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ABSTRACT
Black pine (Pinus nigra) is a significant raw material source for the forest products industry in
Turkey. The purpose of this research was to study some chemical, anatomical, physical, and
mechanical properties of wood obtained from juvenile black pines planted in Kavaklidere - Mugla,
originating from five different locations: Mugla, Balikesir, Denizli, Bursa, and Kiitahya. Although
pines originating from Mugla and Balikesir were good in terms of wood properties, those from
Denizli, Bursa, and Kiitahya exhibited no remarkable features. Black pine of Mugla origin was
recommended for planting in Kavaklidere and similar habitats, whereas pines of Denizli, Bursa,
and Kiitahya origins were not recommended. However, pine of Balikesir origin may be an

alternative to that of Mugla origin for black pine plantations at Kavaklidere and similar sites.

Keywords: Anatomical properties, chemical properties, juvenile wood, mechanical properties,

physical properties, wood properties.
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INTRODUCTION

The general geographical distribution of black pine (Pinus nigra) covers Anatolia, Crimea, south
of the Carpathians, the Balkan Peninsula, and Cyprus. In Turkey, on the inner slopes of the North
Anatolian Mountains, on the northern borders of Western Anatolia (especially the Taurus
Mountains), and in South Anatolia it establishes pure forests, or mixed forests with Turkish red
pine, Scots pine, cedar, juniper, fir, beech, and oak taxa (Yaltirik and Efe 1994). According to the
latest official statistics of the Republic of Turkey General Directorate of Forestry, about 19 % of
the 22,740,297 hectares of forest areas in Turkey consist of black pine. Additionally, after Turkish
red pine (Pinus brutia Ten.), it is the coniferous species with the second highest distribution in
Turkey (Republic of Turkey General Directorate of Forestry 2019). It is also the most frequently
planted species in Turkey after Turkish red pine (Acar et al. 2011). Black pine is of great
importance for forestry and the forest products industry in Turkey due to its wide distribution area

and good wood properties.

The population growth and technological developments emerging since the second half of the
twentieth century have led to the establishment and expanding development of the forest products
industry, resulting in the increased demand for wood raw material. Because large-diameter old
trees in natural forests are not enough to meet the raw material needs, juvenile wood, made
available in a short time by plantation forestry, has gained in importance. During the first years of
the growth period of the trees (approximately 5 - 20 years), the texture of the wood extending from
the pith to the exterior is defined as juvenile wood, whereas the part formed after the transition
period is called mature wood (Arslan and Aydemir 2009). Juvenile wood differs from mature wood

anatomically (Bao ef al. 2001, Oluwafemi 2007), chemically (Bao ef al. 2001, Yeh et al. 2006),
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and in terms of physical and mechanical properties (Bao ef al. 2001, Passialis and Kiriazakos 2004,

Pikk and Kasr 2006).

One of the most important differences between juvenile wood and mature wood is the higher angle
of the cellulose microfibrils in the secondary wall S2 layer with the longitudinal axis of the cell
(Lichtenegger et al. 1999, Deresse et al. 2003, Alteyrac et al. 2006). Microfibril angle plays a

significant role in determining the mechanical properties of wood (Reiterer et al. 1999).

In coniferous trees, compared to mature wood, juvenile wood has higher lignin and extractive
contents and lower cellulose content, tracheid length, cell wall thickness, density, and mechanical
strength (Kretschmann 1998, Larson et al. 2001, Pikk and Kasr 2006, Yeh et al. 2006, Oluwafemi

2007, Bal et al. 2012).

Guler et al. (2007) studied the physical and mechanical properties of juvenile black pine planted in
Diizce, and other studies have investigated the wood properties of mature black pine naturally
grown in Dursunbey and Elekdag (Goker 1969), and Yenice (Erten and S6zen 1994, Giindiiz 1999).
In addition, a number of studies have been carried out to determine the anatomical and chemical
properties of black pine mature wood (Erten and Ilter 1995, Ates 2004, Hafizoglu and Usta 2005,

Sariusta 2007) and juvenile wood (Akgiil and Tozluoglu 2009).

