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Table 9 Correlation coefficients between tracheid morphologies, density and
growth components (standard errors in brackets).

Variables LBI DBI LBF DBF
LBI
DBI 46 (0.03)
LBF 91(0.01) .50(0.03)
DBF 67(0.02) 66(002) .76(0.02)
RD 38(0.03) .18(0.03) 34(0.03) 30(0.03)
EWD -28(003) -13(0.03) -32(0.03) -26(0.03)
LWD 42(003) 26(003) 44(0.03) 37(0.03)
RW -70(002) -26(0.03) -68(0.02) -48(0.03)
EWWwW -70(0.02) -27(0.03) -68(0.02) -50(0.03)
LWW -43(003) -10(0.03) -39(0.03) -21(0.03)
LBI: earlywood tracheid length; LBF: latewood tracheid length; DBI: earlywood tracheid
width; DBF: latewood tracheid width; RD: ning density; EWD: earlywood density; LWD:
latewood density; RW: ning width; EWW: earlywood width; LWW: latewood width;
LWP: latewood proportion.

3.5  Genetic correlations between wood properties

In general, the genetic correlations were stronger than phenotypic correlations
(Table 10). The wood density components were strongly correlated with the
overall rning density and were weakly interrelated among themselves. Sinular
results were found for Pinus pinaster (Gaspar ef al., 2008) and Picea abies
(Hylen, 1997). Unfortunately, due to the small sample size, genetic correlations
between density components and growth components were not available
Juvenile wood. However, in mature wood, the growth components criteria were
negatively correlated with the density components, except for LWP, which was
positively correlated with RD. Phenotypic and genetic correlations were close, as
it has been shown that phenotypic correlations are often assumed to reflect genetic
correlations (Louzada, 2003).





















145

mterrelationships for selected wood anatomical and physical properties of
Thuja occidentalis L. Forests, 10(4), 339.

Bowyer JL, Shmulsky R, Haygreen JG (2007). Forest products and wood science:
an introduction, 5th edn. Blackwell Publishing, Ames

Caceres, C. B, Hemandez, R. E_, Fortin, Y_, & Beaudomn, M. (2017). Wood
density and exfractive content vanation among Japanese larch (Larix
kaempferi [lamb.] carr) progemes/provenances frials in eastern Canada
Wood and Fiber Science, 49(4), 363—372.

Cai, S, Guo, Y., & L1, Y. (2022). Intratree vanation in viscoelastic properties of
cell walls of Masson pine (Pinus massoniana lamb). Journal of Renewable
Materials, 10(1), 119-133.

Case, R. A, & MacDonald, G. M. (2003). Dendrochronological analysis of the
response of tamarack (Larix laricina) to climate and larch sawfly
(Pristiphora erichsonii) mfestations in central Saskatchewan Ecoscience,
10(3), 380-388.

Chen, Z. Q., Gil, M. R. G, Karlsson, B, Lundqvist, S. O, Olsson, L., & Wu, H.
X. (2014). Inhentance of growth and solid wood quality traits in a large
Norway spruce population tested at two locations in southern Sweden. Tree
Genetics and Genomes, 10(5), 1291-1303.

Dahlen, J., Nabavi, M., Auty, D., Schimleck, L., & Eberhardt, T. L. (2021).
Models for predicting the within-tree and regional vanation of tracheid
length and width for plantation loblolly pine. Forestry, 94(1), 127-140.

Diaz-Vaz, J. E_, Echols, R, & Kmgge, W. (1975). Comparative mnvestigation of
the vanation of tracheid dimensions and X-ray densitogrammes within the
annual rings of two softwoods. Forstwissenschaftliches Cent, 94, 161-17.

Donnelly, L., Lundqvist, S. O, & OReilly, C. (2017). Inter-and intra-annual
wood property vanation in juvenile wood between six Sitka spruce clones.
Silva Fenmica, 51(4).

Duncan, D. P. (1954). A study of some of the factors affecting the natural
regeneration of tamarack (Larix laricina) in Minnesota. Ecology, 35(4), 498-
521.



150

Flinner, N. L. (2014). A dendrochronological analysis of mnsect outbreaks and
climate effects on tamarack from Indiana and Michigan August, 57.

Franklin, G. (1945). Age of the baker’s hole Coombe rock, nature, 1(3924), 3924.

