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                                                                                                            Abstract
The effect of site variation on growth rate and physical and mechanical properties of Pinus eldarica was studied.  For this purpose, the number of 
fifteen normal trees from three sites (Valardeh, Bandebon, Benafeshdeh) that located in the forestry of Western Mazandran (North of Iran) was 
selected. Disks and logs of wood were sawn at breast height. The testing samples were prepared in radial axis of the tree from pith to the bark to 
determine growth rate and physical characteristics from mature wood to measure mechanical properties. The wood from Benafeshdeh (Site 3) had a 
high growth rate and low density and mechanical strength properties. The average annual ring width (growth rate) varied between the sites from 
2.56±1.73 to 4.15±2.37 mm. The mean oven dry density was 0.454±0.068 g cm-3, basic density 0.40±0.062 g cm-3 and volume shrinkage 11.25±2.35% 
in this material. The average weight density of the test samples (p

12
) was 0.531±0.065 gcm-3, modulus of elasticity (MOE) 59988.47±19479.89 kg 

cm-2, modulus of rupture (MOR) 714.82±212.92 kg cm-2 and maximum crushing stress 439.69±120.26 kg cm-2 in mature wood. In addition, effect of 
growth rate on the physical and mechanical properties of pine wood was observed. 
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Introduction
Parks and forestry offices have imported about 48 foreign species 
of fast-growing softwoods in Iran since 1956. It has embarked on 
their planting in different ecological conditions 28. One of the 
softwood species, which is planted in most points of Iran and has 
shown a good adaptability, is Pinus eldarica (from Georgia) of 
which a great amount have been planted. Debazac and Tomasson10

have known Pinus eldarica as a sub-species of Pinus brutia but 
Critchfiled and Little 8 consider it as a variety of Pinus brutia. The 
mechanical properties are controlled by anatomical characteristics 
such as wood density, grain angled, tracheid length and microfibril 
angle of the S

2
 layer in the cell wall 27. Wood formation is attributed 

to many factors including site, environment, genetics, stand 
conditions, management and age 25, 31. Wood density is a commonly 
used wood quality indicator that is related to other wood properties 
such as timber strength and shrinkage, as well as pulp yield and 
properties 14, 19. Wood density is mainly influenced by genotype, 
ageing of the cambium and growth rate. In conifers, increasing 
growth rate usually leads to a greater increase in early wood (low 
density) than in latewood (high density) formation and also delays 
the transition from juvenile wood to mature wood 15, 16, 29.
    Wood resistance to compression (as well as other physical and 
mechanical properties) depends also on its microstructure. 
Dimensions of individual structural elements of wood influences 
its strength, i.e. the more elements and the thicker their walls, the 
higher is wood strength. On the base of presented data21, it is 
stated that increase of wall thickness of late tracheids by 36% for 
pine wood and by 30% for larch wood, density increases, 
respectively, by 18% and 20% for larch wood, and density 
increases strength parallel and perpendicular to grain by 83% and 
70%. Cell size and relative cell dimensions have a major influence 

on the quality of pulp and paper products 6 and on solid wood 
products. Fiber length and width, wall thickness and lumen size 
have effects on the bulk, burst, tear, fold and tensile strengths of 
paper 31. However, there are definite correlations between tracheid 
length and certain lumber mechanical properties 5. Wood with 
long tracheid has greater tensile strength than wood with short 
ones 31. Also Omidvar 18 found positive and strong relationship 
between MOR and tracheid length of pine (Pinus taeda) wood . 
  This study focused on examination of  growth rate, physical and 
mechanical properties of pine wood from three different sites in 
western Mazandran province, which has been formed for 31 years 
in Iran. 

 Materials and Methods
Study material originates from fifteen trees of Pinus eldarica
sampled from the three sites of the western Mazandran province 
in north of Iran. These sites were Valardeh-Marzanabad   ( 1), 
Bandebon-Kelardashat (2) and Benafeshdeh (3). Pinus eldarica
was mixed with Pinus sylvestris and Picea abies at Site 2 and 
with Pinus sylvestris and Cupressus sempervirens at Sites 1 and 
3, respectively. The data on environmental conditions of the study 
locations are recorded in Table 1. 

Determination of growth rate and physical properties: Disks 
and logs of wood were sawn at breast height (about 1.3 m). A 10 
cm-thick disc was removed from breast height level to study growth 
rate and physical properties. On the disks prepared, the operations 
of dating and cross dating were done and annual width ring was 
determined using Lintab 5 ring width measuring system (Rinnteech 
Company, Germany) and normal binocular. 
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    Physical  properties (oven dry density, basic density and volume 
shrinkage) were determined according to ISO-3131 standard. The 
specimens were taken from radial axis of the tree from pith to the 
bark (in four geographical directions). 

