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ABSTRACT

Wood density o f  Jack pine (Pirns banksiana Lamb.) family tests initiated by the New Brunswick 
Tree Improvement Council (NBTIC) in 1977 was measured at ages 6 and 10 using the indirect 
method, Pilodyn wood tester. The Pilodyn method was used because of the small tree size at 
those ages, which precluded the use o f more "destructive" method of measuring density such as 
that based on increment boring. This study was undertaken to re-evaluate the wood density at age 
16 using a more precise method, and assess the potential o f using a stress wave technique in 
assessing wood quality. The study was conducted in two phases. Phase 1 compared 
measurements from Pilodyn and stress wave methods against actual wood properties such as 
surface density, mean core density and modulus o f elasticity. It was found that neither of the 
methods was considered to be reliable enough for the trees o f this age for family selection 
purposes. The X-ray densitometry method was therefore adopted in phase 2 for measuring wood 
density and other wood quality traits such as ring width and latewood percentage. In phase 2 
wood core samples were extracted from selected trees. In addition tree growth characteristics 
such as tree height and diameter at breast height were measured. Sampling of test material was : 2 
sites, 4 blocks per site, 40 families per block and 2 trees per family plot per block. The 40 families 
were selected using a stratified sampling approach based on tree growth measurements at age 14. 
Wood quality traits were measured from X-ray densitométrie analysis on core samples.

Positive correlations between wood density and all growth traits were obtained, which indicate 
that selection based on growth traits would not necessarily lead to a reduction in wood density 
This is a significant deviation from earlier results on the same family tests which provided negative 
correlation values between the same traits. The results also showed that wood density o f Jack 
pine was highly dependent on latewood percentage, and that dry mass weight had significant 
correlations with wood density and all growth traits. Of all traits studied, wood density showed 
the highest heritability. This agrees with previous results at age 10. Comparing the rankings of 
families based on Pilodyn results at age 10 and X-ray densitometry results at age 16 showed that 
the Pilodyn method appeared only effective in selecting wood with density at the extreme ends of 
the density range.
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1.0 INTRODUCTION AND BACKGROUND

Tree breeding programs play an important role in maintaining the healthiness o f our forests. When 

proper parameters are considered, tree breeding can ensure that both quantity and quality of 

future wood fibre can be maintained and optimized. During the last three decades, tree breeding 

programs have tried to increase stem volume through genetic selection for height and diameter 

growth (Zobel, Talbert 1984; Yanchuk, Kiss 1993). With the steadily increasing proportion of 

improved and intensively managed plantations, and the move in forest management to short 

rotations, wood and fibre quality has become one o f the major concerns in the forest products 

industry throughout the world (Bendtsen 1978; Kellogg 1989; Vargas-Hemandez, Adams 1991; 

Zhang 1995a). Faced with this concern, tree breeders have realized that wood quantity and quality 

cannot be treated as independent factors and that wood quality improvement should form an 

integral part o f  most breeding programs (van Buijtenen 1982, 1986, Keith, Kellogg 1986; 

Magnussen, Keith 1990). In a recent discussion o f wood quality traits, Zobel and van Buijtenen 

(1989) concluded that wood quality traits should be included in any tree improvement program 

where wood is to be the end product. For evaluation o f wood quality, density (or specific gravity) 

is a commonly used indicator. Wood density is a measure of the amount o f cell wall material in 

wood and is closely correlated not only with most wood mechanical properties (Newlin, Wilson 

1919; Armstrong et al. 1984; Zhang 1994, 1995b), but also with fibre morphology and paper 

properties (Einspahr et al. 1969; Barefoot et al. 1964, 1970; van Buijtenen et al. 1969; Zhang 

1992; Zhang et al. 1992). It is therefore considered to be the most important wood quality 

characteristic (Keith, Kellogg 1986), having a major effect on both yield and quality o f fibrous and 

solid wood products (Zobel, van Buijtenen 1989; Zhang, Zhong 1991).

In the province o f New Brunswick, tree improvement activities are coordinated by the New 

Brunswick Tree Improvement Council (NBTIC). One o f the earliest tree improvement programs 

initiated by NBTIC studied Jack pine (Pinus banksiana Lamb.), a commercially important 

softwood species in eastern Canada. The Jack pine program started in 1977 and adopted a 

seedling seed orchard strategy for first generation improvement (Coles 1979). Seeds were



2

collected from plus trees which were selected based on tree characteristics such as height and 

stem straightness. The first seed orchard roguing was performed based on measurements of 

height, crown form, branch angle and diameter, and stem straightness at age seven (Adams 1988). 