Fukatsu, E_, & Nakada, R. (2018). The timing of latewood formation determines
the genetic vaniation of wood density in Larix kaempferi. Trees-Structure and
Function, 32(5), 1233-1245.

Gaspar, M. J, Louzada, J. L., Aguiar, A, & Almeida, M. H. (2008). Genetic
correlations between wood quality traits of Pinus pinaster Ait. Annals of
Forest Science, 65, 1.

Gerendiamn, A Z, Peltola, H, Pulkkinen, P, Jaatinen, R, Pappmen, A 6 &
Kelloma, S. (2007). Differences in growth and wood property traits in cloned
Norway spruce (Picea abies). 2611, 2600-2611.

Gogot, B. R, Sharma, M., & Sharma, C. L. (2019). Tracheid length vanation in
Pinus kesiya Royle Ex Gord. as affected by age, distance from pith, growth
rate and ring width. Journal of Tree Sciences, 37(2), 55.

Gray, L., & He, F. (2009). Forest ecology and management spatial point-pattern
analysis for detecting density-dependent competition 1 a boreal
chronosequence of Alberta. 259, 98-106.

Gregory, R. A (1968). Seasonal pattern of secondary growth in stems of northern
white spruce (Picea glauca (Moench) Voss). June.

Gryc, V., Vavréik, H, & Hom, K. (2011). Density of juvenile and mature wood
of selected coniferous species. Journal of Forest Science, 57(3), 123—-130.
Guller, B, Isik, K., & Cetinay, S. (2012). Vanations i the radial growth and
wood density components in relation to cambial age mn 30-year-old Pinus
brutia Ten. at two test sites. Trees - Structure and Function, 26(3), 975-986.

Hassegawa, M., Savard, M., Lenz, P. R. N_, Duchateau, E., Gélinas, N_, Bousquet,
J, & Achim, A (2020). White spruce wood quality for lumber products:
Priority traits and therr enhancement through tree improvement Forestry,
93(1), 16-37.

Heyjari, J., Nerg, A. M., Holopainen, J. K., & Kamnulamen, P. (2010). Wood borer
performance and wood characteristics of drought-stressed Scots pine



151

seedlings. Entomologia Experimentalis et Applicata, 137(2), 105-110.

Herman, M., Dutilleul, P, & Avella-Shaw, T. (1998). Growth rate effects on
temporal trajectories of ring width, wood density, and mean tracheid length
m Norway spruce (Picea abies (1) karst.). Wood and Fiber Science, 30(1),
6-17.

Hylen, G. (1997). Genetic vanation of wood density and its relationship with
growth traits in young Norway spruce. Silvae Genetica, 46(1), 55-60.

Jaakkola, T., Mikinen, H, & Saranpdia, P. (2005). Wood density in Norway
spruce: Changes with thinmng intensity and tree age. Canadian Journal of
Forest Research, 35(7), 1767-1778.

Jyske, T., Makinen, H., & Saranpad, P. (2008). Wood density within Norway
spruce stems. Silva Fennica, 42(3), 439—455.

Kamala, F., & Missanjo, E. (2017). Radial and among-fanuly vanations of
tracheid length and the relationships with bending properties in Pinus patula.
4(11), 9-13.

Karlman L., Morling, T., & Martinsson, O. (2005). Wood density, annual ring
width and latewood content mn larch and Scots pmne. Eurasian Joumnal of
Forest Research, 8(2), 91-96.

Kharrat, W_, Koubaa, A | Khlif M, & Bradai, C. (2019). Infra-ning wood density
and dynamic modulus of elasticity profiles for black spruce and jack pine
from X-ray densitometry and ultrasomic wave velocity measurement. Forests,
10(7), 569.

Kim, J. W_, Harper, D. P, & Taylor, A. M. (2009). Effect of extractives on water
sorption and durability of wood-plastic composites. Wood and Fiber Science,
41(3), 279-290.

Koga, S., & Zhang, S_ Y. (2002). Relationships between wood density and annual
growth rate components mn balsam fir (4bies balsamea) Shinya Koga. Wood
and Fiber Science, 146-157.

Koga, S., & Zhang, S. Y. (2004). Inter-tree and intra-tree vanations in ning width
and wood density components in balsam fir [4bies balsamea]. Wood Science
and Technology, 38(2), 149-162.



