

A provenance trial with Norway spruce situated on flat
agricultural land in Ostad, south-western Sweden
(latitude 57° 56’, longitude 5° 40°, altitude 60 m) was
used. The trial belongs to an experimental series
established in 1969 with originally 23 provenance test

Reg No  Geographic location Latitude, °N Longitude, °E Altitude, m
Sweden

S12 Fredros, Gunnarskog, County of Varmland 59°55 12937 230
P 61 Fjdllstjarn, County of Alvsborg 58°57' 12°19' 110
Bg 82 Hirryda, County of Bohuslin 56°42 12°18' 120
F 162 Unnaryd, County of Jonk&ping 56°58' 13°35’ 165
G121 Vevik V. Torsds County of Kronoberg 56°40' 14°38' 150
N 124 Dalagiirde, Nosslinge, County of Halland 57°13' 12°38' 130
Western Continental Second Generation in Sweden

E 175 Omberg, V. Tollstad, County of Ostergstland 58°18 14°40' 190
N 123 Nordand, Vixtorp, County of Halland 56722 13°10 80
M 329 Boserup, Risekatslosa, County of Scania 56°02' 12°56' 50
Western Continental

Ty 108 Westerhof, Harz 51°45' 10°08' 170
Ty 109 Bayrischer Wald, Béhmerwald 49°00' 13°15 1100
Poland

Po 46 Zwierzyniec, Bialowieza 52°40' 25°15' 160
Po 77 Bialystok, Biatystok 52°4Q" 23°5Q' 120
Po 78 Przerwanki, Olsztyn 54°09' 22°08' 100
Po 1 Istebna, Krakéw 49°35' 18°50' 700
Po 79 Zakopane, Krakéw 49°18' 19°57 850
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sites of which two were written off, two were estab-
lished in northern Sweden and 19 in Sweden south of
latitude 60°N (WERNER & KARLSSON 1982). The trial
comprised 16 provenances - six Swedish, three second
generation western continental grown in southern
Sweden, two western continental, three Polish north-
eastern continental and two were from the Beskids Mts.
in southern Poland (Table 1.) The seed was collected in
1964-1965 and sown in the spring of 1965. The sced-
lings were transplanted in 1967 and planted on the site
in 1969. A 16 treatment balanced lattice design was
used (COCHRAN & Cox 1957), with eight blocks each
consisting of sixteen 5 x 5 seedling plots to which the
provenances were randormly assigned. The spacing was
2 x 2 m. The trial was thinned in 1993 leaving approxi-
mately 1500 siems: ha™.

Sampling and measurements

In 1981 all trees were measured for height and in 1991
all trees were callipered at breast height and a sample of
trees were measured for height make it possible Lo
estimate mean height and dominant height per plot. In
the calculation of velume and dry matter yield, trees
which had died before 1991 were ignored. Tiees which
had died between 1991 and 1995, or were thinned in
1993 were assigned heights and diameters according to
a regression model derived from diameter and height
data from [995. Diameter and height increments up
until 1993 were assumed to be half of the increments
for the whole period and were miodelled using diameter
in 1991 as the independent variable. Separate models
for different provenances did not improve the estimates
why one single diarmeter model and one single height
model was employed. Tree volumes were obtained
using the models developed by NASLUND (1947).

A samplc of increment cores for density assessment
was taken in the spring of 1996 when also diameters
and heights were measured. Three sample trees were
chosen from each plot; one large, one medium sized
and one small tree. Increment cores were taken fromn
bark to pith at breast height (1.3 m.) at the western side
of the trees.

Annual ring widths were measured on the cores,
after which the cores were cut into segments of three
annual rings from the cambium towards the pith. Basic
densities of the segments were determined using the
water displacement method (OLLSEN 1871}

Analyses
To evaluate large-scale variation, the provenances were

grouped into zones according to origin. Owing to the
limited number of provenances, the extensive zonal
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division suggested by FOTTLAND & SKR@PPA (1989)
was not adopted. Instead a grouping of origins into just
three zones was made: 1. Sweden, 2. Western continen-
tal (including second generation continentals grown in
Sweden for one generation), and 3. Poland.