Guler ef al. (2007) and Akgiil and Tozluoglu (2009) determined some characteristics of juvenile
black pine wood; however, their studies did not mention the origins of the juvenile black pine trees
that were planted in the Diizce region. In contrast, in our study, as well as finding regional
differences, the tree origins were identified and compared. Thus, the aim was to reveal the origins
of trees that can be planted in Kavaklidere and similar growing environments in order to achieve

superior wood properties.
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Consequently, this study aimed to examine some chemical, anatomical, physical, and mechanical
properties of wood from juvenile black pines of five different origins planted in Kavaklidere —

Mugla, Turkey, and to determine the best provenance in terms of wood properties.

MATERIAL AND METHODS

The wood samples of juvenile black pines (Pinus nigra Arn.) were obtained from the section
numbered 242 belonging to the Sub-district Directorate of the Kavaklidere Forest District
Directorate under the Mugla Forest Regional Directorate. The pines of different origins were
planted in 1993 as 0-2-year-old seedlings at a spacing distance of 2,50 m — 1,25 m. No pruning or
thinning was carried out in the area until the trees were cut down. The slope of the field is over 30
%. Table 1 displays the characteristics of the study area from where the samples were taken.

Table 1: Characteristics of study area (Acar ef al. 2019).

Location Kavaklidere — Mugla (Turkey)
Latitude 37° 22" 38.6" North
Longitude 28°21°50.4" East

Altitude 1230 m

Mean temperature* 15,42 °C

Average precipitation® 1165,20 mm
Soil type loam / clay loam
Bedrock limestone / phyllite
* Average value between 1993 and 2017

For this study, pines of five origins were selected from among those of nineteen origins. These
included those originating from Balikesir, Bursa, Denizli, Kiitahya, and Mugla (Fig. 1), which were
chosen as representative of different parts of the Aegean Region and considering criteria such as
the tree trunk flatness and diameter dimensions. A total of thirty juvenile black pines, consisting of
six trees of each origin, were felled on 08 December 2016 in compliance with TS 4176 (TSE 1984).
All felled trees were twenty-five years old. When selecting the trees, we made sure that they were

normal and healthy in terms of trunk and crown formation, displayed natural wood color, had fibers
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parallel to each other that did not show curling, and finally, that they were not suffering from insect
or fungal damage. Care was taken to ensure that the trees were representative of the region. Table
2 gives information about the origins of the juvenile black pines.

Table 2: Origin information of Black pine trees.

S.S - Origin A'verage Regional District . Latitude/ Altitude
National diameter | ... . Series .
Name Directorate Directorate Longitude (m)
Code (cm)
39°24"40"

70 Balikesir | 16,15 Balikesir Alagam Degirmenegrek / 1500
28°33"15"
39° 54" 10"

83 Bursa 14,50 Bursa Mustafa Kemal Pagsa | Burhandagi / 1000
28°43' 00"
37° 40’ 50"

91 Denizli 14,90 Denizli Denizli Merkez / 1250
29° 04' 20"
39° 51" 30"

94 Kiitahya 13,60 Kiitahya Domanig Deregarsamba / 1400
29°29' 00"
37°11'23"

369 Mugla 15,50 Mugla Yilanh Yilanh / 1100
28°31' 53"

*S8S: Seed Stan

For the physical and mechanical tests, logs were taken from the tree height of 2,00 m — 4,00 m. For
chemical analyses, discs were obtained from the bottom, middle, and peak points of the logs. Discs

were collected at chest height (about 1.30 m) of the logs for the anatomical measurements (Fig. 2).

The wood flour was obtained from the discs taken from the bottom, middle and peak sections
according to TAPPI T 257 om-85 (TAPPI 1985), mixed homogeneously, and then mixed
homogeneously for each origin separately. The main chemical components consisted of
holocellulose (Wise and Karl 1962), a-cellulose (TAPPI T 203 os-71 (TAPPI 1975)), lignin
(TAPPI T 222 om-88 (TAPPI 1988)), and ash (TAPPI T 211 om-93 (TAPPI 1993)). Solubility
properties were then determined, including for alcohol-benzene (TAPPI T 204 ¢cm-97 (TAPPI
1997)), 1% NaOH (TAPPI T 212 om-98 (TAPPI 1998)), and hot and cold water (TAPPI T 207

cm-93 (TAPPI 1993)).
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Figure 1: Map of origins of Black pine trees.

