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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. Thewood 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+1.73t04.15+2.37 mm. The mean oven dry density was 0.454+0.068 g cm3, basic density 0.40+0.062 g cmr® and volume shrinkage 11.25+2.35%
in this material. The average weight density of the test samples (p,,) was 0.531+0.065 gcm®, modulus of elasticity (MOE) 59988.47+19479.89 kg
cm2, modulus of rupture (MOR) 714.82+212.92 kg cm2 and maximum crushing stress 439.69+120.26 kg cm? 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

Parksand forestry officeshaveimported about 48 foreign species
of fast-growing softwoodsin Iran since 1956. It hasembarked on
their planting in different ecological conditions . One of the
softwood species, which is planted in most pointsof Iran and has
shown a good adaptability, is Pinus eldarica (from Georgia) of

which agreat amount have been planted. Debazac and Tomasson®®
have known Pinus eldarica as a sub-species of Pinus brutia but
Critchfiled and Little® consider it asavariety of Pinusbrutia. The
mechanical propertiesare controlled by anatomical characteristics
such aswood density, grain angled, tracheid length and microfibril
angleof the S, layer inthecell wall #’. Wood formation isattributed
to many factors including site, environment, genetics, stand

conditions, management and age 3. Wood density isacommonly
used wood quality indicator that isrelated to other wood properties
such as timber strength and shrinkage, aswell as pulp yield and
properties?**°, Wood density is mainly influenced by genotype,

ageing of the cambium and growth rate. In conifers, increasing
growth rate usually leadsto agreater increasein early wood (low
density) thanin latewood (high density) formation and al so delays
thetransition from juvenile wood to mature wood 51629,

Wood resistance to compression (aswell as other physical and
mechanical properties) depends also on its microstructure.
Dimensionsof individual structural elementsof wood influences
itsstrength, i.e. the more elements and the thicker their walls, the
higher is wood strength. On the base of presented data?, 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 sizeand relative cell dimensionshaveamajor influence
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on the quality of pulp and paper products ¢ 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 3. However, thereare definite correl ations between tracheid
length and certain lumber mechanical properties ®. Wood with
long tracheid has greater tensile strength than wood with short
ones *. Also Omidvar 8 found positive and strong relationship
between MOR and tracheid length of pine (Pinustaeda) wood .

Thisstudy focused on examination of growth rate, physical and
mechanical properties of pinewood from three different sitesin
western Mazandran province, which hasbeen formed for 31 years
inlran.

Materialsand M ethods

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-K elardashat (2) and Benafeshdeh (3). Pinus eldarica
was mixed with Pinus sylvestris and Picea abies at Site 2 and
with Pinus sylvestris and Cupressus sempervirensat Sites 1 and
3, respectively. The dataon environmental conditions of the study
locationsarerecordedin 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 wasremoved from breast height level to study growth
rate and physical properties. Onthedisks 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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Table 1. Theenvironmental factorsof thetest areasand trees. 45
Symbol 1 2 3 4 415
Site Valardeh Bandebon Benafeshdeh T 351
Latitude ES51°18' ES1° 10" ESI° 14 E 4 354
Longitude N 36°27' N 36°29' N 36° 30" £
Altitude (m) 500 1200 1400 S 251
Age 31 31 31 > L] 256
rainfall (mm) 350 534 550 =
Temp ( °C) 14.42 9.8 9.6 g 151
Soil type Silty-clay-loam Clay Clay — loam Z 1
Physical properties(oven dry density, basic density and volume 051
shrinkage) were determined according to | SO-3131 standard. The 0 Stel Stez Ste3
specimensweretaken fromradial axisof thetreefrom pith tothe Ste
bark (infour geographical directions). Figure 1. The effect of site on growth rate.
Determination of mechanical properties. From each tree, two 9
logs were removed from breast height, the first one 50 cm long ~ 048
and the second 15 cm, to calculate static bending (modulus of 5 046 0483
elasticity and modulus of rupture) and compression paralel to = :
grain properties (maximum crushing stress), respectively. The "g 0444 0464
specimens were taken from mature wood. The age demarcation S 042
point between juvenile and mature wood was estimated around S
25 years 7. The mechanical properties (static bending and g 04 e
compression paralel to grain) were determined according to 038 |
ASTM-D143-94 standard (Second method).The specimenswere
0.36

conditionedin 65+3% RH and 20+2°C temperaturefor 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.