The basic density level model, the dependence of
basic density on annual ring width, developed for
Norway spruce by OLESEN (1976), has been used by
several researchers to compare various treatment effects
on density for a given ring width (PAPE 1999, JOHANS-
SON 1993, DANBORG 1994, and BROLIN & NOREN
1993). The basic density level model was used to study
the relationship between basic density (R) and ring
width (RW) variation which is represented by the
infercept in the model;

b
KW+c¢

where the intercept a expresses earlywood (minimum)
density, b represents the difference between latewood
and carlywood density, and ¢ is set to 2 as suggested by
DANBORG (1994). The model was fitted separately to
each tree in order to avoid nonindependent observations
and enable simultaneous analysis of different ring
numbers from pith. The estimated parameters, a and b,
were compared in a univariate analysis of variance
using the model (1).

Densities of the stem crosscuts were estimated
weighing the segment densities according to area.
Whole stem-densities were then calculated from breast
height values according to a formula described for
Norway spruce in Finland (HAKKILA 1966). Similar
parameter estimates has been obtained when fitting the
equation to highly productive Swedish stands (PAPE
1999) why the original estimates were assumed to be
reasonably valid also for this material. Stem volume
and dry matter yields were estimated for each plot/block
—provenance representation using all callipered trees on
the plotincluding trees felled in thinnings and trees that
had died. Biomass yield was determined as the product
between stem volumes and densities.

The variations of basic density and ring width, as
well as the parameters @ and b in the basic density level
equation were analysed using the fellowing model:

= a+

Yy =m+ i+ 4,4 b+ dyy + ey + 1d g+ e, (1)

ikim

where Yy, is the dependent variable, basic density or
ring width, m is the overall mean j; is block (fixed
effect), 1, is tree size class (fixed effect), b, is zone
(fixed), dy,, is provenance within zone (random) and
€mmyn 18 Tandom error, To analyse variation between
segments a repeated measures analysis of variance was

performed using segment number from pith as a repea-

105



C. LUNDGREN & B. PERSSON: VARIATION IN STEM WOOD BASIC DENSITY AND DRY MATTER FOR P/CEA ABIES

ted measure. SAS statistical program package, ver.
6.11, PROC GLM was used in the analysis (ANONY-
MOUS 1996).

Tree volume and dry matter values were summed up
for each block and provenance combination thus
forming one value per plot. A univariate analysis of
variance of the stem dry matter and volume was per-
formed using the model:

Y =M+ i + by + dyy + €y [2]
RESULTS
Density and annual ring width

The range in area weighted density between different
provenances was ca 20 kgm~ (Table 2). Swedish
provenances tended to have higher densities than
Western continental, whereas the density of the Polish
provenances was low but varied much. In the mature
wood the range was ca 40 kgm™ and the largest varia-
tion was found within the Western continental group.
The repeated measures test of density is shown in Table
2a. No interaction effects were significant why the
model (1) was run without interaction factors. The

Whole Disc
Mature Wood

400 4 -

1

350 o

Basic Density kg m*®

300
0
12 61 82 162121124175123329108109 46 77 78 1 79

Sweden W. Continental Poland

Figure 1. Area weighted basic density, means per prove-
nance, standard errors are shown. Empty bar — mature wood,
dark bar — whole disc.

corresponding analysis of ring width is shown in Table
2b. The trend is similar for both variables; the effects of
block and zone are significant whereas the model fails
to detect any effect on the provenance level. The
development of basic density and annual ring width by
zone is shown in Figure 3.

Table 2. Area weighted basic density (kgm™) and ring width (mm), means per provenance, standard errors inside brackets

(N =24)
Whole disc Mature wood (Ring no from pith> 18)
Provenance
Basic density Ring width Basic density Ring width