Wood density was added as a quality trait at the second seed orchard roguing at age 10 (Park et 

al 1989). Since the stem diameters were relatively small at that age, extraction of wood samples 

from trees for measurement o f wood density would seriously affect their growth. An indirect 

method o f estimating wood density was therefore adopted using the Pilodyn wood tester 

(Villeneuve 1986).

The Pilodyn wood tester operates by injecting a pin into a wood sample with a fixed amount of 

energy. The output from the device is the pin penetration. Wood density is estimated from a pre- 

established pin penetration versus wood density correlation. In general pin penetration decreases 

with any increase in wood density. A comprehensive review o f test results involving the use of 

Pilodyn device for prediction o f wood density has been reported by Villeneuve (1986). It was 

noted that the coefficients o f determination (R2) ranged from 0.31 to 0.92. When used as a means 

for measuring wood density in standing trees, the correlations have been found to be related to 

species, age and growth rates. Using trees from the NBTIC family tests, Villeneuve (1986) found 

that the R2 value for 6 year old Jack pine was 0.66. In the same study Villeneuve obtained 

significantly lower R2 values for black spruce (Picea mariana (Mill.) B.S .P.) for samples of age 8 

(0.35), 10 (0.07) and 15 (0.03) years respectively. Park et al (1989) tested trees at age 10 from 

the same Jack pine plantation which provided trees for Villeneuve's study. They discovered that 

the R2 value has dropped to 0.58.

It is evidenced from the above discussion that the Pilodyn tester, while providing a fast and simple 

technique o f estimating wood density, has a number of limitations which affect the reliability of 

the density prediction (i.e., the R2 value). Park et al (1989) found that the relatively low 

coefficient o f determination between wood density and pin penetration can lead to an over

estimation o f genetic correlations between growth traits and wood density, which may affect the 

accuracy o f the calculated selection indices. When the Jack pine family tests were initiated, it was

Evaluation o f wood quality in Jack pine family tests_____________________________
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considered important that tree characteristics and wood quality be monitored at regular intervals. 

A re-evaluation of the wood density is now considered timely for two reasons:

1. It has been six years since wood density was last estimated indirectly using the Pilodyn.

2. The trees in the family tests have reached an average diameter at breast height (DBH) of 

around 10cm which means more precise density measurement methods such as those 

based on increment cores can be used.

This study investigated if the use o f the indirect density measurement method such as Pilodyn 

tester seriously affects the accuracy o f the selection o f families in family tests. Also an opportunity 

was provided to study the feasibility o f using a stress wave technique in estimating wood quality 

and to re-evaluate the genetic parameters o f  the Jack pine at age 16. The study was conducted in 

two phases. The objective of Phase 1 is to evaluate the feasibility o f using a sonic stress wave 

tester for measuring wood quality, and provide a comparison of different methods o f  estimating 

wood quality. The results from Phase 1 led to a recommended method for use in Phase 2. The 

objectives o f phase 2 are: 1. To re-evaluate the wood density of the 16 year old Jack pine; 2. To 

assess how the conclusion might change if a more precise method o f density measurement was 

used at an early stage o f roguing process; 3. To estimate the genetic variation and heritabilities of 

wood quality and tree growth traits, and their correlations.

2.0 PHASE 1 - EVALUATION OF WOOD QUALITY MEASUREMENT TECHNIQUES

2.1 Materials and method

Two "rapid" methods o f evaluating wood quality were investigated in this phase: the Pilodyn 

wood tester and stress wave. The stress wave technique measures the velocity o f  a stress wave 

travelling through a material. From simple wave theory, the velocity (v) is related to modulus of 

elasticity (E), an important mechanical property affecting the utilization of wood, and density (p) 

as shown in Equation [1],
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v = [1]

The above equation pre-supposes that the material is homogeneous. In this study the wave was 

initiated by impacting a surface on a specimen with a hammer. A displacement transducer 

(accelerometer) was place at the opposite face o f the specimen to detect the arrival of the wave. A 

force transducer was attached to the tip o f the hammer to detect the initiation o f the wave. The 

signals from the displacement and force transducers were recorded by a portable oscilloscope.

