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Avrticle Info ABSTRACT

Article type: Background and Objectives: Zagros forests are among the most
Full Length Research Paper  jmportant forest habitats in Iran, and various wild almond species are
considered key elements of this ecosystem. This study aims to investigate
Article history: the effect of habitat conditions on the physical properties of wood and the
Received: 02.09.2026 biophysical properties of fibers of Amygdalus elaeagnifolia in two habitats,
Revised: 03.02.2026 Choliche and Karebas, in Chaharmahal va Bakhtiari Province.
Accepted: 04.08.2026
Materials and Methods: Wood samples were selectively harvested from
healthy, same-aged trees at breast height. Properties such as dry density,
Amygdalus elasagnifolia critical basal density, swe_lling, shrinkage, and fiber charact_eristics (length,
Fiber biometry, ‘ diameter, and cell wall thickness) were measured. To examine the effect of
Habitat conditions, habitat on the physical and biochemical characteristics of A. elaeagnifolia,
Physical properties of wood  the data were first tested for normality using the Kolmogorov-Smirnov test
and for homogeneity of variances using Levene's test. When normality and
homoscedasticity were confirmed, means were compared using an
independent t-test. Where parametric assumptions were violated, the
non-parametric Mann-Whitney U test was used. Pearson correlation
coefficients were calculated to analyze relationships between variables, and
the correlation matrix served as the basis for identifying dominant axes of
change, allowing for examination of collinearity among traits and
determination of coordinated variable sets. Additionally, principal
component analysis (PCA) was applied to reduce data dimensionality and
identify principal components.

Keywords:

Results: Statistical test results showed that some physical and biochemical
properties of A. elaeagnifolia wood are influenced by habitat conditions.
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Differences observed in indices such as density and fiber structural
components between the two habitats confirm the role of environmental
factors, including climate, in determining wood properties. Correlations
indicated a direct dependence of mass on volume at all moisture levels,
suggesting that sample mass changes are mainly a function of volume
changes, consistent with the physical behavior of wood. The correlation
between dry density, wet density, and wet mass reflects the relative
stability of wood structure during transition from dry to wet conditions.
Critical basal density showed a strong positive correlation with fiber
diameter, indicating that thicker fibers tend to have thicker cell walls,
which increases basal density (dry mass per wet volume). Shrinkage and
swelling exhibited a strong positive correlation, demonstrating coherent
behavior: wood that shrinks more upon drying also swells more upon
moisture absorption. In biometric properties, positive and strong
correlations were observed (e.g.,, crown diameter with crown
cross-sectional area, and collar diameter with shoot height), indicating
simultaneous, proportional growth of different tree components. PCA
revealed that the first two components accounted for a major portion of
total variance. The first component was mainly influenced by wood mass,
volume, and density, while the second component was more associated
with swelling, shrinkage, and climatic factors. These results indicate that
separation of specimens and habitats is based not on a single characteristic
but on a combination of fiber and physical traits.

Conclusion: Overall, the results demonstrate that habitat conditions play a
decisive role in the variability of physical and biometric properties of
A. elaeagnifolia wood. These findings can inform understanding of the
species’ ecological potential, management planning, conservation, and
sustainable use of forest habitats in the Zagros region.
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Figure 1. Forest habitat of the Choliche region (A) and Karebas region (B).
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Table 1. Descriptive statistics of wood physical properties (mass and volume) of Amygdalus elaeagnifolia in two habitats.
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Table 2. Descriptive statistics of the physical properties of wood (density) of Amygdalus elaeagnifolia in two habitats.
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Table 3. Average volumetric shrinkage and swelling of wood and biomechanical properties of hardwood fibers
of Amygdalus elaeagnifolia in two habitats.
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Figure 2. Correlation matrix of key variables under study; in the heatmap of the correlation matrix, red colors
indicate positive correlation, blue colors indicate negative correlation, and the intensity of each color indicates
the strength of that relationship (CWT: cell wall thickness, FD: fiber diameter, FL: fiber length, a: shrinkage,
b: swelling, Db: critical base density, D24: normal density, V24: normal volume, M24: normal mass, Dw: wet
density, Vw: wet volume, Mw: wet mass, DO: dry density, VVO: dry volume, MO0: dry mass, h: jump height in
meters, Ac: crown cross-sectional area in square meters, Dc: crown diameter in meters, d: collar diameter in
centimeters, Temp: temperature in degrees Celsius, Precip: annual precipitation in millimeters).



