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Abstract: The aim of this study was to determine some chemical, physical and mechanical properties of juvenile
wood from black pine (Pinus nigra Arnold) plantations. Black pine, one of the important softwood species
covers the most of the plantations in Turkey. Black pines that naturally grow in Duzce were 20-23 vears old with
the dimensions of 13-17 cm utilized in this study. Specimens were prepared and tested according to Turkish
standards. The physical properties were measured and air and oven dry wood densities were found to be
0.464 and 0.431 g cm ™, respectively. The volume weight was 0.383 g cm ™. The radial, tangential and volumetric
shrinkage values were 4.05, 6.19 and 10.24%, respectively. The radial, tangential and volumetric swelling
values were also found to be 3.69, 7.79 and 11.5%, respectively. The mechanical tests resulted in that the static
bending and compression strengths were 79.1 and 42.4 N mm™, respectively. In addition juvenile wood
had higher lignin and lower holocellulose content compared to the mature wood. Conclusively, the physical
and mechamcal properties of juvenile pine wood examined in this study were observed to be lower compared

to the mature pine wood.
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INTRODUCTION

Naturally grown European black pine (Pinus nigra
Amold) covers more than 2 million ha. area and several
black pine plantations have lately been established
all over the Turkey. To overcome the wood demand,
short rotational plantations, shorter forest management
periods lately gain importance all over the world. Shorter
management periods results in wood including higher rate
of juvenile wood. Therefore, knowledge on physical and
mechanical properties of juvenile wood is significant to
decide the utilization place in the industry.

Juvenile wood a part of the tree occurred in the early
growth was usually found in the first 5 to 25 years. The
ratio of juvenile wood varies depending on the wood
species and wood age (Clark and Saucier, 1989). Tuvenile
wood found m softwoods and hardwoods and
ultramicroscopic  structure, chemical composition;
anatomical, physical and mechanical properties of juvenile
wood vary from mature wood. Juvenile wood is accepted
to be a growth defect in wood anatomy and existence of
juvenile wood limits the wood utilization due to mostly
the working characteristics in industrial applications.
The poor wood quality of juvenile wood is particularly
reduces the mechamcal properties for conifers. Densities

of juvemile woods are lower because they contain
relatively few latewood cells. Earlywood cells found
in a high proportion in juvenile wood have a thin
wall layer that 1s one of the reasons for lower density
(Haygreen and Bowyer, 1996).

Ewans et al. (2000) studied the effect of juvemle wood
on the mechanical and physical properties of red alder
(Alnus rubra). They found that tree growth in the first
10 to 20 years reduced the mechamcal strength properties
of the tree species.

Goker (1977) studied the properties of mature black
pine wood. He obtained test samples from Dursunbey
Turkey. The physical properties found to be as follow:
density 0.560 g cm™, oven dry density 0.530 g cm™,
volume weight 0.464 g cm™, volumetric shrinkage 13.7%.
The bending strength and compression strength was
found to be 109.6 and 47.9 N mm . Also Gunduz (1999)
studied the properties of Camiyani black pine wood.
He obtained test samples from Yenice Turkey. The
physical properties found to be as follow: Density
0.590 g cm ™, oven dry density 0.550 g cm ™, volume
weight 0.47 g cm ™, volumetric shrinkage 10.2%. The
bending strength and compression
found to be 119.9 and 56.93 N mm™.

strength  was
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This study focused to examine some chemical,
physical and mechanical properties of juvenile black
pine wood, which has been planted 20 years ago in
Duzce-Turkey.

MATERIALS AND METHODS

Wood samples have been collected from black pine
plantations i Duzce-Turkey. Samples were selected
according to the Turkish standards TS 4176 (1984).
Table 1 shows the characteristics of the trees and the
district that the samples were taken.

Logs were collected from 2-4 m heights of the tree.
CuS0, solution (10%) was sprayed onto cross sections of
1m long green logs in order to prevent staining and the
logs were then left for pre-drying for 3 months. Specimens
for physical and mechanical properties were also prepared
according to TS 2470 (1976) standard. Prepared samples
were then conditioned in a conditioning room at a
temperature of 20°C and 65+5% relative humidity until the
specimens were reached to the equlibrium moisture
content of 12% MC (TS 642-ISO 554, 1997).