The velocity was calculated from the distance between the two opposite surfaces (L) and 

difference between the start and arrival times (At) using Equation [2], The test procedure is 

illustrated schematically in Figure 1.

L

L
>j

Figure 1 - Stress wave test set-up.

The stress wave method has been used in evaluating quality o f standing trees (Nakamura, Arima 

1994) and conditions o f structural wood members (Hoyle, Pellerin 1978) with some success. In 

comparison with Pilodyn test, it offers certain potential benefits. First, since the wave travels 

through a material, the measurement is therefore a reflection o f the mean material properties over 

the travel length rather than a localised value near the surface as in the case o f the Pilodyn tester.
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Second, since velocity is related to modulus o f elasticity, it provides a direct indication of an 

important mechanical property o f wood.

The test specimens were obtained from an abandoned Jack pine family test planted in 1977 near 

Fredericton, New Brunswick, and was part o f the Jack pine program initiated by NBTIC. This 

plantation also provided the test material for the calibration o f Pilodyn measurements in the 

studies by Villeneuve (1986) and Park et al (1989). As the trees in this plantation had smaller 

growth rate compared with those in the family tests investigated in Phase 2, selection of trees 

biased towards the larger trees. Thirty trees were selected from the abandoned plantation. Three 

bolts were cut from each tree at stump, 1.5m and 3.0m height. The north side of the bolt was 

marked. These bolts were brought back to the laboratory for testing. The test procedure used is 

described below:

1. Stress wave velocity was measured at 2 locations. Direction o f wave travel was from 

north to south.

2. Two Pilodyn readings were taken on the north side of the bolt. A small piece o f wood was 

removed from the surface at the Pilodyn test location for measurement of surface density.

3. An increment core was taken along the north-south axis for measurement o f average 

density from pith to bark.

4. A prism about 25mm x 25mm in cross section was cross cut from the bolt (Figure 2) for 

determination o f modulus o f elasticity in compression perpendicular to grain. The height 

o f  the compression specimen varied between specimens and was governed by the diameter 

o f  the bolt (see Figure 2). The prism was tested in a universal test machine. The modulus 

o f  elasticity was determined from the load against deformation record. The test procedure 

largely followed ASTM D143 (ASTM 1994).

Evaluation o f wood quality in Jack pine family tests ___________________________
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25 mm x 25mm

Figure 2 - Cutting o f compression test specimen 
from a bolt.

In this phase all density measurements are based on oven-dry weight and green volume. In 

addition to the above, a disk was cut at breast height from five o f the test trees. Tracheid lengths 

o f each disk at 6 equally spaced locations from pith to bark were measured. Procedure for 

measuring tracheid lengths was as described in Kaya (1990). These were intended to provide 

some indication of the degree o f maturity o f the wood.

2.2 Results and discussion

To evaluate the efficiency o f the methods o f evaluating wood quality, regression analyses between 

predicting parameter (eg., pin penetration and wave velocity ) and wood quality indicators (eg., 

density and E) were conducted. The results o f the regression analyses are summarised in Table 1.



Table 1 - Results o f regression analyses.
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Dependent variable Independent
variable

No. o f data points Coefficient o f 
determination (R2)

Surface density Pilodyn 178 (all) 0.365

Surface density 1 / Pilodyn 178 (all) 0.378

Surface density 1 / Pilodyn 60 (stump level) 0.185

Surface density 1 / Pilodyn 59 (1.5m level) 0.571

Surface density 1 / Pilodyn 59 (3.0m level) 0.490

Core density Pilodyn 89 (all) 0.199

Core density 1 / Pilodyn 89 (all) 0.196

M odulus o f elasticity Pilodyn 89 (all) 0.022

M odulus o f elasticity Velocity2 89 (all) 0.002

Core density Velocity2 89 (all) 0.028

Figure 3 - Relationship between density and Pilodyn 
reading at 1.5m height.

