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Abstract: The result of the tests was determination of the width of the juvenile wood zone in trees of various
coniferous species, originating from even-aged stand and from the same biosocial class. The boundary between
juvenile wood and mature wood was determined based on the measurements of the tracheid length variability.
Thirty measurements of the length of earlywood and latewood tracheids were carried out for each tested ring. For
all tested wood species the tracheids of earlywood were shorter, compared to latewood tracheids. The zone of
juvenile wood was determined based on a two-segment linear regression. In all tested species this zone was
formed within a similar period and encompassed the first 25 to 28 annual rings.
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INTRODUCTION

On the cross-section of trees one may distinguish juvenile wood and mature wood.
Juvenile wood is present not only in fast-growing trees, as initially suggested (Paul 1960). Its
production depends on the age of a tree, therefore it is present in every tree (Rendle 1960). In
even-aged stand, the juvenile wood zone is the widest in dominant trees, and the narrowest in
suppressed trees. The width of the juvenile wood zone is affected by, inter alia, habitat or
climate conditions (Yang et al. 1986; Zhu et al. 2000; Fabisiak 2005; Koubaa et al. 2005).
Research on many species indicates genetic determination of the length of the juvenile wood creation
period (Szymanski, Tauer 1991; Gapare et al. 2006).

In the case of coniferous species, juvenile wood is characterised by, inter alia, a higher
content of lignin and lower content of cellulose, compared to mature wood (Gierlinger,
Wimmer 2004), less steep course of cellulose microfibrils in relation to the cell longitudinal
axis, shorter cells, lower density, and worse mechanical properties. On the other hand,
longitudinal deformations of this wood, are several times greater and transverse deformations
by half smaller than in the case of mature wood (Clark et al. 2006; Ivkovic¢ et al. 2009). The
above-mentioned differences between the properties of juvenile wood and mature wood are
the reason for heterogeneity of raw wood material. Therefore, determination of the share and
width of the juvenile wood zone within trees or saw logs is important from the cognitive and
practical perspective, due to its effect on the wood quality and the value of wood products.

The boundary between juvenile wood and mature wood can be determined based on
various wood properties, i.e. cell length, the gradient of microfibrils in layer S2 of the
secondary cell wall, wood density, the share of latewood (Sauter et al. 1999; Koubaa et al.
2005; Fabisiak et al. 2006; Gapare et al. 2006; Mansfield et al. 2009). The width of the
juvenile wood zone, determined based on various properties, may vary. Many authors say,
that these differences are connected with the interaction between the genetic and
environmental factors participating in the process of juvenile tissue creation (Clark et al.
2006; Gapare et al. 2006). Literature reports suggest, that cell length is most often used to
determine the demarcation line between these zones (Fabisiak, Molinski 2002a; Mansfield et
al. 2009).
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The above-mentioned properties change rapidly in juvenile wood, to stabilise at a
specific level or fluctuate insignificantly in the mature wood zone (Zobel, Spraque 1998;
Fabisiak 2005].

The aim of this study was to determine the width of the juvenile wood zone in trees of
various coniferous species, originating from even-aged stand and from the same biosocial
class, thus growing in the same climate and habitat conditions.

MATERIALS

The material for testing was Norway spruce (Picea abies L.), Scots pine (Pinus
sylvestris L.) and European larch (Larix decidua Mill.). Tests were carried out on wood from
dominant trees at the age of 104-106 years, originating from a stand growing in the habitat of
mixed spruce forest. The stand was located in forest division of Lopuchéwko, commune of
Murowana Goslina. Approximately 5 cm thick test discs were cut out at the diameter breast
high, and then approx. 4 cm wide slats were cut out from the discs along the north-south
radius. The tests were conducted on the north parts of the slats. The tests were conducted on
macerated material from annual rings 3, 6, 9, 12, 15, 20, 25, 30, 40, and further from every
10" ring up to the sample’s circumference. Maceration was carried out for 48 hours using a
mixture of ice-cold acetic acid and 30% peroxide (1:1) at a temperature of 60°C. Radial
gradient of the tracheid length was used to determine the juvenile period. The measurements
were carried out using a imaging analyser composed of a microscope fitted with a CCD
camera and hooked up to a computer, using the Micro Scan Plus imaging processing system.
Thirty measurements of the length of earlywood tracheids and latewood tracheids were taken
from each tested annual ring.