152

Koubaa, A, Isabel, N, Zhang S. Y., Beaulieu, J, & Bousquet, J. (2005).
Transition from juvenile to mature wood in black spruce (Picea mariana
(Mill ) BSP). Wood and Fiber Science, 37(3), 445-455.

Koubaa, A, Tony Zhang, S. Y., & Makm, S._ (2002). Defiming the transition from
earlywood to latewood m black spruce based on intra-ring wood density
profiles from X-ray densitometry. Annals of Forest Science, 59(5-6), 511—
518.

Koubaa, A, Zhangi, S. Y, Isabel, N, Beaulieu, J, & Bousquet, J. (2000).
Phenotypic correlations between juvenile-mature wood density and growth in
black spruce. Wood and Fiber Science, 32(1), 61-71.

Lamara, M., Raherison, E., Lenz, P., Beaulieu, J., Bousquet, J., & Mackay, I.
(2016). Genetic architecture of wood properties based on association analysis
and co-expression networks in white spruce. New Phytologist, 210(1), 240—
255.

Larson, P. (1969). Wood formation and the concept of wood quality. Yale
Umiversity School of Forestry Bulletin, Bulletin No. 74, 1-54.

Lasserre, J. P, Mason, E. G, Waft, M. S_, & Moore, J. R. (2009). Influence of
mifial planting spacing and genotype on microfibnl angle, wood density,
fibre properties and modulus of elasticity mn Pinus radiata D. Don corewood.
Forest Ecology and Management, 258(9), 1924-1931.

Lenz, P, Cloutier, A., MacKay, J., & Beaulieu, J. (2010). Genetic control of wood
properties i Picea glauca - An analysis of trends with cambial age.
Canadian Journal of Forest Research, 40(4), 703-715.

Louzada, J. L. P. C. (2003). Ongnal article Genetic correlations between wood
density components m Pinus pinaster Ait. 60, 285294,

Makmen, H., & Hynynen, J. (2014). Wood density and tracheid properties of
Scots pine: Responses to repeated fertilization and timing of the first
commercial thinming. Forestry, 87(3), 437447,

Mikmen, H | Jyske, T_, & Saranpia, P. (2008). Vanation of tracheid length within
annual rings of Scots pine and Norway spruce. Holzforschung, 62(1), 123—
128.



153

Mickaél, H, Michaél, A Fabrice, B, Pierre, M., & Thibaud, D. (2007). Soil
detritivore macro-invertebrate assemblages throughout a managed beech
rotation. Annals of Forest Science, 64, 219-228.

Missanjo, E., & Matsumura, J. (2016). Radial varation m tracheid length and
growth nng width of Pinus kesiya Royle ex Gordon in Malawi. International
Journal of Research in Agriculture and Forestry, 3(1), 13.

Mitchell, M. D, & Denne, M. P. (1997). Varnation i density of Picea sitchensis
m relation to within-tree trends in tracheid diameter and wall thickness.
70(1), 47-60.

Miiller, U, & Mahn, L. (2010). Tracheid length in Norway spruce (Picea abies(l
) karst) analysis of three databases regarding free age, cambial age, tree
height, inter-annual vanation, radial distance to pith and log qualities. 55(4),
1-14.

Mvolo, C. S_, Koubaa, A Beaulieu, J_ Cloutier, A, Defo, M_, & Yemele, M. C.
(2019). Phenotypic correlations among growth and selected wood properties
m whute spruce (Picea glauca (Moench) Voss). Forests, 10(7), 1-17.

Mvolo, C. S_, Koubaa, A_, Beaulieu, J_, Cloutier, A , & Mazerolle, M. J. (2015).
Vanation mn wood quality in white spruce (Picea glauca (Moench) Voss).
Part I. defining the juvenile-mature wood transition based on tracheid length.
Forests, 6(1), 183-202.

Park, Y. S, Koubaa, A  Brais, S & Mazerolle, M. J. (2009). Effects of cambial
age and stem height on wood density and growth of jack pme grown in
boreal stands. Wood and Fiber Science, 346—358.

Pamerleau-Couture, E., Rossi, S., Pothier, D, & Krause, C. (2019). Wood
properties of black spruce (Picea mariana (Mill)) BSP) in relation to ning
width and tree height in even- and uneven-aged boreal stands. Annals of
Forest Science, 76(2), 1-13.

Pekka, H, Reetta, L. Juha, L. Juha, L, & Tuula, P. (2020). Joining up
optinusation of wood supply chains with forest management: A case study of
North Karelia in Finland. Forestry, 93(1), 163—177.