Determination of mechanical properties: From each tree, two 
logs were removed from breast height, the first one 50 cm long 
and the second 15 cm, to calculate static bending (modulus of 
elasticity and modulus of rupture) and compression parallel to 
grain properties (maximum crushing stress), respectively. The 
specimens were taken from mature wood. The age demarcation 
point between juvenile and mature wood was estimated around 
25 years 7. The mechanical properties (static bending and 
compression parallel to grain) were determined according to 
ASTM-D143-94 standard (Second method).The specimens were 
conditioned in 65±3% RH and 20±2°C temperature for at least four 
weeks before testing, until the specimens were reached to the 
equilibrium moisture content of 12%. Load was applied in the 
tangential direction. 

Statistical analysis: Statistical significance of differences in the 
wood properties between the sites was analysed using ANOVA in 
a statistical program SPSS and categorized by Duncan’s multiple- 
range test. The results were considered at significance level of 
p≤0.05. Also relation between growth rate with physical and 
mechanical properties were determined using Pearson correlation 
coefficients at significance levels of  p≤0.05 and p≤0.01.

Results
Growth rate and physical properties: The annual ring width and 
density of fifteen stems at breast height were measured from pith 
to the bark (Table 2). The average annual ring width was 3.42±2.05 
mm, oven dry density 0.454±0.068 g cm-3,  basic density 0.40±0.062 
g cm-3 and volume shrinkage 11.25±2.35% in the material (Figs 1 
and 2). Differences between the sites were tested at the level of 
p ≤ 0.05 and significant distinctions were marked with letters a, b, 
c (Table 2). The slowest growth rate and the highest densities and 
volume shrinkage were found in Site 1. The effect of sites on the 
annual ring width and physical properties were statistically 
significant, but this difference in the densities and volume 
shrinkage between Sites 1 and 2 wasn’t significant at the level 
mentioned above. 

   The relation between the growth rate with physical properties 
of pine wood by Pearson correlation coefficients are shown in 
Table 3 (fifteen point is equal to the average of fifteen trees). 
According to this table, growth rate showed a negative correlation 
with physical properties and had weaker correlation between 
growth rate with volume shrinkage (r = 0.5) than oven dry density 
(r = 0.701) and basic density (r = 0.760). 

Mechanical properties:The mechanical strength properties of 
wood described by the MOR, MOE and MCS are presented in 
Table 4. The average modulus of rupture was 714.82±212.92 kg 
cm-2, Modulus of elasticity 59988.47±19479.89 kg cm-2, maximum 
crushing stress 439.69±120.26 kg cm-2 and weight density of the 
test samples (p

12
) 0.531±0.065 g cm-3 in mature wood (Figs 3-5). 

Differences between the sites were tested at the level of p≤0.05
and significant distinctions were marked with letters a, b, c (Table 
4). The influence of site on the MOE, MOR, MCS and weight 
density was statistically significant. The difference in the MOE, 
MOR and weight density of the test samples (p

12
) (exception MCS) 

between Sites 1 and 2 wasn’t significant. 
   The worst mechanical properties were found in the rapidly- 
growing Site 3 (clay-loam soil) which produced wood with the 

321Symbol 

BenafeshdehBandebonValardehSite

E 51° 14' E 51° 10' E 51° 18' Latitude

N 36° 30' N 36° 29' N 36° 27' Longitude

14001200500Altitude (m) 

313131Age

550534350rainfall (mm) 

9.69.814.42Temp ( °C ) 

Clay – loam Clay Silty-clay-loam Soil type 

Table 1. The environmental factors of the test areas and trees. 
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Figure 1. The effect of site on growth rate. 
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Figure 2. The effect of site on oven dry density. 
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Site Basic density (g cm-3) Oven dry density (g cm-3) Volume shrinkage (% ) Annual ring width (mm) 

1 0.435(0.066)
a   0.483(0.072)

a          12.42(2.27)
a     2.56(1.73)

a

2 0.409(0.032)
a   0.464(0.042)

a 11.60(2.02)
a 3.54(1.70)

b

3 0.358(0.057)
b 0.409(0.065)

b  9.93(2.07)
b 4.15(2.37)

c

Mean 0.400(0.062) 0.454(0.068) 11.25(2.35) 3.42(2.05)

Min  0.30 0.33 6.33 0.12 

Max  0.67 0.73 18.25 11.70 

Table 2. Average growth rate and physical properties (standard deviation) of  Pinus eldarica wood.
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lowest weight density. The strength properties were best on Site 
1, which produced wood with the highest weight density. 
     The relation between the growth rate with mechanical properties 
of pine wood by Pearson correlation coefficients are shown in 
Table 5 (fifteen point is equal to the average of fifteen trees). 
According to this table, growth rate showed a negative correlation 
with mechanical properties and had weaker correlation between 
growth rate with MOR (r = 0.366) than MOE (r = 0.864), MCS 
(r = 0.858) and weight density (r = 0.723). 