The best result is obtained when surface density is regressed against the reciprocal of Pilodyn pin



penetration at the 1 5m height (Figure 3). A slightly lower R2 value is obtained for the same two 

variables at 3.0m height. The poor correlation at stump level for the same two variables is thought 

to be caused by the grain angle effect due to the larger tree trunk taper at this level and the 

difficulty for the operator to maintain a consistent position of the Pilodyn tester with respect to 

the surface o f the test location when testing at such a low height. The low R2 values (0.199 and 

0.196) involving mean core density and Pilodyn readings suggest that Pilodyn wood tester is 

unreliable in estimating mean density of trees o f this age. Of the two methods studied, it can be 

observed that measurements based on stress wave method have extremely poor correlations with 

mean density or modulus o f elasticity of young trees. The low coefficients o f determination 

obtained from stress wave tests can be attributed to the rapid change in properties and moisture 

content from pith to bark. Figure 4 illustrates a typical variation in density and moisture content 

across the diameter of a bolt. The relationship expressed in Equation [1] is only applicable to 

relatively homogeneous materials. In general the rapid change in properties from pith to bark 

occurs near the central portion of a tree. As a tree gets older, the wood properties become 

stabilized (Panshin, de Zeeuw 1980). The tracheid length measurements shown in Figure 5 

support the conclusion that the wood is still juvenile and that its properties have not stabilized. It 

appears that the demarcation point between juvenile and mature wood for Jack pine occurs at an 

age older than 16.

Evaluation o f wood quality in Jack pine family tests__________________  8

Figure 4 - A typical variation of density and moisture 
content from bark-to-bark.
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Figure 5 - Variation oftracheid lengths from pith-to- 
bark for 5 specimens.

The Pilodyn results show a reduction in R2 compared with those obtained by Villeneuve (1986) at 

age 6 and Park et al (1989) at age 10. This seems to agree with the speculation that the 

efficiency of Pilodyn method as a tool for evaluating wood quality in standing trees decreases with 

age o f trees. In view of this, it appears that a more reliable method of evaluating wood quality 

than Pilodyn is desirable for family selection purposes for the 16 year Jack pine. It was decided 

that a method based on measurement of density o f increment core samples using an X-ray 

densitometer should be used in Phase 2.

3.0 PHASE 2 - MEASUREMENT OF PROPERTIES AND GROWTH  
CHARACTERISTICS OF TREES IN FAMILY TESTS

3.1 Materials and measurements

To evaluate the effects o f the use o f a more reliable method of measuring wood quality on genetic 

parameters and family selection, two of the Jack pine family test locations were chosen to provide 

the test samples: McAdam by Georgia-Pacific Corp (GPC) and Dubee Settlement by J.D. Irving
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Ltd (JDI). As mentioned above, trees in the family tests were planted in 1977. Seeds from eight 

hundred and fifty plus trees were used to establish the family tests. At each location, families were 

planted in 4-tree plots in 10 randomized blocks.

In order to minimize test work a stratified sampling approach was adopted in this study based on 

diameter at breast height (DBH) readings recorded at age 14. Forty family were selected. In the 

study by Park et al (1989) measurements were taken from three blocks at each location. To 

maintain continuity, these three blocks were re-evaluated in this study. In addition, the year 14 

data was reviewed and the fastest and slowest growing blocks at each o f the two locations were 

identified and included in the study. In each case one o f the three previously tested blocks 

coincided with either the fastest or slowest growing block. Therefore in total four blocks were 

tested. Two trees from each selected family plot were tested. In each plot the two most north

westerly trees were selected. The readings reported here were based on samples and 

measurements taken in the Fall of 1994 at age 16. Table 2 summarises the blocks and families 

tested in this study.

Table 2 - Blocks and families tested at each location.

Location Blocks Families

GPC 1PF, 2P, 3P, 7s 1, 3, 8, 9, 10, 11, 12, 14, 15, 16, 17, 18, 19, 20, 23, 
25, 26, 29, 31, 32, 33, 34, 35, 38, 43, 44, 45, 49, 50,

53, 54, 55, 59, 62, 69, 77, 84, 93, 117, 189

JDI l p, 5PS, 8P, 9e Ditto
p Previously tested, F Fastest growing,s S owest growing

In total 640 trees were sampled from the two locations. The tree height (TH) and DBH of each 

selected tree were measured and recorded. These values were used for calculating tree bole 

volume (BV) using the following equation by Honer et al (1983):
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V --
0.004331 x DBH  2

0.897 10623 .1944 
H

m

where DBH = diameter a t breast height , cm 
H  = tree height , cm

[3]

A 6mm increment borer was used to extract a bark-to-pith core sample at approximately 0.7m 

above the stump level. The core samples were sent to the eastern laboratory o f Forintek Canada 