3 3 1000 1000 3
= R e E—
{D g Middle Peak
B Phisical and Mechanicla Samples B Chemical Samples B Anatomical Samples [ Unused
Figure 2: Scheme of sampling specimens from logs.

For anatomical measurements and amounts, the wood samples were boiled in distilled water and
immersed in a solution containing equal amounts of alcohol-glycerin-distilled water. Sections taken
using a sliding microtome were stained with safranin O made in continuous preparations (Gergek
1984, Gergek 1997, Merev 1998 - referring to Normand (1972), Merev 1998, Ives 2001). The
Schultze method (potassium chlorate-nitric acid) was used for the maceration process. For the

sample preparations the released wood elements were washed with distilled water, filtered, rinsed

6
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with alcohol, and stained with safranin O. Anatomical properties like tracheid length, tracheid
width, tracheid cell-wall thickness, tracheid lumen width, number of tracheids per mm, ray cell

height, and number of ray cells per mm were investigated.

To determine physical and mechanical properties, test samples were taken from the logs and discs
according to TS 2470 (TSE 1976). In the cutting of the test samples, care was taken that no pith or
wood defects were included. Physical properties were tested, including air-dry density, oven-dry
density, volume-density (TS 2472 (TSE 1976)), shrinkage (TS 4083 (TSE 1983), TS 4085 (TSE
1983)), and swelling (TS 4084 (TSE 1983), TS 4086 (TSE 1983)) and mechanical properties such
as bending strength (TS 2474 (TSE 1976)), modulus of elasticity (TS 2478 (TSE 1976)), and

compression strength (TS 2595 (TSE 1977)).

The data obtained from the physical and mechanical tests, chemical analyses, and anatomical
measurements and amounts were subjected to one-way analysis of variance (ANOVA). The
Duncan’s test was then performed to determine separate groups among the origins that differed

according to the arithmetic means.

RESULTS AND DISCUSSION

The results of the arithmetic means and statistical analyses for the chemical properties of the
juvenile black pine woods of different origins together with results of some previous studies on
juvenile and mature black pine are displayed in Table 3. Significant differences were found in the
main chemical compounds and solubility ratios of the wood samples obtained from juvenile black
pines of different origins. The highest cellulose and lignin contents were in the wood of Balikesir
origin and the highest holocellulose content in that of Mugla origin. However, the lowest cellulose

and lignin ratios were found in the samples of Mugla origin, and the lowest holocellulose ratio in
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167  those of Kiitahya origin. Moreover, the Denizli origin samples stood out for their extractives

168 content.

169 Table 3: Chemical properties of juvenile black pine of different origins.
170
Chemical
i No. of
Properties 00 Pr Balikesir | Bursa Denizli | Kiitahya | Mugla | JTW | MTW
Samples
(%)
Holocellulose 3 p<0,001 61,8()Ci0,81 62,5()Ci1,05 60,5(};:0,38 59,0(1):0,75 64,2(]);:0,74 64.70 | 72.20
37,30+£0,06 | 35,00+0,13 | 35,10+0,06 | 36,60+0,10 | 34,90+0,24
a-cellulose 3 p<0,001 C A A B A 35,50 -
L 35,30+1,23 | 34,30+0,34 | 33,80+0,72 | 35,20+0,18 | 26,00+0,71
Lignin 3 p<0,001 C BC B C A 33,00 | 28,50
0,62+0,02 | 0,68+0,07 | 0,71+0,12 0,55+0,07 0,42+0,02
Ash 3 p<0,05 B B B AB A 0,90 -
‘E;‘;lgi ; 005 | 328070 | 400£0,62 | 489110 | 3,53:0.74 | 268076 | 5\ | o7
/) P=5 AB BC C AB A ’ .
>
£l 1% NaOH 18,40+0,68 | 20,50+0,91 | 22,80+0,62 | 18,80+0,85 | 15,60+0,34
g 3 p<0,001 B C D B A 19,00 | 12,20
=) 3,53£0,52 | 4,85+0,09 | 5,09+0,46 | 4,44+0,36 | 3,20+0,24
«| Hot water 3 p<0,001 A B B B A 2,25 4,71
1,41+0,25 | 3,22+0,30 | 2,29+0,41 | 2,21+0,39 | 1,55+0,49
Cold water 3 p<0,01 A D C BC AB 3,88 -
JTW: Juvenile Tree Wood (Akgiil and Tozluoglu 2009), MTW: Mature Tree Wood (Usta 1993), + indicates standard deviation.
Values with the same letter are statistically the same at the 0,05 significance level (Duncan’s test).