Satistical analysis: Satistical significance of differencesin the
wood properties between the siteswas analysed using ANOVA in
astatistical program SPSS and categorized by Duncan’smultiple-
range test. The results were considered at significance level of
p<0.05. Also relation between growth rate with physical and
mechanical propertieswere determined using Pearson correlation
coefficientsat significancelevelsof p<0.05and p<0.01.

Reaults

Growth rateand physical properties: Theannual ring width and
density of fifteen stemsat breast height were measured from pith
tothebark (Table2). Theaverage annual ring width was 3.42+2.05
mm, ovendry density 0.454+0.068 g cm?, basic density 0.40+0.062
g cmr® and volume shrinkage 11.25+2.35% in themateria (Figs 1
and 2). Differences between the sites were tested at the level of
p <0.05 and significant distinctionswere marked with letters a, b,
¢ (Table2). The slowest growth rate and the highest densitiesand
volume shrinkage werefound in Site 1. The effect of siteson 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.

Sitel Site2

Ste
Figure 2. The effect of site on oven dry density.

Site3

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).
Accordingto thistable, growth rate showed anegative correlation
with physical properties and had weaker correlation between
growth ratewith 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
cm2, Modulus of elasticity 59988.47+19479.89 kg cnmr?, maximum
crushing stress 439.69+120.26 kg cm2 and weight density of the
test samples (p,,) 0.531+0.065 g cm®in mature wood (Figs 3-5).
Differences between the sites were tested at the level of p<0.05
and significant distinctionswere marked with lettersa, b, ¢ (Table
4). The influence of site on the MOE, MOR, MCS and weight
density was statistically significant. The differencein the MOE,
MOR and weight density of thetest samples (p,,) (exceptionMCS)
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

Table 2. Average growth rate and physical properties (standard deviation) of Pinus eldarica wood.

Site Basic density (g cm®)  Oven dry density (g cm>)  Volume shrinkage (%)  Annual ring width (mm)
1 0.4359,066)" 0.483(9,072)" 12424 57" 2.56(1.73)"

2 0.4099.032)" 0.464.042)" 11 ~60(z‘ozga 3.540.70)

3 0.3580.057)" 0.4099 o6s)” 9.932.07) 415037

Mean 0.400( 062, 0.454 63 11.254,35 342005

Min 0.30 0.33 6.33 0.12

Max 0.67 0.73 18.25 11.70
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Figure 3. The effect of site on modulus of rupture.
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Figure4. The effect of site on modulus of elasticity.
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Figure5. The effect of site on maximum crushing stress.

Table 3. Pearson correlation for the rel ationshi p between growth
rate and physical properties.

Properties Oven dry density  Basic density ~ Volume shrinkage

Growth rate -0.701* -0.760* -0.500 ™

* Significant at level 5%, ns: not significant.

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

lowest weight density. The strength properties were best on Site
1, which produced wood with the highest weight density.

Therelation 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 thistable, growth rate showed anegative 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) andweight density (r =0.723).

Table5. Pearson correlation coefficientsfor therelationship
between growth rate and mechanical properties.

Properties MOR MOE MCS Py,
Growthrate!  -0366™ -0.864  -0.858"  -0.723

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

Discussion

Inthisstudy, thegrowth rate, physical properties (ovendry density,
basic density and volume shrinkage), static bending (modulus of
elasticity and modul us of rupture) and compression parallel tothe
grain (maximum crushing stress) of pinewood inthreesiteswere
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 annua ring width in three sites was 3.42 mm which is
morethan inAzadi (2.60 mm), Chitgar (2.75mm) and Sorkh-Hesar
(2.7mm) located in Tehran # but lessthan in Zaghmarz (5.40 mm)*
and Chatan site (4.95 mm) 22, Morevariationingrowthratelevel in
different sitesisdueto changesin weather conditions (temperature
and rainfall) during the growing period %.