Corp for measurement o f  density using their X-ray densitometer. To avoid the influence of 

extractives on density measurements, the cores were washed with hot water and then dried in an 

oven prior to testing by the densitometer. The X-ray densitometer was calibrated to give density 

values based on oven-dried weight and volume at test. When calibrated properly the X-ray 

densitometer can give accurate measurement of density. A 2mm thick by 10mm wide strip was 

sawn from each core sample for scanning by the X-ray densitometer. Each strip was scanned from 

pith to bark. The first few growth rings near the pith were excluded because they are usually too 

narrow and the growth ring boundary is so ambiguous that the densitométrie analysis cannot be 

performed. X-ray scanning is capable of measuring density at very fine intervals. In this study a 

total o f 100 locations were scanned across each growth ring. With this fine resolution, a number 

o f properties including mean sample density, and earlywood density, latewood density and mean 

density of individual growth rings, can be obtained from the micro-densitometric profiles. In 

addition, earlywood width, latewood width, total width and latewood percentage o f each growth 

ring can also be calculated from these profiles. After obtaining the wood density data on 

individual growth rings, weighted average was computed for each tree. Based on the bole volume 

(BV) and average wood density (WD), dry mass weight (DMW) of each tree was estimated.

3.2 Data analysis

Analyses o f variance and covariance for various wood density and tree growth traits were 

performed to estimate genetic parameters using the SAS statistical package (SAS Institute Inc. 

1985). Various variance and covariance components were estimated from the appropriate mean
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square and mean cross-products using the SAS procedures. The estimated variance components 

were interpreted in terms o f genetic and environmental variance and were used for deriving the 

genetic parameters. Assuming that for half-sib families, the family component o f variance equals 

one quarter o f the additive genetic variance (Falconer 1981; Zobel, Talbert 1984), heritabilities 

based on individual-tree (h2,) and family means (h2f) were estimated as follows from Becker 

(1984):

h
i [4]

h 2
/

o2w/bt ♦ o2y/b * o2f [5]

where a2pi and o 2pf are phenotypic variance based on individual-tree and family means, 

respectively; o 2w, o2bf and o 2f are variance components due to error, block x family interaction, 

and family, respectively.

Analysis o f  covariance between traits and the calculation of the components o f  covariance were 

necessary for the determination o f the genetic correlations between various traits. Genotypic 

correlations, rg(xy), and phenotypic correlations based on family means, rp(xy), were computed as 

follows (Falconer, 1981):

rjxy) . cor/xy)
02/y) [6]
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rp(*y) -
covjw)

\ l ° V x) °V>->
[7]

where CO V/xy) and COVpf(xy) are the family covariance component and phenotypic covariance 

(based on family means) between traits x and y, respectively; o 2pf(x), o 2pf(y) are the phenotypic 

variances for traits x and y, respectively (based on family means).

3.3 Results and discussion

3.3.1 Genetic variation and inheritance of wood density and growth traits

Mean values, ranges and coefficients of variation o f various wood density and growth traits for 

each location are given in Table 3. The average wood density is considerably lower than those 

reported previously for this species (cf. Gonzalez 1990), but this trait shows a large variation 

among the trees studied (ranging from 0.293-0.442 g/cm3). The low wood density may be related 

to the young age which means low-density juvenile wood. It is clear that latewood density is 

substantially higher than earlywood density. Among various traits studied, wood density and its 

components show the smallest phenotypic variation (< 10%), followed by DBH and TH (10- 

20%), ring width and its components (20-30%), and DMW and BV (>40%). Similar results were 

obtained by Zhang et al. (1992) for European oak (iQuercuspetraea and Quercus robur) and 

Zhang and Morgenstern (1995) for black spruce.



Table 3 - Summary statistics of measurements at JDI and GPC sites.
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Trait* JDI GPC

Mean Range c o v

(%)

Mean Range COV

(%)