171
172 The cellulose and lignin contents of samples of all provenances except for Mugla were found to be

173  compatible with the results for juvenile black pine obtained by Akgiil and Tozluoglu (2009).
174  However, only the Mugla samples exhibited holocellulose contents similar to their results, with the
175  samples of other origins found to be lower. Except for the cold-water solubility, the extractive
176  contents of the wood of different origins in this study were generally found to be close to or higher
177  than the results reported by Akgiil and Tozluoglu (2009).

178
179  When our juvenile pines of different origins were compared with mature black pine, it was

180  determined that holocellulose (72,3 % — Usta 1993; 69,25 % — Erten and Ilter 1995; 72,34 % — Ates

181  2004; 72,57 % — Kilig et al. 2010) and cellulose ratios (43,55 % — Ates 2004; 46,80 % — Hafizoglu



183 % — Ates 2004; 27,90 % — Hafizoglu and Usta 2005; 26,74 % — Kili¢ et al. 2010) were higher,
184  except for the Mugla samples. One notable finding in this study was that the lignin content of the
185  Mugla origin sample was near to that of mature black pine. The extractive contents procured from

186  mature black pine by Usta (1993), Ates (2004), Hafizoglu and Usta (2005), and Kilig ef al. (2010)
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182  and Usta 2005; 46,5 % — Kilig et al. 2010) were lower and lignin rates (28,50 % — Usta 1993; 26,40

187  were similar to or lower than those of the juvenile pine samples of different origins in this study.

188

189  Table 4 presents the arithmetic means and statistical analyses pertaining to anatomical features
190 together with those of previous works on black pine. Except for tracheid cell wall thickness,
191  significant differences were determined in the anatomical parameters of wood samples taken from

192  the juvenile black pine of different origins.

193 Table 4: Anatomical properties of juvenile black pine of different origins.
194
A ical f
p:::zln:tt:s SI:I(::p(;es Pr Balikesir Bursa Denizli Kiitahya Mugla JTW | MTW
Tracheid length 180 2678,95+ | 2868,08+ | 2568,28+ | 284626+ 2747,64+
(um) p<0.000 | cesgs AB | 691,10C | 61140A | 621,17C | 62140BC | 120 | 347380
Tracheid width 180 40,7449,43 | 40,64+8,40 | 42,92+8,96 | 41,46+7,98 | 43,25+9,65
(um) p<0,010 A A B AB B 36,12 | 43,45
Tracheid lumen 180 29,54+8,74 | 28,84+8,77 | 31,14+9,09 | 29,69+7,89 | 31,74+9,28
width (um) p<0,09 AB A BC AB C 26,23 | 27,75
Tracheid cell 180
wall thickness p<0,732 5,60£2,09 | 5,90+£2,55 | 5,89+2,60 | 5,88+2,52 5,75£2,39 4,95 15.20
(um) A A A A A
Ray cell height 180 185,07+ 166,48+ 172,38+ 167,45+ 197,01+
(um) p=<0,000 44,73 B 37,10 A 46,43A 40,42 A 51,63 C ) 176,10
Number of 180 811,67+ 802,12+ 783,27+ 787,80+ 796,94+
tracheids / mm? P<0.048 | g983¢C | 9630AB | 9871A | 9775A | 10521aB | - | 615660
Number of ray 180 3,73£1,32 | 3,53+0,93 | 3,85+1,06 | 3,78+1,10 3,81£1,16
cells / mm p=<0.061 AB A B B B - 4,60
JTW: Juvenile Tree Wood (Akgiil and Tozluoglu 2009), MTW: Mature Tree Wood (Sariusta 2007), + indicates standard deviation.
Values with the same letter are statistically the same at the 0,05 significance level (Duncan’s test).

