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Background and Objective: Physical, biometric, and mechanical properties of
wood are important indicators for assessing the quality and potential industrial
and ecological applications of different wood species. Juniperus excelsa, due to
its slow growth and unique cellular structure, exhibits distinctive characteristics
in terms of density and mechanical strength. However, limited information is
available regarding the variation of these properties along radial and longitudinal
axes of the tree stem. This study aimed to investigate and analyze the changes in
physical, biometric, and mechanical properties of J. excelsa wood along radial
and longitudinal axes, and to identify patterns of variation from pith to bark and
from the base to the top of the stem.

Materials and Methods: Three healthy J. excelsa trees were selected in the
Hezar Masjed Mountains (Darghaz, Iran), and three stem sections were collected
from each tree at breast height (1.3 m), 3 and 6m height. From each stem section,
three radial samples from pith to bark were prepared for measuring physical
properties (air-dried density, basic density, and volumetric shrinkage), biometric
properties (tracheid length, tracheid diameter, and cell wall thickness), and
mechanical properties (bending strength and modulus of elasticity). Data were
analyzed using two-way ANOVA to examine the effects of radial and
longitudinal positions on wood properties.

Results: The mean air-dried density and basic density, and volumetric shrinkage
were 0.442 and 0.413 g/cm?®, and volumetric swelling was 10.80%, respectively.
Tracheid length, tracheid diameter, and cell wall thickness were 1.572 mm,
31.41 pm, and 5.58 pum, respectively, while bending strength and modulus of
elasticity were 41.66 MPa and 4.47 GPa. The study demonstrates that physical,
biometric, and mechanical properties of J. excelsa wood are strongly influenced
by the sampling position along radial and longitudinal axes, with identifiable
patterns from pith to bark and from the base to the top of the tree.

Conclusion: These findings provide valuable information for industrial
applications of J. excelsa wood and sustainable management of its forest
resources.
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Table 1- ANOVA results of physical properties of Juniperus excelsa

VS BD WD df Source
Sig F Sig F Sig F
0.007* 5.317 0.011 5.997 0.049** 2.77 2 Stem height (A)
0.001* 58.902 0.001 67.563 0.001* 71.49 2 Cross section (B)
0.005* 4.073 0.047 3.909 0.021%*%* 3.05 4 Bx A

WD: oven-dried density, BD: basic density, VS: volumetric swelling,

* Significant at 1%, ** significant at 5%, ns: not significant
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Table 2- Physical properties along radial and longitudinal directions of Juniperus excelsa

Stem height (m) Radial direction WD BD VS
1.30 Pith 0.49 0.47 9.8
Middle 0.46 0.40 10.6
Bark 0.40 0.39 12.2
3 Pith 0.49 0.48 9.6
middle 0.45 0.41 10.90
Bark 0.39 0.36 10.90
6 Pith 0.49 0.47 9.6
middle 0.41 0.38 11.30
Bark 0.40 0.36 12.50
Average in axial 1.30m 0.450 a 0.420 a 10.86 ab
direction 3m 0.443 b 0.416 a 10.46 b
6m 0.433b 0.403 b 11.13 a
Average in radial Pith 0.490 a 0475a 9.60 ¢
direction Middle 0.440 b 0.396 b 1093 b
Bark 0.395¢ 0.370 ¢ 11.86 a
* Duncan’s grouping shows by small letters
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Table 3- ANOVA results of biometry properties of Juniperus excelsa

CWT TD TL df Source
Sig F Sig F Sig F
0.045%* 2.620 0.024%** 391 0.001* 4911 2 Stem height (A)
0.042%** 2.461 0.001* 19.39 0.001* 20.973 2 Cross section (B)
0.018** 3.170 0.018** 3.17 0.001* 14.95 4 AxB

TL: tracheid length, TD: Tracheid diameter, CWT: cell wall thickness,
* Significant at 1%, ** significant at 5%, ns: not significant
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Table 4- Biometry properties along radial and longitudinal directions of J. excelsa