The average oven dry density was 0.454 g cn®, basic density
0.4 g cm® and volume shrinkage 11.60 % which ismore than the
average of these propertiesin Zaghmarz site. The average oven
dry density in Zaghmarz ** has been 0.396 g cm and the basic
density 0.383 g cm?®. The effect of site on the density and the
volume shrinkage was statistically significant. The differencein
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 propertiesare affected by severd
wood factors such as heartwood-sapwood ratio, fibrillar angleon
S, layer etc. ® but most important parameter affecting wood
shrinkageisthewood density 2. Itisgenerally believed that rapid
growth rateresultsin low density and lower mechanical strength
properties of wood but some exceptions have been reported 2.
Growth rate influence wood density because of the changesin
the relative proportions of secondary cell wall and void volume
(e.g. cell lumen) % and in the relative amount of chemical
componentsof thecell wall %. Also amajor factor of siteissoil %,
variationsinwood quality with tree growth are strongly

edarica. related to physical and chemical properties of the

Site Weight density MOR MOE MCS fson ab'IA '°".V| dens tyt_ma); bes?btzl ned otr;]sgtels V;’r']th
(g cm”) (kg om?) (kg om?) (kg em?) avorable soil properties for stand growth °. In this

1 0.578 0076 828.11a00n)  71771.59 5540207 521.8400520) study, typesof soil from of all above sitesare different.

2 0.5450 048" 752.97 176 40" 67968 13282.94)" 436.58(113.87)" Inthis study, the average M OE was 59,988.47 kg cm?

3 0.486(0.03)" 596.54(14301) 4516044 (1203276 3700510308 and weight density of thetest samples (p,,) 0.531
ﬁfﬁ“ 0'5(3) 14{%-065> 714'2%‘2-9” 5998?;;%(7191479-39) 439.6902026) g cminmaturewood. The averagemodulusof rupture
Max 071 1411 31690 was 714.82kg cm? (71.4 MPa) that ismorethanin Tehran
1060 Journal of Food, Agriculture & Environment, Vol.8 (2), April 2010



site (670 kg cm?) 2, Also modulus of rupture of this speciesis
morethanin other speciessuch asPinusjefferyi (64.1 MPa), Pinus
contorta (64.8 MPa) and Pinus banksiana (68.3 MPa) but less
than in some speci es such as Pinus yunanesis (100.8 MPa), Pinus
virginiana (89.6 MPa), Pinus palutris (100 MPa), Pinus dlliotti

(112MPa), Pinusrigida (74.5MPa), Pinusresinosa (75.8 MPa),
Pinus massoniana (76.5 MPa) and Pinus echinata (90.3 MPa) 1,
Thelowest MOR (596.54 kg cn?), MOE (45160.44 kg cn?) and MCS
(370.05 kg cnr?) were recorded on Site 3, which produced wood
withthelowest weight density (p,,) (0.486 g cm®) and showed the
highest growth rate (4.15 mm). The variationsin the mechanical

propertiesin the same speciesaredueto different factors, such as
growth conditions and ecological factors. In particular, altitude
and soil and climate conditions can affect the mechanical properties
of wood “.

Conclusions

Thisstudy indicated that pinetreesfrom three sites had different
wood properties so that the growth rate (Site 3), density and

mechanical properties (Site 1) were greater. These differencesmay
be explained by some regional conditionsthat affect the growth
characteristicsand properties of thewood. The pinewood planting
in Sites 1 (silty-clay-loam soil) and 2 (clay soil) (because there
aren’'t difference in density and mechanical properties between

Sites 1 and 2) dueto high density and mechanical properties can
be utilized in structura applicationsthanin other sites. Thisspecies
has ability to grow in silty-clay-loam and clay soils with no

influence in wood quality. Therefore, plantation of this species
should be considered for Kelardashat and Marzanabad regionin
north of Iran.
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