195
196

197  The highest tracheid length was detected in the samples of Bursa origin, the highest tracheid width,

198  tracheid lumen width, and ray cell height in those of Mugla origin, the maximum number of




199

200

201

202

203

204
205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

Maderas-Cienc Tecnol 23(2021):67, 1-20
Ahead of Print: Accepted Authors Version

tracheids per mm? in those of Balikesir origin, and the maximum number of ray cells per mm in
those of Bursa origin. In contrast, the lowest tracheid length was found in samples of Balikesir
origin, the lowest tracheid width, tracheid lumen width, ray cell height, and minimum number of
ray cells per mm in those of Bursa origin, and the minimum number of tracheids per mm? in those

of Denizli origin.

It was observed that the tracheid length, tracheid width, and tracheid cell wall thickness values of
the juvenile black pine from the origins in this study were higher than the values found by Akgiil
and Tozluoglu (2009). istek et al. (2010) stated that the tracheid fiber properties of black pine
significantly improve until the age of 90. Passialis and Kiriazakos (2004) reported that the tracheid
length of juvenile wood of naturally grown fir trees was shorter compared to mature wood. The
tracheid length and width of mature black pine were respectively found by Ata¢ (2007) as 2390
and 42,00 um and Ates (2004) as 2770 um and 40,60 um. These values are close or lower than
those of our juvenile wood of differing origins. Other studies of mature black pine (Goker 1969;
Erten and llter 1995) found higher tracheid length and width than in our juvenile pine. The lumen
widths obtained from this study, when compared with mature black pine values in the literature,
were determined to be similar (30,40 pm - Atag 2009), higher (27,32 um - Ates 2004; 27,75 pm -
Sariusta 2007), or lower (41,50 pum - Erten and Ilter 1995). Juvenile wood in our study showed
values lower than the ray cell height (176,10 pm) and number of ray cells per mm (4,60) reported
by Sarwsta (2007) for mature black pine. Goker (1969) determined 998 and 1030 tracheids per
mm? for mature black pines grown in Dursunbey and Elekdag, respectively. Giindiiz (1999)
published the number of tracheids per mm? as 1187 in Yenice mature black pine. These results

were higher than the number of tracheids per mm? of the juvenile black pine in this study.

10



Maderas-Cienc Tecnol 23(2021):67, 1-20
Ahead of Print: Accepted Authors Version

223 The arithmetic means and statistical analyses for the physical properties are displayed in Table 5.
224  Other than for tangential shrinkage, longitudinal shrinkage, and longitudinal swelling, significant
225  differences were detected in the physical properties of wood samples obtained from the juvenile
226  black pine of different origins.
227
228  Table S: Physical properties of juvenile black pine of different origins.
229
Phys1c2.11 No. of Pr Balikesir Bursa Denizli Kiitahya Mugla JTW | MTW
properties Samples
Air-dry 524 470 467 502 501
density 60 p<0,000 +33 +29 +40 +65 +37 464 -
(kg/m3) C A A B B
Oven-dry 496 438 439 474 473
density 60 p<0,000 +34 +27 +40 +63 +37 431 515
(kg/m*) C A A B B
Volume- 439 390 391 420 418
density 60 p<0,000 +28 +22 +33 +51 +29 381 470
(kg/m>) C A A B B
Tangential 6,32+0,64 | 6,24+0,88 | 6,00£0,68 | 5,99+1,01 | 6,34+1,24
shrinkage (%) | ©0 | p<0.088 A A A A A 778 | 6,67
Radial 4,10+0,82 3,70+0,53 3,52+0,46 3,94+0,85 3,87+0,56
shrinkage (%) | 00 | P=0:000 C AB A BC BC 370 | 394
Longitudinal 60 <0364 0,44+0,38 0,51+0,30 0,51+0,26 0,44+0,26 0,43+0,29 ) )
shrinkage (%) p=Y A A A A A
Volumetric 10,56 10,18 9,76 10,09 10,35
shrinkage (%) 60 p<0,07 +1,01 +1,06 +0,93 +1,52 +1,40 11,50 10,35
ge o B AB A AB B
Tangential 6,80+1,08 6,89+0,81 6,67£0,76 | 6,78+1,05 7,17+0,91
swelling (%) | %0 | p<0.08 A AB A A B 6,19 | 7,20
Radial 4,87+0,72 4,25+0,53 4,29+0,63 | 4,66+£0,96 | 4,70+0,63
swelling (%) 60 - B A A B B 4,04 411
Longitudinal 60 <0.305 0,78+0,32 0,87+0,32 | 0,79+£0,20 | 0,80+0,25 0,78+0,25 ) )
swelling (%) P& A A A A A
Volumetric 12,89 12,40 12,12 12,66 13,09
swelling (%) 60 p<0,002 +1,49 +1,07 +1,27 +1,83 +1,39 10,24 11,60
A BC AB A ABC C
JTW: Juvenile Tree Wood (Guler et al. 2007), MTW: Mature Tree Wood (Erten and Sézen 1994), + indicates standard
deviation. Values with the same letter are statistically the same at the 0,05 significance level (Duncan’s test).