Sweden
S12 3439 (5.40) 347 (0.12) 3843 (9.0 2.17  (0.13)
P 6l 345.0 (6.35) 3,53 (0.19) 387.2  (13.74) 1.98 (0.16)
Bg 82 3554  (6.59) 327 (0.12) 375.1  (11.95) 2.14  (0.14)
F 162 3451 (5.13) 349 (0.12) 3735 (947 2.09 (0.14)
G 121 348.7 (442 3,58 (0.18) 383.0 ( 8.65) 2.56  (0.19)
N 124 350.5 (6.59) 328 (0.13) 383.6 (11.61) 2.15  (0.14)
Western Continental
E 175 342.5 (5.95) 3,55 (0.13) 369.9 ( 6.66) 241  (0.11)
N 123 346.0 (5.27) 342 (0.16) 389.9 (10.61) 2.17  (0.14)
M 329 3389 (5.71) 3.81 (0.19) 351.6  ( 8.20) 2.89 (0.26)
Ty 108 3345 (6.10) 3.51 (0.14) 370.6  (11.44) 2.39  (0.21)
Ty 109 3337 (6.19) 370  (0.16) 3504 ( 8.19) 2.64 (0.19)
Poland
Po 46 3342  (7.69) 364 (0.13) 368.0  (17.30) 2.54  (0.17)
Po 77 351.7  (6.43) 341 (0.14) 383.1 (922 2.19  (0.12)
Po 78 3472  (7.07) 344  (0.16) 3643 ( 8.44) 2,52 (0.20)
Po 1 333.6  (5.08) 370 (0.14) 3534 (9.7 2.46 (0.14)
Po 79 338.7 (6.67) 356 (0.14) 368.5 ( 9.00) 2.41 (0.2
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Figure 2. Annual ring width, means per provenance, standard
ervors are shown. Empty bar — mature wood, dark bar — whole
disc.
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Figure 3. Development of basic density and annual ring
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Basic density level

The analysis of variance of the parameters of Olesen's
(1976) model for basic density level, is shown in Table
3. Contradictory to basic density (Table 2) there was no
significant zonal variation but significant provenance
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variation within zones. The R-squares of the model
varied between 1 and 94 % with the bulk of the values
around 40 %. The residuals of the models were studied
and no correlation to ring number from pith or other
discrepancies were detected. The basic density levels,
tor the different provenances are shown in Figure 4.

Volume and dry matter

The analysis of variance (Table 4a and b) showed
significant variation between blocks as well as between
zones, but no significant variation between provenances
within zones was proven. For both the western conti-
nental and the Polish zones, all provenances except one
had higher volume and biomass yicld than any of the
Swedish provenances. The ranking of provenances was
very similar for volume and stem biomass yield (Fig-
ures 5 and 6).

DISCUSSION

Abandoned farmland is usually more fertile than
farmland, but often frost prone. The seedlings and trees
should be able to utilise the good growing conditions
without risking to suffer from frost injury. It is there-
fore essential to choose suitable genetic entries or
provenances. Compared to other trials in the serics, the
tree growth was fast and there was a rather high fre-
quency of trees injured by frost (WERNER & KARLSSON
1982). As a provenance test the trial is very decisive,
The experiment is laid out on both sides of a small
stream and there are moist patches which are probably
very frost prone. Growth tended to be somewhat lower
in blocks close to the stream but there were no apparent
trends in mortality between the blocks. The block effect
was large for basic density and ring width and moderate
for basic density level and for volume and dry matter
yield.

The trees were sampled according to their social
position (small medium large) within the stand. This
sampling is not ideal for analysing variations in growth
rate (annual ring width).
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Poiand

-e--175
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Ring Width, mm

Ring Width, mm

Ring Width. mm

Figure 4. Estimated relationship between basic density level and annual ring widthy, by zones and provenances.
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Table 3. Repeated measures analysis of variance of basic density and annual ring width,

a, Basic density (kgm™) b, Annual ring width (mm)

Source

df MS F-value df MS F-value
Zone 2 23890 5.1 5% 2 11.26 8.30%**
Block 7 15252 3.29%* 7 10.29 7.59%%*
Tree Size Class 2 200954 43 3%x% 2 333.34 245 *+%
Provenance (Zone) 13 3930 0.85M 13 2.11 1.56M8
Error 304 4641 306 1.36

Table 4. Basic density level, analysis of variance of intercept a, and parameter, b.

a, parameter a, intercept b, parameter b

Source

df MS F-value df MS F-value
Zone 2 134 0.04™ 2 30030 0.33M
Tree Size Class 2 2209 0.58 2 10585 0.12M
Block 7 9325 2.46* 7 191787 2.09*
Provenance (Zone) 13 10218 2.70%% 13 252142 2.75%*
Provenance (Zone)*Size 30 5362 1.42° 30 116436 1.27°8
Provenance 105 5282 1.39* 105 140297 1.53%*
(Zone)*Block 219 3786 219 91732
Error