             Discussion
In this study, the growth rate, physical properties (oven dry density, 
basic density and volume shrinkage), static bending (modulus of 
elasticity and modulus of rupture) and compression parallel to the 
grain (maximum crushing stress) of pine wood in three sites were 
determined. Results showed that the effect of site on annual ring 
width was statistically significant so that the greatest and the 
lowest values were observed in Sites 3 and 1, respectively. The 
average annual ring width in three sites was 3.42 mm which is 
more than  in Azadi (2.60 mm), Chitgar  (2.75 mm) and Sorkh-Hesar 
(2.7 mm) located in Tehran 24 but less than in Zaghmarz (5.40 mm)11

and Chatan site (4.95 mm) 13. More variation in growth rate level in 
different sites is due to changes in weather conditions (temperature 
and rainfall) during the growing period 22.
   The average oven dry density was 0.454 g cm-3, basic density 
0.4 g cm-3 and volume shrinkage 11.60 % which is more than the 
average of these properties in Zaghmarz site. The average oven 
dry density in Zaghmarz 11 has been 0.396 g cm-3 and the basic 
density 0.383 g cm-3. The effect of site on the density and the 
volume shrinkage was statistically significant. The difference in 
the densities and volume shrinkage between Sites 1 and  2 was 
not significant. The mean annual ring width was lowest and the 
wood density and volume shrinkage greatest on Site 1. The 
volumetric shrinkage and swelling properties are affected by several 
wood factors such as heartwood-sapwood ratio, fibrillar angle on 
S

2
 layer etc. 3 but most important parameter affecting wood 

shrinkage is the wood density 12. It is generally believed that rapid 
growth rate results in low density and lower mechanical strength 
properties of wood but some exceptions have been reported 25.
Growth rate influence wood density because of the changes in 
the relative proportions of secondary cell wall and void volume 
(e.g. cell  lumen) 17, 25 and in the relative amount of chemical 
components of the cell wall  26. Also a major factor of site is soil  31,

variations in wood quality with tree growth are strongly 
related to physical and chemical properties of the 
soil  22. A low density may be obtained on sites with 
favorable soil properties for stand growth 9. In this 
study, types of soil from of all above sites are different. 
   In this study, the average MOE was 59,988.47 kg cm-2

and   weight density  of   the test   samples  (p
12

)   0.531 
g   cm-3 in mature wood. The  average modulus of  rupture 
was 714.82 kg cm-2 (71.4 MPa) that is more than in Tehran 

Volume shrinkage Basic density Oven dry density Properties

-0.500 ns-0.760*-0.701*Growth rate 
* Significant at level 5%, ns: not significant. 

Table 3. Pearson correlation for the relationship between growth 
rate and physical properties. 
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Figure 3. The effect of site on modulus of rupture. 
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Figure 4. The effect of site on modulus of elasticity. 
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Figure 5. The effect of site on maximum crushing stress. 

P12MCSMOEMORProperties

- 0.723*- 0.858**- 0.864**- 0.366 nsGrowth rate 1

MOR modulus of rupture, MOE modulus of elasticity, MCS maximum crushing stress, P
12

weight density of the test samples, ** Significant at level of 1%, * Significant at level of 5%, 
ns non-significant and 1 Average for the sampling rings after 25 rings from the pith. 

Table 5. Pearson correlation coefficients for the relationship 
between growth rate and mechanical properties. 

Site
Weight density 

 (g cm-3)

MOR

(kg cm-2)

MOE

(kg cm-2)

MCS

(kg cm-2)

1 0.578(0.076)
a 828.11(240.02)

a 71771.59(18844.29)
a 521.84(95.20)

a

2 0.545(0.048)
a 752.97(176.44)

a 67968(13282.94)
a 436.58(113.87)

b

3 0.486(0.036)
b  596.54(143.91)

b  45160.44(12932.76)
b  370.05(103.08)

c

Mean 0.531(0.065) 714.82(212.92) 59988.47(19479.89) 439.69(120.26)

Min 0.40 372 115871 220 

Max 0.71 1411 31690 689 

Table 4. Average mechanical properties (standard deviation) of Pinus
              eldarica.
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