The physical properties; density of wood (air-dry and
oven- dry) (TS 2472, 1976), shrinkage (TS 4083, 1983;
TS 4085, 1983) and swelling (TS 4084, 1983, TS 4086, 1983)
were tested. The mechanical properties; bending strength
(TS 2474, 1976) and compression strength parallel to grain
(TS 2595, 1977) were also studied. Static quality values of
the samples were calculated (As, 1992).

Samples for chemical analysis were prepared
accordng to Tappr T 257 (Anonymous, 1992).
Hoellocelulose and-cellulose contents were determined
according to the chloride (Wise and Karl, 1962) and Tappi
(Tappi T 203) methods, respectively. The lignin
(Tappi T 222) and ash (Tappi T 211 om-93) contents were
determined. The solubility properties, alcohol-benzene
(Tappi T 204), cold and hot-water (Tappi T 207) and 1%
NaOH (Tapp1 T 212) were also measured. The analysis of
variance (ANOVA) and Duncan mean separation tests
were performed to evaluate the observed results.

Table 1: The characteristics of the test areas and trees

Tree No. 1 2 3 4
Elevation (m) 680 680 680 680
Slope (%) 20 20 20 20
Exposure North Noith Noith Noith
Stand type Mixed Mixed Mixed Mixed
Age 180 21.0 22.0 21.0
Diameter (cm) 13.3 15.8 16.4 15.6
Length (m) 12.0 12.7 13.6 14.3
Relative humidity (%) 74.0 74.0 74.0 74.0
Rainfall (mm/year) 837.5 837.5 837.5 837.5
Average temperature (°C) 13.0 13.0 13.0 13.0
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RESULTS AND DISCUSSION

The chemical properties of back pine juvenile wood
are given in Table 2. Juvenile wood had higher lignin and
lower holocellulose content compared to the mature
wood. The extractive content of juvenile wood was also
found to be lower than mature wood. On the other hand,
hot and 1% NaOH solubility values were found to be
lower for juvenile wood.

Table 3 displays the density (air-dry, oven dry and
weight in volume), shrinkage and swelling (radial,
tangential and volumetric) values observed in this study.
Density (air-dry and oven-dry) of the juvenile wood was
compared to the mature black pine wood and the result
indicated that the density of the juvenile wood was almost
20% (relative percentage) lower. In addition. juvemile
wood had lower weight m volume than mature wood
measured by Goker (1977). Lower density values in
juvenile wood are expected because juvemile wood
contain lower amount of latewood cells having thin
cell walls.

When the volumetric shrinkage and swelling
properties were examined (Table 3), the juvenile wood
gave relatively lower values for both properties compared
to the mature wood (Bozkurt and Erdin, 1997). The
volumetric shrinkage and swelling properties are affected
by several wood factors such as heartwood-sapwood
ratio, fibrillar angle on 3; layer etc (Bektas and Guler,
2001). The most mnportant parameter effecting wood
shrinkage and swelling 1s the wood density, mature wood
having higher wood density held higher amount of water
and resulted mn higher wood shrinkage and swelling.

Table 4 shows the mechanical properties of the black
pine juvenile wood. Based on wood classification
(Bozlaurt and Erdin, 1990), black pine juvenile wood was
classified as fair based on compression strength and low
based on bending strength. Compression and bending
strength of pine juvenile wood were measured in this
study stayed between 35-35 and 50-85 N mm ™ for
both properties, respectively. The measured strength
properties 1indicated that juvemle wood had lower

Table 2: Chemical composition of Black Pine (%6 of oven-dry wood)

Components Mature wood (Usta, 1993) Juvenile wood
Holosellullose 72.20 64,70
a-cellulose - 35.50
Lignin 28.50 33.00
Ash - 0.90
Solubility