Table 5. Analysis of variance of stem volume and stem dry matter.

a, Stem volume (m*) b, Stem dry matter (kg)
Source af
MS F-value MS F-value
Zone 2 1609.30 2.56%* 163.67 4.76*
Block 7 642.85 2.22% 81.35 2.37%
Provenance (Zone) 13 366.86 1.27 42.35 1.23™8
Error 105 289.67 34.37
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Figure 5. Stem volume production by provenance. Figure 6. Production of dry matter by provenance
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The main findings that zones influence the basic
density and volume growth but that effects of prove-
nances within zones are harder to detect (Table 2).
agrees well with previous findings for Norway spruce
in Sweden (PERSSON & PERSSON 1997) and Quebec,
Canada (BLOUIN ef al, 1994). In a trial in Norway
comprising two sites, provenance was significantly
influencing basic density on one site but not on the
other (HYLEN, 1996). Significant differences between
the density of provenances has been found by BUJOLD
et al. (1996) and NEPVEU (1984). Most researchers
seems to agree that the variation between genotypes is
far greater than differences between provenances (e.g.
BLOUIN er al, 1994 and NEPVEU 1984). The high
standard errors in Figure I might support this conclu-
sion.

In general, Swedish provenances had high density
but low volume and dry matter production, the western
continental and the Polish had low density and high
volume and dry matter yield. The variation between
provenances within each zone varied more particularly
regarding density. For basic density level, generalisa-
tions about the zonal variation is more difficult to make
as the density level varied widely within the geograph-
ical zones.

For southern Sweden, north-eastern continental
provenance are recommended and plus-tree selections
are also made within those provenances. In the present

study, the provenances Po 46, Po 77 and Po 78 are of

north-eastern continental origin. The two latter are have
the highest volume yield of all provenances and among
the highest basic densities. Thus, there seems to be no
obvious risk for deteriorating basic density by selecting
such origins instead of local ones. The same conclusion
was stated by PERSSON & PERSSON (1997). There may
be phenological explanations to this apparently
correlation-breaking behaviour, linked to the late bud
flushing of eastern-continental origins. However, there
are very contradictory results concerning the relation-
ship between flushing and basic density.

Another interesting aspect concerning the eastern
continental origins is that they tend to have less varia-
tion in basic density between juvenile and mature wood
than other zones (Figure 3).

The Polish provenance Po 1 from Istebna has a
lower volume production compared with the other
Polish provenances. In the whole series this provenance
has lower mean height and higher frequency of fost
damage and spike knots than other eastern continental
provenances (WERNER & KARLSSON 1992). Also in
Ostad the Istebna provenance was the most injured and
also had the lowest height 12 years after planting . In
contrast, the provenances from north-eastern Poland
were the least frost injured and had the fastest seedling
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height growth. In an older provenance series the Istebna
provenance performed well at less frost prone site close
to Stockholm (lat. 59°) but was not hardy enough at lat.
64° (KRUTZSCH 1975b). The Istebna provenance is one
of the most southerly ones in the trials and compared to
Po 79 from Zakopane and Ty 109 it originates from
lower altitude. Provenances from southern Poland are
not recommended for the area where Ostad is situated.

This study goes up to the 21st annual ring from the
pith and hence concerns mainly juvenile wood. Rank-
ings and general comparative results should however be
valid as there is a correlation between juvenile and
mature wood for Norway spruce (e.g. BLOUIN et al.
1994 and ROZENBERG & CAHALAN 1997). The variation
between trees in mature wood can however be expected
to be somewhat greater (ZOBEL & VAN BUITENEN
1989).

In contrast to basic density and annual ring width
there was significant variation between provenance
within zone on the intercept basic density level whereas
no variation between zones was significant. The inter-
cept a in the basic density level equation can be re-
garded as the density of an indefinitely wide annual
ring. It may be interpreted as minimum density or
earlywood basic density (OLESEN 1976). Provenances
with high basic density level may therefore have more
homogeneous density than provenances with lower
values of a, Moreover, a seed source with lower value
of b may be less sensitive to higher growth rates as far
as density is concerned. For selection purposes it may
be worth checking the basic density level ranking of the
different provenances in conjunction with selection for
e.g. volume production, particularly for sites were high
growth rates are expected.