RESULTS

The lengths of earlywood and latewood tracheids from the studied annual rings of
tested species are presented in fig. 1. Each point of the diagram is an average from 30
measurements. Statistical analysis of the obtained results proved, that the variability
coefficients of the studied property were similar, and their average for individual species was
9% for larch, 10% for spruce, and 17% for pine. Numerical values of these coefficients were
within the ranges of variability coefficients published for the length of prosenchymatic
elements of coniferous species (Panshin de Zeeuw 1980).

In the case of all studied trees, the length of earlywood tracheids and latewood
tracheids grew until a certain cambial age of annual rings, in accordance with the law of Sanio
(1872). With further growth of the trees, said dimension stabilises at a certain level and
demonstrated insignificant fluctuations to the trunk’s circumference. In each of the species,
tracheids created in the first part of the vegetative period were shorter than the tracheids
created in summer, irrespective of the location of the annual ring on the trunk’s cross-section.
These differences all along the tree radius were the smallest for spruce and pine wood, for
they were approx. 11% and 12%, respectively, and the greatest in the case of larch wood,
where they reached 16%.

The greatest growth dynamics of the tracheid length was observed for spruce wood,
where doubling of this dimension was observed already for the 15™ annual ring. Within this
zone, pine wood was characterised by the shortest tracheids (2260 um), while in the case of
spruce the tracheids were approx. 16% longer, and for larch they were approx. 32% longer,
compared to pine. The width of juvenile zone was determined based on the variability of
average tracheid length within the analysed annual rings. In order to do so, so-called two-
segment linear regression was carried out (Abdel-Gadir, Krahmer 1993). The parameters of
the regression equations for the juvenile wood zone and the mature wood zone of the analysed
species are presented in table 1. The boundary between juvenile wood and mature wood is
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determined by the abscissa of the point of junction of both regression equations for a given
species. The demarcation lines between these zones were located within the area from the 25"
to the 28" annual ring (they are marked with a bold line in fig. 1). In connection with the
above, it may be assumed that, for the analysed species, the period of juvenile wood creation
is practically the same. The average tracheid length in these years of tree growth was the
smallest in the case of pine wood and equalled 2350 pm. In the case of spruce wood, tracheids
were 2760 um long on average, within a comparable zone of the trunk cross-section, and in
the case of larch wood they were the longest with a length slightly exceeding 3100 pum.
Comparing the dynamics of the length growth of the analysed cells in juvenile wood, it was
observed that in the case of pine and larch the increase of this dimension was 80%, while in
the case of spruce it was 130%. On the other hand, in the case of the mature wood zone,
spruce was characterised by the longest cells, whose average length was 4230 um, while the
shortest cells were observed for pine wood and their average length was 3310 um. In the case
of spruce wood further growth of the length of tracheids, especially late ones, was observed in
the last vegetative periods (above the 80" annual ring), while in the case of the other species a
downward trend was noticed. The downward trend in the length of tracheids, and sometimes
also in other properties (e.g. wood density), in old trees was demonstrated for many tree
species (Pearson, Ross 1984; Zobel, Spraque 1998).