Alcohol-benzene (2/1) 6.07 2.51
1% NaOH 12.20 19.00
Hot water 4.71 2.25
Cold water - 3.88

*Mean values are the average of duplicate measurements
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Table 3: Values of air dry density (D;2), oven dry density (D), weight in volume (R), radial (1), tangential (t) and volumetric (V) shrinkage and swelling

Dy, Do R Shrinkage (%) Swelling (%)
Juvenile wood Black Pine (gom™) r t v r t v
No. of samples (N) 160.00 160.00 160.00 80.00 80.00 80.00 80.00 80.00 80.00
Average (X) 0.464 0.431 0.384 4.048 6.196 10.244 3.70 7.78 11.50
Standard deviation (3) 0.047 0.045 0.036 1.406 0.830 1.934 0.96 1.52 2.24
Variance (§%) 0.002 0.002 0.001 1.978 0.689 3.740 0.92 2.31 5.01
Coefficient of variation (8%) 10.13 10.59 9.387 34.74 13.40 1887 25.98 19.53 19.48
Minimum vahie (X z) 0.380 0.355 0.321 3.8%6 1.786 7.004 2752 1.754 6.473
Maximum value (X,;) 0.583 0.551 0.469 7.983 12.609 18,887 11.483 5.797 1632
Table4: The mechanical properties of juvenile wood Black Pine 0550
(Pinus nigra Arnold)*
Juvenile wood Black Pine op” o E 0.5001
n 30.00 30.00
Mean (X) 42.46 (8.355) 79.01 (10.88) £ 04501
Variance (§%) 69.80 118.54 ,E 04001
Minimum value (X.3) 29.13 57.91 _Ea . _
Maximum value (X,s) 57.25 10536 T 03504 y= 9-‘{“_2%" ; 062353
“Values in parentheses are the standard deviation of means; n denotes sample < R'=0.597
size; MC at test was 12%, °Compression strength parallel to grain 0.300 r r r r r 1
(N mm™2), “Static bending strength (N mm~?) 50 60 70 80 90 100 110
Static bending strength (N mm %)

Table 5: Compression strength parallel to the grain (op), Static bending
strength (og) and Static quality value (St)

Tree species Op, Og St References
Juvenile wood Black pine 424 79.1 8.1 This study
Camivani Black pine 56.9 119.9 10.3 (Gunduz, 1999)
Dursunbey Black pine 47.9 109.5 8.6 (Géker, 1977)
0.600~ .
g 0.550+
280.5004
-
E 0.450-
_E‘ 0.400
I y = 0.0006x + 0.2347
< 0350 R*=0.6327
0.300 T T T T T 1
250 300 350 400 450 500 550
Compression strength (N m )

Fig. 1. The relationship between compression strength
and air-dry density

compression and bending strength compared to the
mature black pine wood (Table 4 and 5). Low density
softwoods, such as black pine, can be classified as low,
fair and good quality according to their static quality
value. Static quality value higher than 8 13 accepted to be
good m qualty for conifers (As, 1992). In this study, the
calculated static quality value 8 wood quality for black
pine juvenile wood.

Figure 1 and 2 shows the relationship between air dry
density and compression and bending strengths. Results
indicated density and strength values have a strong
relationship. Coefficients of variations were observed to
be R’ = 0.63 for density and compression strength and

? = 0.60 for density and bending strength.

Fig. 2: The relationship between static bending strength
and air-dry density

CONCLUSIONS

Juvenile wood had Migher lignin and lower
holocellulose content. The extractive content of juvenile
wood was found to be lower compared to the mature
wood. Tuvenile wood had lower wood density. In
addition, swelling and shrinkage properties were observed
to be lower compared to the mature wood. Therefore
juvenile wood works less than mature wood as the
surrounding relative humidity varies. The mechanical
properties of black pine juvenile wood was observed to
lower compared to the black pine mature wood. Tndustries
requiring high wood strength should not be utilized
juvenile wood. On the other hand, black pine juvenile
wood should be considered to be utilized mn pulp-paper
and board mdustries.
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