ACKNOWLEDGEMENTS

We thank UIf Karlmats, Dalarna University for collection and
preparation of data and the two referees for their work and the
suggestions for improvement of the manuscript.

REFERENCES

ANONYMOUS 1996: SAS/STAT software: Changes and
enhancements through release 6.11. SAS Institute, Cary,
NC.,Cary, North Carolina. 1104 pp. ISBN 1-55544-473-3

BIORKLUND, L. 1984: Pulpwood basic density and its depend-
ence on different factors. Swedish University of Agricul-
tural Sciences, Department of Forest Products, Report
155: 1-27.

BLoOUIN D., BEAULIEU 1., DAOUST G., & POLIQUIN J. 1994:
Wood quality of Norway spruce grown in plantations in
Quebec. Wood and Fibre Science 26: 342-353.

BROLIN A. & NOREN A. 1993: The fibre morphology of
juvenile Norway spruce (Picea abies (L.) Karst) depen-

109



C. LUNDGREN & B. PERSSON: VARIATION IN STEM WOOD BASIC DENSITY AND DRY MATTER FOR PICEA ABIES

dence on site and tree dimensions. Paper presented at 1993

Pulping Conference held at Atlanta

BUJOLDS.J.,SIMPSONJ. D., BEUKEVELDJ. H. J. & SCHNEIDER
M. H. 1996: Relative density and growth of eleven Nor-
way spruce provenances in central New Brunswick.
Northern Jowrnal of Applied Forestry 13: 124-128.

CoCHRAN, W. G, & CoX, G. M. 1957: Experimental Designs,
2" edition. Wiley Publ, New York. 611 pp.

DANBORG, F. 1994: Density variations and demarcation of the
juvenile wood in Norway spruce. Lyngby, Denmark.
Report 10: 1-74.

ErLuiot, G K. 1970: Wood density in conifers. Common-
wealth Agricultural Bureaux, Oxford, England. Report 8:
1-44.

ERICSON, B, 1968: Granproveniens och volymvikt. Mellan-
och osteuropeiska provenienser i svenskt skogsbruk.
Conference proceeding. Kungliga Skogsstyrelsen, Stock-
holm.

FOTTLAND, H. & Skr@ppaA, T. 1989: The IUFRO 1964/68
provenance experiment with Norway spruce in Norway.
Variation in mortality and height growth. Report 43.1.
1-30.

HAKKILA, P. 1966: Investigations on the basic density of
Finnish pine, spruce and birch wood. Comm. Inst. For.
Fenn. 61: 1-98.

HYLEN, G 1996: Variation in basic density and its relation-
ship to diameter and pilodyn penetration in provenances
of Norway spruce {Picea abies). Meddelelser fra Skog-
forsk. Report 47: 1-22.

HYLEN, G. 1997: Genetic variation of wood density and its
relationship with wood traits in young Norway spruce.
Silvae Genetica 46: 55-60.

JOHANSSON, K. 1993: Influence of initial spacing and tree
class on the basic density of Picea abies. Scandinavian
Journal of Forest Research 8: 18-27.

KruTzSCH, P. 1975a: Die Pflanzenergebnisse eines
inventierenden Fichtenerkunds-Versuches (Picea abies
Karst. und Picea obovata Ledeb.). Royal College of
Forestry, Department of Forest Genetics. Research Notes
14, 64 pp.

KRUTZSCH, P. 1975b: Zwei Herkunftsversuche mit Fichte in
Schweden (IUFRO 1938). Royal College of Forestry,
Department of Forest Genetics. Research Notes 16: 93 pp.

LARSEN, A. B., WELLENDORF, H. & ROULUND, H. C. 1997.
Realized correlated responses at late stage from upward,
downward, and stabilized selection at nursery stage in
Picea abies (L..) Karst, Forest Genetics 4. 189-199,

MADSEN, T. L., MOLTESEN, P., & OLESEN, P. O. 1978: The
influence of thinning on basic density, production of dry
matter, branch thickness and number of branches of
Norway spruce. Det Forstlige Forsggsvaasen 1 Danmark.
Report 36(2), 181-204.