230
231
232
233

234

The highest air-dry density, oven-dry density, volumetric density, radial shrinkage, volumetric
shrinkage, and radial swelling were found in samples of Balikesir origin and the highest tangential

swelling and volumetric swelling were in those of Mugla origin, whereas the lowest air-dry density,

11
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radial shrinkage, volumetric shrinkage, tangential swelling, and volumetric swelling were in
samples of Denizli origin and the lowest oven-dry density, volumetric-density, and radial swelling

appeared in those of Bursa origin.

The density (air-dry and oven-dry) and volume density values reported by Guler et al. (2007) in
juvenile black pine were lower than in the samples of Balikesir, Mugla, and Kiitahya origins, and
close to those of Denizli and Bursa origins. In addition, the wood-water relation of the juvenile
wood in this study indicated lower volumetric shrinkage and higher volumetric swelling compared
to the values published by Guler et al. (2007) in juvenile black pine. Bal et al. (2012) stated that
the density of juvenile Taurus cedar wood was lower than that of mature wood. Additional, Bao et
al. (2001) reported that, except for loblolly pine and slash pine, the density of other mature woods
of 10 tree species that grow naturally and in plantations was higher than in juvenile wood. Goker
(1969) determined the densities of mature black pine (air-dry and oven-dry) grown in Dursunbey
and Elekdag as 560 kg/m? and 520 kg/m? and 550 kg/m?® and 517 kg/m?, respectively. Giindiiz
(1999) found the air-dry and oven-dry densities of the mature black pine in Yenice as 590 kg/m?
and 540 kg/m>. The densities of the juvenile wood samples in our study were distinctively lower
than the values of Goker (1969) and Giindiiz (1999). Although the shrinkages of our juvenile
samples were lower than in the mature black pine in Dursunbey and Elekdag (13,19 % and 12,50
% - Goker 1969), they were close to the values of mature black pine in some studies (10,35 % —
Erten and Sézen 1994; 10,56 % — Giindiiz 1999; 9,93 % — Dogdii 2006). Moreover, when
comparing the swelling percentages, our juvenile samples demonstrated higher values than those
of mature black pine (11,60 % — Erten and S6zen 1994; 11,31 % — Gilindiiz 1999; 10,42 % — Dogdi

2006).

12
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259 It can be said that the densities of juvenile black pine of different origins were compatible with
260 those found in the literature, although their swelling properties were not (Bao ef al. 2001, Pikk and
261  Kasr 2006, Bal et al. 2012). It was expected that the wood originating from Balikesir, with the
262  highest number of tracheids per mm?, would also have the highest density.
263
264  The arithmetic means and statistical analyses of the mechanical properties are presented in Table
265 6. Significant differences were determined in the mechanical properties of wood samples taken
266  from the juvenile black pine of different origins.
267
268 Table 6: Mechanical properties of juvenile black pine of different origins.
269
Mechanical | No. of Pr Balikesir | Bursa Denizli | Kiitahya Mugla | JTW | MTW
properties Samples
Bending
strength 36 p<0,000 74,59+9,54 | 71,11£9,21 | 66,12+£8,12 | 72,57+14,75 | 78,01£9,89 79.01 119,91
BC B A B C
(MPa)
Modulus of 6756,07+ 6543,04+ 5666,02+ 6664,04+ 7571,68+
elasticity 36 p<0,000 1559,50 1097,26 1290,83 1730,85 1430,39 - 7061,75
(MPa) B B A B C
Compression
strength 36 p<0,000 47,79+8,31 | 43,57+£4,89 | 36,38+5,24 | 45,4948,71 | 45,01+6,74 4.4 56.93
C B A BC BC
(MPa)
JTW: Juvenile Tree Wood (Guler ef al. 2007), MTW: Mature Tree Wood (Giindiiz 1999), + indicates standard deviation. Values
with the same letter are statistically the same at the 0,05 significance level (Duncan’s test).