WD (g/cm3) 0.360 0.305 -0.442 6.5 0.356 0.293 - 0.413 5.9

ED (g/cm3) 0.303 0.263 - 0.366 5.3 0.297 0.273 - 0.344 4.3

LD (g/cm3) 0.591 0.518-0.673 4.0 0.572 0.494 - 0.656 6.1

RW (mm) 3.82 1.52-6.00 20.6 4.48 2.18 - 7.07 18.3

EW (mm) 3.18 1.11 - 5.37 22.5 3.67 1.61 -6 .27 21.3

LW (mm) 0.64 0.25 - 1.31 26.1 0.80 0 .36- 1.44 23.6

LP (%) 17.0 7 .2-27 .3 22.8 18.4 7 .7 -3 4 .7 24.5

TH (m) 7.3 5 .7 -9 .0 8.8 8.8 6.8 - 10.4 7.5

DBH (cm) 10.7 6 .0 - 14.9 16.6 12.0 7 .2 - 16.6 15.6

BV (cm3) 33436 8645 - 70188 36.8 49299 17674 - 89077 33.3

DMW (kg) 12.02 3.33 - 26.17 37.2 17.50 6.46 - 30.09 32.8

+ •  J  7 --- C ?  --------------5 - ’ ' ' *
of earlywood in a growth ring, LW=width o f latewood in a growth ring, LP=latewood percentage 
in a growth ring, TH=tree height, DBH=diameter at breast height, B V=bole volume per tree, 
DMW=dry mass weight per tree.

As is shown in Table 3, trees from GPC site have grown significantly faster than those from the 

JDI site in terms o f both radial (12.0 cm and 10.7 cm respectively) and axial growth (8.8 m and

7.3 m respectively). However, average wood densities for the families grown at the two locations 

are almost identical (0.360 g/cm3 at JDI and 0.356 g/cm3 at GPC). Therefore, trees from GPC site 

will have, on average, higher fibre production than from JDI site (17.50 kg/tree and 12.02 kg/tree 

respectively). This result clearly indicates that wood density o f Jack pine is hardly related to 

growth rate. Such a relationship between wood density and growth rate in this species is different 

from what was found in black spruce (Zhang, Morgenstern 1995) and other pines (Zhang 1995a).
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The estimated narrow-sense heritability based on individual trees (h\) and heritabiiity based on 

family means (h2f) for mean wood density and growth traits are presented in Table 4. As can be 

noted from Table 4, wood density shows the highest heritability. Comparing the results in Table 4 

with the corresponding values given in Park et al (1989), it is noted that with the exception of h2 

for tree height all heritability values for the year 16 (this study) are significantly lower than those 

for year 10 (Park et al 1989).

Table 4 - Estimated narrow-sense heritability based on individual trees (h2̂ ) and heritability based
am PA rM 11 x / maonr \ Pat ii ; a a .4

Heritability WD DBH TH BV DMW

h2 0.32 0.02 0.33 0.09 0.13

h2f 0.40 0.04 0.36 0.15 0.21

Genotypic and phenotypic correlations computed from estimated variance and covariance 

components are shown in Table 5. Table 5 shows that DMW is highly correlated with all growth 

traits and wood density. Correlations between tree height (TH) and DBH are significantly lower 

than those for year 10 data reported by Park et al (1989). The most significant findings from this 

study is that the genetic correlations between wood density and growth traits are all positive. This 

is in contrast with the year 10 data which showed negative values for all corresponding 

correlations. The result implies that selection for optimum growth will result in higher wood 

density. This discrepancy may be explained by the inaccuracy in measuring wood density using the 

Pilodyn method in the year 10 study, and the decreased rate of increasing wood density with 

radial age in the older trees.
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Table 5 - Genotypic (upper triangle) and phenotypic (lower triangle) correlations between wood
density and growth traits.

WD DBH TH BV DMW

WD 0.21 0.16 0.35 0.62

DBH -0.08 0.55 0.91 0.84

TH 0.09 0.41 0.67 0.59

BV -0.02 0.97 0.61 0.96

DMW 0.19 0.93 0.62 0.97

3.3.2 Correlations between wood density and other wood quality traits

As mentioned above, in addition to average wood density, the use of X-ray densitométrie analysis 

enables the evaluation of a number of wood quality traits such as ring width, width and density o f 

both latewood and earlywood within one growth ring. Although not one o f the prime objectives 

o f  this project, it is of interest to estimate the correlations between various wood quality traits 

measured here. Table 6 presents the results o f this correlation study.

Table 6 - Correlation coefficients between wood density and other wood quality traits.

RW EW LW LP ED LD DMW

WD -0.12 -0.27** 0.62** 0.80** 0.63** 0.52** 0.13

RW 0.98** 0.52** -0.31** 0.08 -0.16** 0.59**

EW 0.34** -0.49** 0.03 -0.26** 0.55**

LW 0.63** 0.29** 0.37** 0.46**

LP 0.25** 0.55** -0.03

ED -0.11* 0.16**

LD -0.01
** Significant at 0.01 level, * Significant at 0.05 level.