Perron, M, DeBlois, J., & Desponts, M. (2013). Use of resampling to assess



154

optimal subgroup composition for estimating genetic parameters from
progeny tnials. Tree Genetics and Genomes, 9(1), 129-143.

Powell, J. S_, & Raffa, K. F. (1999). Sources of vanation in concentration and
composition of foliar monoterpenes in tamarack (Larix laricinag) seedlings:
roles of nutrient availability, time of season, and plant architecture. 25(8),
1771-1797.

R Development Core Team 2022 R: a language and environment for statistical
computing. Vienna, Austria: R Foundation for statistical computing. [WWW
document] URL http://www r-project.org/.

Rathgeber, C. B. K, Decoux, V., & Leban, J. M. (2006). Linking intra-tree-ring
wood density variations and tracheid anatomucal characteristics i Douglas
fir (Pseudotsuga menziesii (Mirb.) Franco). Annals of Forest Science, 63(7),
699-706.

Sadegh, A N, Kiaei, M, & Branch, C. (2011). Formation of Juvenile/Mature
Wood 1n Pinus eldarica medw and Related Wood Properties Formation of
Juvemile/Mature Wood in Pinus eldarica medw and Related Wood
Properties. World Appl. Sci. J, 12, 460-464.

So, C. L., Eberhardt, L., T., & Leduc, D. J. (2018). Within-tree variability in wood
quality parameters for mature long leaf pme In In: Kirschman Julia E |
comp. Proceedings of the 19th bienmal southern silvicultural research
conference; 2017 March 14-16; Blacksburg, VA. e-General Technical Report
SES-23.436442.

Society, E. (2021). A study of some of the factors affecting the natural
regeneration of Tamarack (Larix Laricina) in Minnesota Author (s): Donald
P . Duncan Published by: Wiley on behalf of the Ecological Society of
America Stable URL : https://www _jstor.org/stable/193_ 35(4), 498—521.

Sousa, V_, Silva, M. E, Louzada, J. L., & Pereira, H. (2021). Wood density and
ring width i Quercus rotundifolia trees m southern Portugal Forests,
12(11), 1499.

Spicer, R, & Gartner, B. L. (2001). The effects of cambial age and position
within the stem on specific conductivity in Douglas-fir (Pseudotsuga



155

menziesii) sapwood. Trees - Structure and Function, 15(4), 222229

Ukrainetz, N. K., Kang, K., Aitken, S. N, Stoehr, M., & Mansfield, S. D. (2008).
Herntability and phenotypic and genetic correlations of coastal Douglas-fir
(Pseudotsuga menziesii) wood quality traits. 1546, 1536-1546.

Vannoppen, A, Kint, V_, Ponette, Q., Verheyen, K., & Muys, B. (2019). Tree
species diversity impacts average radial growth of beech and oak trees n
Belgium, not their long-term growth trend. Forest Ecosystems, 6(1), 1-12.

Vega, M., Harnison, P, Hamulton, M., Musk, R, Adams, P, & Potts, B. (2021).
Modelling wood property varnation among Tasmanian Eucalyptus mtens
plantations. Forest Ecology and Management, 491(December 2020), 119203.

Yang, K. C., & Hazenberg, G. (1987). Geographical vanation in wood properties
of Larix laricina juvenile wood in northern Ontario. Revue Canadienne de
Recherche Forestiere, 17, n, 648-653.

Yoshizawa, N_, Kiyomuya, M., & Ide1, T. (1987). Vanations in tracheid length and
morphological changes in tracheid tips associated with the development of
compression wood. Wood Science and Technology, 21(1), 1-10.

Zamudio, F., Rozenberg, P Baettig, R, Vergara, A, Yafiez, M, & Gantz, C.
(2005). Genetic vanation of wood density components mm a radiata pine
progeny test located in the south of Chile. Ann_ For. Sc1, 62, 105-114.

Zhang. (1998). Effect of age on the vanation, correlations and mheritance of
selected wood charactenistics in black spruce (Picea mariana). Wood
Science and Technology, 32(3), 197-204.

Zhang, S. Y., Chauret, G., Swift, D. E. & Duchesne, I (2006). Effects of
precommercial thinning on tree growth and lumber quality in a jack pine
stand in New Brunswick, Canada. Canadian Journal of Forest Research,
36(4), 945-952.