Table 1. Parameters of the regression equations (y=ax+b) describing the relationship between the length of
tracheids (y, mm) and cambial age of annual rings (x, year) of juvenile wood (JW) and mature wood
(MW) of larch, pine and spruce trees belonging to dominant classes

Species Cross-sectional | Regression equation parameters R?
zone a b
larch IW 38.2 2692 0.8307
MW -1.24 3796 0.0304
pine IW 56.1 1754 0.9827
MW 0.825 3283 0.0160
spruce JW 59.2 2209 0.9520
MW 15.9 3316 0.8210

The determined width of the juvenile wood zone was similar to that given by Koizumi
(2003), who, based on the variability of the tracheid length in Larix sibirica, determined it to
have encompassed 20 annual rings. Similarly Karlman et al. (2005), in their literature-based
research, assumed that the period of juvenile wood creation for pine (Pinus sylvestris L.) and
several species of larch (Larix sp.) was 20 years. Many research suggests that the better the
biosocial position of a tree in the stand, the longer the period of juvenile wood creation.
Fabisiak (2005) as well as Fabisiak and Molinski (2002a, 2002b) demonstrated, that for 45-
year old dominant trees of Douglas fir and pine the age of transition from juvenile to mature
tissue was 25 years, and for larch 20 years.
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Fig. 1. Average lengths of earlywood and latewood tracheids in: a) larch, b) pine, and c¢) spruce
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CONCLUSIONS

1.

Earlywood tracheids were shorter than latewood tracheids in each analysed annual ring of
the trees of pine, spruce and larch, originating from the dominant tree class. The average
differences in the lengths of these cells within a single annual ring of 100-year old trees
ranged from 11% to 16%.

. The juvenile wood zone was determined based on the variability of the tracheid length

(average for the whole annual rings), using two-segment regression. It was demonstrated,
that the width of this zone for the analysed species was similar and encompassed the first
25 to 28 annual rings.

. Pine wood was characterised by the shortest tracheids in the juvenile wood zone and

mature wood zone, where the average length of tracheids was 2350 um and 3310 pm,
respectively. In the case of mature wood, the longest cells were observed in spruce, where
their average length was approx. 4230 um.

REFERENCES

1. ABDEL-GADIR A.Y., KRAHMER R.L., 1993: Estimating the age of demarcation of
juvenile and mature wood in Douglas-fir. Wood and Fiber Science 25(3); 243-249

2. CLARK A. III, DANIELS R.F., JORDAN L., 2006: Juvenile/mature wood transition
in Loblolly pine as defined by annual ring specific gravity, proportion of latewood,
and microfibril angle. Wood Fiber Sci. 38; 292-299

3. FABISIAK E., MOLINSKI W., 2002a: The density and length of tracheids of Douglas
fir (Pseudotsuga menziesii Franco) in relation to the biosocial position of given tree in
the stand. Folia Forestalia Polonica, Seria B, Drzewnictwo 33; 25-31

4. FABISIAK E., MOLINSKI W., 2002b: Variability of the wood basic density and
length of tracheids in 45-year larch-fir stand (Larix decidua Mill.). Wood structure and
properties *02. Arbora Publishers Zvolen, Slovakia; 25-28

5. FABISIAK E., 2005: Zmienno$¢ podstawowych elementéw anatomicznych i ggstosci
drewna wybranych gatunkéw drzew. Roczniki Akademii Rolniczej w Poznaniu z. 369;
1-176

6. FABISIAK E., MOLINSKI W., CISOWSKI M., 2006: Changes in the MFA at the
tangential walls of tracheids in larch wood (Larix decidua Mill.) versus the cambial
age of annual rings. Wood Structure and Properties 06, Arbora Publishers Zvolen; 39-
42

7. GAPARE W.J., WU H.X., ABARQUEZ A., 2006: Genetic control of the time of
transition from juvenile to mature wood in Pinus radiata D. Don. Ann. For. Sci. 63;
871-878

8. GIERLINGER N., WIMMER R., 2004: Radial distribution of heartwood extractives
and lignin in mature European larch. Wood Fiber Sci. 36; 387-394

9. IVKOVIC M., GAPARE W.J., ABRAQUEZ A, ILIC J., POWELL M.B., WU H.X,,
2009: Prediction of wood stiffness, strength, and shrinkage in juvenile wood of radiate
pine. Wood Science and Technology 43; 237-257

10. KARLMAN L., MORLING T., MARTINSSON O., 2005: Wood density, annual ring
width and latewood content in larch and Scots pine. Eurasian J. For. Res. 8-2: 91-96