Stem height (m) Radial direction TL (mm) TD (um) CWT (um)
1.30 Pith 1.361 28.17 5.30
Middle 1.715 30.37 5.12
Bark 1.974 36.20 7.28
3 Pith 1.614 25.30 5.35
middle 1.545 30.44 5.49
Bark 1.676 32.21 5.90
6 Pith 1.429 29.62 5.22
middle 1.574 30.57 5.18
Bark 1.625 32.18 6.02
Average in axial 1.30m 1.683 a 31.58a 590a
direction 3m 1.611b 2931Db 5.58Db
6m 1.542 ¢ 30.79 a 5470
Average in radial Pith 1.468 ¢ 27.69b 5.03b
direction Middle 1.611b 33.46a 5.26b
Bark 1.758 a 3353 a 6.39a
* Duncan’s grouping shows by small letters
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Table 5- ANOVA results of mechanical properties of J. excelsa

Source df MOE MOR
F Sig F Sig
Stem height (A) 2 8.178 0.009* 51.61 0.001*
Cross section (B) 2 29.630 0.001* 14.796 0.001*
Bx A 4 2.795 0.092m 1.619 0.262m™

* Significant at 1%, ** significant at 5%, ns: not significant
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Table 6- Mechanical properties along radial and longitudinal directions of J. excelsa
Stem height (m) Radial direction MOE (GPa) MOR (MPa)
1.30 Pith 5.15 63.65
Middle 4.80 54.55
Bark 4.45 49.00
3 Pith 5.00 45.05
middle 4.55 44.65
Bark 4.30 36.65
6 Pith 4.80 40.10
middle 4.65 24.00
Bark 3.55 17.30
Average in axial 1.30m 4.80 a 5573 a
direction 3m 461 a 42.11b
6m 433D 27.13 ¢
Average in radial Pith 4.98b 49.60 a
direction Middle 4.66b 41.06 b
Bark 4.10 a 3431 c
* Duncan’s grouping shows by small letters
b\y@wtyfu‘gpawa»uf&wh Qz’,

ol 4 &Sl (O 0900) G e o 2l e
S o St (Jlie 2 st e axels
ol b e Gl G a4 sae 5l WS e Ll Azl
oo 28 51 2l Baas @l sz 53 (SaeiSen il 5
b o (ol gl sloe ool ©ozps 0 oo (2l A
3 i s Jobe sl 2Uly os 3 S0l 4 da
sl a8 (SaetSn 5 ams o (2281, O ol

.(Walker, 2006) ,\;.'Sga

2o e Sl anedls 5 Sas andls Sk

Sosba b o a8 s YL 4 b 5l Jsb e
FERUK IR Pt gl 5o andls uolde oy iy
P vS/.,\M...Sr,.n Ol s X g oo sdnline 5 e t\iz’;)\
L o e R e I SR S ssme 5
YL b is s olsr ©ox e ssa 5l paUeny
slge pazi 5 0lsx sz o Formds S sl 2l 30 a
adls pralS cel &Sl s b plal 5o ol Sl
ool esr s P gl s e L;"\""“Sf"h ol

5 S S Lol e Sl G ()

3 f\*w 097 )° )gﬁ -»\-?w-w‘}“ BL u«u‘ Lo us‘“&"‘
Sl &t gl 3 G el ol by Lok
oy L350 gl (Rl 31 g 035 2t 0950 052
Sidnid 5 S Gi Csross il Ll ol
3 51 i 3l pn a4 48 el e S
Ol i e 5 Sos ol o Cuglie 5 YU b
b 5 Gom Ui oz osn (Jilie s o Slajss
Sadisi 3l s eog P ot JUs Uy o cd a5

~-\A"~‘\e@ D35 1 sz 4 Sad YL

Ab o SHiSen 5 anils $b S5 1 S ool
O 4 5 Job s elad Cumbse ale odmie Julse
2 5ws S s S35 5 (ol saal slge ol i smalS
.(Panshin and de Zeeuw, 1980) s,ls |3 bJsu

Jsme 50 s Andly aS e e las sasdl)) saesls
Agad --\e\e.@ DS gy a4y jre ) 6;\,“
B pf VAL REPSFASTIRYA 7 IS R JERPCIO] ERg R
Syse 0 Ny oeed Gl aBly alS CaSe e sl



el @z SO 5 G (S ol s

YeA

ol Lo SO sl 4 w85 &b <
lss Cuss o4 3Ll b als 8-55)‘
el 2l &) g0 fdse ol 5 a8k a8 ol
w5 Vb b it s o ) 5 Jsb 5 Jk sl
Ol s ) qu“; e .(Fournier et al., 2019) &S s 55 »