MOLTESEN, P, MADSEN, T. L., & OLESEN, P. O. 1985: The
influence of spacing on the production of dry matter and
wood quality of Norway spruce. Der Forstlige Forsggs-
veeasen [ Danmark. Report 40: 53-76

NEPVEU G. 1984: Genetic variability in wood quality of
Norway spruce and Douglas fir. Revue Forestiere
Francaise 36: 303-312.

NOREN, A. 1996: Wood and pulp characteristics of juvenile
Picea abies (L.) Karst. grown on agricultural and forest

110

land. Dissertation. Swedish University of Agricultural
Sciences, Department of Forest Yield Research, Report
40: 29 pp. ISSN 0348-7636.

NASLUND, M. 1947: Functions and tables for computing the
cubic volume of standing trees, pine, spruce and birch in
Southern Sweden and in the whole of Sweden. Forest
Research Institute of Sweden, Report 36:3. 1-81.

OLESEN, P. O. 1971: The water displacement method. A fast
and accurate method of determining the green volume of
wood samples. Forest Tree Improvement 3, 23 pp.
Arboretet Hgrsholm, Denmark, ISSN 0105-4120.

OLESEN, P. O. 1976; The interrelation between ring width and
basic density of Norway spruce. Det Forstlige
Forsgksvasen i Danmark, Report 34. 340-359.

PaPE , R. 1999: Effects of thinning regime on the wood
properties and stem quality of Picea abies. Scandinavian
Journal of Forest Research 14: 38-50.

PERSSON, A. & PERSSON, B, 1992: Survival, growth and
quality of Norway spruce (Picea abies (L.) Karst) prove-
nances at the three Swedish sites of the [UFRO 1964/68
provenance experiment. Swedish University of Agricul-
tural Sciences, Department of Forest Yield Research,
Report 29: 1-67.

PERSSON, B. & PERSSON, A. 1997: Variation in stem proper-
ties in a [TUFRO 1964/1968 Picea abies provenance
experiment in Southern Sweden. Silvae Genetica 46:
94-101.

PRESCHER, F. 1982: Growth rhythm and growth ability in
Norway spruce provenances. Swedish University of
Agricultural Sciences, Department of Forest Yield Re-
search, Report 10: 58 pp. (In Swedish with English
summary.)

ROZENBERG, P. & CAHALAN, C. 1997: Spruce and wood
quality: genetic aspects (a review). Silvae Genetica 46:
270-279.

ROZENBERG, P., FRANC, A. & CAHALAN, C. 2001: Incorporat-
ing wood density in breeding programs for softwoods in
Europé: a strategy and associated methods. Silvae Geneti-
ca 50: 1-7.

SABOR, J. 1989: The age x age of spring flushing correlation
and the sleection of resistant to frost Norway spruce
provenances of ITPNS-IUFRO 1964/68 experiment in
Krynica. The Institute of Forest Improvement, Uppsala,
Sweden. Report 11. 142-152.

SARANPAA, P. 1983: Basic density, longitudinal shrinkage and
tracheid length of juvenile wood of Picea abies (L.) Karst.
Scandinavian Journal of Forest Research 9: 68-74.

WELLENDORF, H., WERNER, M., & ROULUND, H. 1986:
Delineation of breeding zones and efficiency of late and
early selection within and between zones. Forest Tree
Improvement, Arboretet Horsholm. Report 19: 1-53.

WERNER, M. & KARLSSON, B. 1982: Resultat fran 1969 ars
granproveniensserie i syd-och mellansverige. Féreningen
Skogstradsforadling, Institutet for skogsforbittring.
Arsbok 1982: 90-158.

WORRALL, J. 1975: Provenance and clonal variation in phe-
nology and wood properties of Norway Spruce. Silvae
Genetica 24: 2-5.,

ZOBEL, B. J. & VAN BUIUTENEN, J. P. 1989: Wood Variation:
its Causes and Control. Springer-Verlag, Berlin-Heidel-
berg. 363 pp. ISBN 3-540-50298-X.