11. KOIZUMI A., TAKATA K., YAMASHITA K., NAKADA R., 2003: Anatomical
characteristics and mechanical properties of Larix sibirica grown in south-central
Siberia. IAWA Journal 24 (4); 355-370

12. KOUBAA A., ISABEL N., ZHANG S.Y., BEAULIEU J., BOUSQUET J., 2005:
Transition from juvenile to mature wood in Black spruce (Picea mariana (Mill.)
B.S.P.). Wood Fiber Sci. 37; 445-455

72



13. MANSFIELD S.D., PARISH R., DI LUCCA C.M., GOUDIE J.W., KANG K.Y.,
OTT P., 2009: Revisiting the transition between juvenile and mature wood: a
comparison of fibre length, microfibril angle and relative wood density in lodgepole
pine. Holzforschung 63; 449-456

14. PANSHIN A.J., ZEEUW C., 1980: Textbook of wood technology. Mc Graw-Hill
Book Comp., New York

15. PAUL B.H., 1960: The juvenile core in conifers. Tappi J. 43; 1-2

16. PEARSON R.G., ROSS B.E., 1984: Growth rate and bending properties of selected
loblolly pines. Wood and Fiber Science 16; 37-47

17. RENDLE B.J., 1960: Juvenile and adult wood. J. Inst. Wood Sci. 5; 58-61

18. SANIO K., 1872: Uber die GrOsse der Holzzellen bei der gemeinen Kiefer (Pinus
silvestris). Jahrb. Wiss. Bot. 8: 401-420 Za LARSON P.R., 1994: The vascular
cambium. Development and structure. Springer-Verlag, Berlin

19. SAUTER U., H.,, MUTZ R., MUNRO B.D., 1999: Determining juvenile-mature wood
transition in scots pine using latewood density. Wood Fiber Sci. 31 (4); 416-425

20. SZYMANSKI M. B., TAUER C. G.; 1991: Loblolly pine provenance variation in age
of transition from juvenile to mature wood specific gravity. For. Sci. 37; 160—174

21. ZOBEL B.J., SPRAQUE J.R., 1998: Juvenile wood in forest trees. Springer Verlag,
New York—Berlin

22. ZHU, J.J., NAKANO T., HIRAKAWA Y., 2000: Effects of radial growth rate on
selected indices for juvenile and mature wood of the Japanese larch. Journal of Wood
Science, (46) 6; 417-422

23. YANG, K.C., BENSON C. A., WONG J. K., 1986: Distribution of juvenile wood in
two stems of Larix laricina. Canadian Journal of Forestry 16; 1041-1049

Streszczenie:  Diugos¢ milodocianego okresu przyrostu na grubos¢ drzew wybranych
gatunkow iglastych. W badaniach okre§lono szeroko$¢ strefy drewna mtodocianego w
drzewach réznych gatunkow iglastych (so$nie, $wierku i modrzewiu), pochodzacych z
jednowiekowego drzewostanu, z tej samej klasy biosocjalnej. Granice mi¢dzy drewnem
miodocianym a dojrzaltym wyznaczono na podstawie pomiaréow dhugosci cewek. W kazdym
badanym przyroscie wykonano po 30 pomiaréw dlugosci cewek drewna wczesnego i
péznego. We wszystkich doswiadczalnych gatunkach drewna cewki drewna wczesnego byty
krotsze w poréwnaniu z cewkami drewna péznego. Na podstawie dwusegmentowej regresji
liniowej wyznaczono granicg¢ mi¢dzy drewnem mlodocianym a dojrzatym, ktéora we
wszystkich badanych gatunkach uformowata si¢ w podobnym okresie migdzy 25 a 28
przyrostem rocznym. Poréwnujac dynamike wzrostu dlugosci analizowanych komorek w
drewnie mtodocianym stwierdzono, ze w sosnie i modrzewiu wymiar ten wzrasta o 80%,
natomiast w §wierku az o 130%.
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