Ll a ol b Job oo 5o e ol
b Sl 53 onge 28 Jale al 31> Cod (ST
s VL b s s S e W) (6 e duvg}.}
QSJM«\..& SLussdme 5 o3y ol sS u.j Jsl s
4 5L s s il e 2l ol b s 4 cos
g 7S OF JUsl Gl a3 o il slaas] 5
) s> -’JJT ehB s el At aas ol
ol Job Ll s wlesls ol (b 5 o8 5 e
Sl gl plaea wls o YL Slels)) o e
Dol s s s sl 5 O Q) QWS e s e
Sz yam wge il 3l (Kochetal., 2004) 5 pi ks
Sy Ll 5l R S VL bl s ol
Cor Sosba wwl ws Job sl 5o s s e
Sloo,lgs oliS Glanssl 5 lls 513 Hsba olse
W [P | P VRGN P W Syl Jlsle 5 550
Jsb 2l Lsma av B sl i o ol ade
Olalllas S o a5 | Guliod opl o saenlie 48] 5

Siesm o2lex 5o Job Olum & Wlesls gl sl

2 Bl sr & olsr war S et 3l 5L baes

ol Ll | oS (Hein ef al, 2018) ol 45 5 youo slizal

Al S s andly s 5 e 215

FRRRK CEUK 3§ PRVIPRPTAC | [ PRI St CORp Je
S dob e 03 5 G S 4 e Bl Lo e e
3oy aziyd Snsonlcsl S es s Y a gl
Cond G0 2520000 b Sl sad e Gz g0
el oph a8 aBl nlBl eny a3 S
33, S 0 Sl slaceagl e )58l
.(Machado and Cruz, 2005)

ot ol G2l GU sl IS, by 1 20 5 o) 55
5 B s Ve 5 B Wy S
b By Jsb sds G o OY¥pans
Coaglie  Johw o i las o3luil 5 Johe ol s culis
S aslie 5 (So,500 a8 5 4 conslis (SO &
&S sl ples c,\.,.. .Ona et al., 2001) el 3 &8

S S | I S O R P S P T S
Caalnd aSs,5bay )l amin il Xy, (Cwy
UGPSR I VL S PPNV 5 = S WA PO
o) olde iy sl glas (ool pme il 3 cnyy
Jlsl Kl S o) as sanlie Cow gy 4l o b S5
2 oS sl S sl Jl Csr 4 ol wsz Ol o
Cresm A bl wn 4 Koy 2l
Soo,lgs 5 i B8 5 Job b 5 eap sasl ol
5 oS (SOdn Pk 4 e ol s Sess
St 5o Johe 28wl 5 O Jlasl WL a5l
Tichi 2022; Zobel and ) 552 0 o5ls G 4T S,

.(Van Buijtenen, 1989

ol gl ol L a8 sl olas Liagg ool gl
5 Gk ol culis Jolo G s imesm s S
SIss il o 228 (s gae Hsba a5 b
olas asx 5l ekl 5 sgame Ol oSl L
PP Goj:\ﬂ apey 5o el Olalllas b Wy, cpl aes e
polS S5 ok s o AL Rl 5 2l il
Ui 53 o senlS 8855 sbay sl Jole sla) ;s
oy b pbdde i cwss M4 oas 0L
AS e My Fpe2 sesles 5 5L g;-*w&:l’
by gogy ok ple VL olely)) s S L s
Cuny et al., ) xL o a8 bl olg slal 5 suz
el clbise ((SOKG s8us 3l ames (2015
i 5 ol sl Jesd 3 1) g op iy S50
T3] S R v W I P E N A R TS PR -1
il Al a8 Wlosls plas i laies s s izl
ol 5o sl sole dob s Jske il calss



R.L.F.R

Y-q \Y'O‘\ﬂa)\.&w;f\)la‘uljl)ﬁgjuﬁrjkumutw 9

References

-Adamopoulos, S. & Koch, G.,2011. Wood structure and
topochemistry of Juniperus excelsa. IAWA Journal,
32(1), 67-76. https://doi.org/10.1163/22941932-
90000045

-Cuny, H.E., Rathgeber, C.B.K., Frank, D., Fonti, P. &
Fournier, M., 2015. Kinetics of tracheid development
explain conifer tree-ring structure. New Phytologist,
203, 1231-1241.