It can be noted from Table 6 that mean wood density has weak negative correlations with both



ring width (RW) and earlywood width (EW). However it is highly dependent on latewood width 

(LW) and latewood percentage (LP) with positive correlations o f 0.62 and 0.8 respectively. These 

results indicate that latewood characteristics are better predictors o f wood density than growth 

rate. Dry wood mass per tree is weakly related to wood density. Such a phenomenon is expected 

since DMW is also dependent on growth traits.

3.3.3 Impact o f wood density measurement methods on family selection

Since the Pilodyn wood tester is an indirect method o f estimating surface wood density, the X-ray 

densitometry method may be regarded as a more precise method of determining wood density. It 

is therefore necessary to assess the implication on family selection when wood density is measured 

by Pilodyn and used as the selection criterion. Table 7 compares the ranking of the 40 families 

tested in this study based on X-ray densitometry readings and the same 40 families tested in year 

10 by Park et al (1989) based on Pilodyn readings at the JDI site. Similar comparison was not 

made for the GPC results because of missing data. For the sake o f comparison, if we accept an 

error o f ±5 ranking order for the Pilodyn-based results (i.e. year 10), then the families which are 

considered to have been correctly ranked by the Pilodyn method are marked with an asterisk in 

Table 7. Generally there is inconsistent ranking by the two method, especially those with medium 

wood density. An examination of the distribution o f the asterisks suggests that the Pilodyn wood 

tester is reasonably reliable in segregating families into low or high density group. Thus if the 

objective o f the test is to select trees with densities near the extreme low or high end of the 

density range, then the time-efficient Pilodyn wood tester may be adequate. This o f course 

assumes that reliable calibration data is available.
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Table 7 - Comparison of ranking of families based on X-ray densitometry (year 16) and Pilodyn 
______________________________(year 10) results at JDI site.____________________________

Ranking Year 16 Year 10 Comparison

Family Measured density 
(g/cm3)

Family Measured density 
(g/cm3)

o f rank

1 117 0.34 23 0.323
2 12 0.342 12 0.324 ♦
3 17 0.342 10 0.327 *
4 14 0.344 20 0.331
5 29 0.344 29 0.331 *
6 10 0.346 25 0.331
7 18 0.346 17 0.331 *
8 32 0.348 49 0.331
9 23 0.35 69 0.331
10 16 0.35 77 0.333
11 54 0.351 8 0.335
12 3 0.351 18 0.336 *
13 11 0.353 44 0.336 *
14 44 0.353 1 0.336 *
15 45 0.354 189 0.337
16 77 0.355 43 0.337
17 25 0.355 54 0.337
18 1 0.356 93 0.338
19 15 0.357 14 0.338
20 38 0.358 117 0.34
21 53 0.358 31 0.34
22 69 0.36 55 0.341
23 84 0.36 16 0.341
24 189 0.362 32 0.341
25 50 0.362 19 0.342 ★
26 19 0.365 11 0.343
27 20 0.365 53 0.343
28 9 0.366 45 0.343
29 8 0.367 3 0.344
30 55 0.367 9 0.344 *
31 31 0.368 59 0.344 *
32 59 0.368 50 0.344
33 34 0.37 84 0.344
34 43 0.373 35 0.345 *
35 62 0.373 62 0.346 *
36 93 0.376 34 0.348 *
37 35 0.376 15 0.348
38 49 0.383 26 0.349 ★
39 26 0.385 33 0.349 *
40 33 0.39 38 0.349

* Signifies similar rank by the two methods
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4.0 CONCLUSIONS

1. The stress wave technique does not seem reliable in evaluating wood properties o f young 

trees, because o f rapid radial variations in moisture content and density.

2. For Jack pine trees the correlation between Pilodyn readings and surface density decreases 

with age.

3. The Pilodyn wood tester appears to be a useful technique for selecting wood with density 

at the extreme low and high ends o f the density range o f a sample.

4. Wood density shows the highest heritability (0.32 - 0.40) among all the traits studied, 

followed by tree height (0.33 - 0.36).

5. The two sites studied here showed similar wood density but different growth performance. 

This indicates that the relationship between growth rate and wood density is site 

dependent.

6. The average wood density is highly dependent on latewood percentage.

7. Dry mass weight is highly correlated with growth traits and wood density.

8. Contrary to previous results on Jack pine, wood density is positively correlated with 

growth traits. Therefore it is possible to achieve simultaneous gains in fibre volume and 

wood density in family selection.
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