270
271
272
273
274

275

properties were found in those of Denizli origin.

The highest bending strength and elasticity module were seen in the samples of Mugla origin and

the highest-pressure strength in those of Balikesir origin, whereas the poorest mechanical

276

277

278

279

It was revealed that the bending strength of juvenile black pine reported by Guler ef al. (2007) was
similar to that of the wood of Mugla origin, but higher than the bending strength found for samples
of the other origins. The compression strength was higher than in the wood of Denizli origin, close

to the wood of Bursa origin, and lower than found in samples of the other origins.
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Gilindiiz (1999) reported the bending strength of mature black pine grown in Yenice as 119,90 MPa
and Goker (1969) reported bending strength in mature black pine in Dursunbey and Elekdag as
107,50 MPa and 92,87 MPa, respectively. The bending strength reached in both studies was much
higher than seen in our juvenile pine samples. However, the bending strength of mature black pine
(61,85 MPa) found by Erten and S6zen (1994) was lower than in the juvenile black pine in this
study. The elasticity module values (8995 MPa — 13242,30 MPa) determined in black pine wood
samples taken from different altitudes and bedrocks in the Alagam mountains by Sevgi et al. (2010)

were higher than the values found in the juvenile black pine in our work.

The compression strength of the samples of Balikesir, Kiitahya, and Mugla origins were higher
than in Goker's (1969) Dursunbey mature black pine (43,74 MPa) and close to that of Elekdag
mature black pine (46,97 MPa). In addition, the compression strength determined in Yenice mature
black pine (56,93 MPa) by Giindiiz (1999) was higher than found in the juvenile black pine in our
study.

In general, juvenile wood has lower mechanical properties than mature wood (Bao et al. 2001,
Passialis and Kiriazakos 2004, Pikk and Kasr 2006, Bal et al. 2012). Our results were similar to

those in the literature.

CONCLUSIONS
The trees originating in Mugla and Balikesir were superior in terms of wood properties, whereas
no prominent features were exhibited by the trees of Bursa and Kiitahya origins and those of Denizli

origin yielded the lowest density and strength values.

Juvenile wood is not sufficient for the log and timber industry because its diameter and strength

properties are lower than in mature wood. However, it is suitable for other industries where wood
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raw material is used. When the chemical, anatomical, physical, and mechanical wood properties of
our juvenile black pine were considered in terms of their origins, all of them were found to be
suitable for use in pulp and paper production and composite-board manufacturing. However, wood
of Mugla origin was found to be best for pulp and paper production and that of Balikesir origin for
composite board manufacturing. Furthermore, only Mugla and Balikesir origins were seen as the

best sources for small-diameter poles suitable for usage as mine poles, telephone poles, and such.

Considering wood properties and areas of usage, the pines originating in the Mugla region were
recommended for black pine plantations in Kavaklidere and similar habitats. However, because of
their good wood properties, it was understood that those of Balikesir origin might be an alternative
to the Mugla origin pines. Thus, the pines of Balikesir origin were the second choice after those of
Mugla origin for industrial black pine plantations. The proximity of Mugla to Kavaklidere and the
genetic characteristics of the pines originating in Balikesir may have enabled the trees of these two
provenances to exhibit better wood characteristics. On the other hand, the wood properties of the
Bursa and Kiitahya pines indicated no priority usage areas and the wood properties of the Denizli
pine were prominently lower than for the wood of the other origins. Thus, black pines of Denizli,
Bursa, and Kiitahya origins were not recommended for industrial planting in Kavaklidere or similar

environments.
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