-Emami, S.A., Abedindo, B.F. & Hassanzadeh-Khayat,
M., 2011. Antioxidant activity of the essential oils of
different parts of Juniperus excelsa M. Bieb. subsp.
excelsa and J. excelsa M. Bieb. subsp. polycarpos (K.
Koch) Takhtajan (Cupressaceae). Iranian Journal of
Pharmaceutical Research, 10, 799-810.

-Fournier, M., Stokes, A., Coutand, C., Fourcaud, T. &
Moulia, B., 2019. Tree biomechanics and growth
strategies. Frontiers in Plant Science, 10, 1-18.

-Franklin, F.L., 1946. A rapid method for softening wood
for microtome sectioning. Tropical Woods, Yale
Univ. Sch. For., 88, 35-36.

-Hein, P.R.G., Brancheriau, L. & Chaix, G., 2018. Radial
and axial variation of wood properties in fast-growing
trees. Annals of Forest Science, 75, 1-13.

-Holracek, P., 2003. Wood structure: A tool for
evaluating in growing conditions of Norway spruce.
Ekologia, 23(3), 147-162.

-Karimi, A., Talaei, A. & Toutounjanian, A., 2006. Atlas
of world commercial woods. Aijzh Publication.

-Koch, G.W,, Sillett, S.C., Jennings, G.M. & Davis, S.D.,
2004. The limits to tree height. Nature, 428, 851-854.

-Machado, J.S. & Cruz, H.P., 2005. Within-stem
variation of maritime pine timber mechanical
properties. Holz Als Roh- und Werkstoff, 63, 154—
159.

-Mdawar, M., Balanzategui, D., Touchan, R., Ziaco, E.,
Dorado Lifian, I., Helle, G. & Heinrich, 1., 2025.
Quantitative wood anatomy of Juniperus excelsa
from Lebanon as a potential hydroclimate archive.
Frontiers in Plant Science, 16, 1558570.-
https://doi.org/10.3389/fpls.2025.1558570

ST ey i i b

-Ona, T., Sonoda, T., Ito, K., Shibata, M., Tamai, Y.,
Kojima, Y., Ohshima, J., Yokota, S. & Yoshizawa,
N., 2001. Investigation of relationship between cell
and pulp properties in Eucalyptus by examination of
within-tree property variations. Wood Science and
Technology, 35, 363-375.

-Panshin, A.J. & de Zeeuw, C., 1980. Textbook of wood
technology. 4th ed. McGraw-Hill.

-Pourtahmasi, K., Parsapajouh, D., Marvi Mohajer, M. &
Ali-Ahmad-Korouri, S., 2008. Evaluation of Juniper
trees (Juniperus polycarpos C. Koch) radial growth
in three sites of Iran by using dendrochronology.
Iranian Journal of Forest and Poplar Research, 16(2),
327-342.

-Rostamikia, Y. & Zobeiri, M., 2013. Study on the
structure of Juniperus excelsa Beib. stand in
Khakhalprotected forests. Journal of Wood & Forest
Science and Technology, 19(4), 151-162. (In Persian)

-Safdari, V., Eskini, N., Tajdini, A. & Bayramzadeh, V.,
2012. Effect of soil erosion on anatomical
characteristics of root and bark of Juniperus excelsa.
Iranian Journal of Wood and Paper Science Research,
27(4), 569-583.

-Shirzad, M.A. & Tabari, M., 2000. Effect of some
environmental factors on diversity of woody plants in
Juniperus excelsa habitat of Hezarmasjed Mountains.
Iranian Journal of Biology, 24(6), 800—808.

-Tichi, A.H., 2022. Assessment of the differences
between juvenile and mature woods of Populus alba
trees in the longitudinal and radial axes of the stem.
BioResources, 17(1), 1385-1396.

-Toghraie, N., Hosseinzadeh, A. & Keimosa, K. 2002.
Juniperus exelsa L.: Wood structure and physical
properties in Irano-Torani region. Iranian Journal of
Wood and Paper Science Research, 6(15): 20-31.

-Walker, J.C.F. (Ed.). 2006. Primary Wood Processing:
Principles and Practice. 2nd ed. Springer, Dordrecht,
The Netherlands, 596 pp

-Zobel, B. & Van Buijtenen, B., 1989. Wood variation:
Its causes and control. Springer Verlag.


https://doi.org/10.1163/22941932-90000045
https://doi.org/10.1163/22941932-90000045
https://doi.org/10.3389/fpls.2025.1558570