0502 g ok e [ (LRmCan ) 9 (S GBS T (2U 5y

.C_}.wl.bo.}‘) aﬁiﬁ.ﬁ.\;e:- )U}Lw &L&.’JL’ L LQA.LS}A
o Sl Ogds aesls slal a8 (gl p b jlas
Sl e SN g e AL bl Sledbl
3 o AS.LAJL;a olis ngﬁ.ﬂl ijAJ BEXSE) Ji.sl.fu
G pseime psbay g o ol e
9 ol >yl Loy YAl )‘ JJVS “ JSU,M;L:)‘} )1
BLl JM LKJJJ.: G 41.««}:._{ C)J‘yﬂﬂu )L,\.E.a U‘i‘
Al o Jials (PC21 U PC15) el slaadl 5o
Cdes i sbaadd 3o a5 ol O Sls L, ol
U:"E EREEES L;’J} C)‘ﬂaj L.’. 6)LAT ﬁj.v JAL?-

LI Waesls Jltla S 5 (glediS fyens

Scree Plot - PCA
aon 28.8%

Explained variance (%)
=

Sloadlie o i {PCA) ool slasdlo Lo
Laosls (5 i il oS sl 0l (PCA) L
Byt s St dlge L b S sdas b
YAMA L (PCL) Jsl adlse (s Sl Sls sad Ll s
Ry s Aoy YY/E L (PC2) e3> dlje 5 Ao
53 ol s besls IS ilols 5 5 1) i
Lo JS Slesd 51 Aoy OV/Y g pame 55 adgs
5 Lol e 5 Sl S e
pre g Colansls IS S 6 eSS
Vo/8 L (PC4) ol e 5 o3 \YAL (PC3)
obols e 03 e S B e Olper 50 o
i sl i gople (8 5 Y b KE) wls
| esls IS uilsls 51,3 V0/0 (o sarms o

gl YL ol sasplis a5 ks e oS

7%0.6%0,3%0.2%0 1%0.1% 0% 0% 0% 0% 0%

PC1 PC2 PC3 PC4 PCS PCB PCT PC8 PCOPCIPC1IPCIPCIPCIPC1PCIPCIPCIPC1PC2IPC21
Component

&) o
Ad e A law g sddesls o bty e, 9 (PCA) Lol slaadd 5o o (5 Sl Hls ped ¥ S

Figure 3. Scree plot of principal component analysis (PCA) and percentage of variance explained
by each component.
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Figure 4. Contribution of variables based on loading intensity in the principal components of PCA analysis and
habitat separation; The length of the arrow for each variable in a biplot usually indicates the variance of the
variable in the space of the selected principal components. The longer the arrow, the greater the contribution of
that variable to the displayed principal components. The angle between two variable vectors indicates the
correlation between those two variables in the displayed principal components space. If the two vectors are close
together (small angle), they have a strong positive correlation. If the two vectors are perpendicular to each other
(angle = 90 degrees), the correlation is close to zero. If they are in opposite directions (angle ~ 180 degrees), they
have a strong negative correlation (CWT: cell wall thickness, FD: fiber diameter, FL: fiber length, a: shrinkage,
b: swelling, Db: critical basal density, D24: normal density, V24: normal volume, M24: normal mass, Dw: wet
density, Vw: wet volume, Mw: wet mass, DO: dry density, VO: dry volume, MO: dry mass, h: shoot height in
meters, Ac: crown cross-sectional area in square meters, Dc: crown diameter in meters, d: collar diameter in
centimeters, Temp: temperature in degrees Celsius, Precip: annual precipitation in millimeters).
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