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Background and Objectives: Understanding the variation patterns in leaf
morphological traits under different climatic conditions is essential for
predicting plant adaptation and performance. This study aimed to examine
the quantitative variation of leaf traits and their interrelationships
across five distinct climatic zones of Iran: semi-arid, arid, Mediterranean,
semi-humid, and very humid.

Materials and Methods: The Zagros forests in western and southwestern
Iran, characterized by diverse climatic conditions and the dominance of
Brant’s oak (Quercus brantii), provide a suitable setting for ecophysiological
studies. The research was carried out in Ilam and Kurdistan provinces,
which exhibit pronounced differences in temperature and precipitation.
Climatic data were collected from 14 meteorological stations, and the de
Martonne aridity index was calculated to classify the region into the five
climatic zones mentioned above. Leaf sampling was conducted during the
summer of 2023, at the peak of the growing season, across 15 sites
representing distinct climatic conditions. At each site, five healthy mature
trees were selected, and 15 leaves were sampled per tree. Morphological
traits, including leaf length, width, fresh and dry weights, leaf area, and
water-related indices, were measured using standard instruments and
protocols. Data normality was assessed using the Kolmogorov—Smirnov
test. Analysis of variance (ANOVA) was performed in SPSS, followed by
Duncan’s multiple range test for mean comparisons. Pearson correlation
was used to examine trait interrelationships, and principal component
analysis (PCA) was conducted in R software to identify overall variation
patterns.

Results: Leaf length was highest in the very humid zone (8.52 mm) and
lowest in the semi-humid zone (7.22 mm). Leaf width peaked in the very
humid (4.17 mm) and arid (4.11 mm) zones, while petiole length reached
its maximum in the sub-humid zone (1.34 mm). Leaf area was greatest
in the Mediterranean (29.85 c¢cm?) and very humid (28.44 cm?2) zones.
Maximum fresh leaf weight occurred in the very humid zone (0.62 g),
whereas maximum dry leaf weight was found in the semi-arid zone
(0.41 g). Specific leaf dry weight was highest in the semi-arid zone (0.167
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g cm™2) and lowest in the Mediterranean zone (0.092 g cm™). Leaf
moisture content reached its maximum in the Mediterranean (46.39%) and
very humid (44.36%) zones and its minimum in the semi-arid zone
(25.54%). Leaf water content (0.28%) and relative leaf water content
(36.95%) were both highest in the very humid zone. Correlation analysis
showed that most traits were positively and significantly correlated across
climatic zones, except petiole length in the semi-arid zone, which displayed
no significant association.

Conclusion: The results demonstrate that climatic variation significantly
affects leaf morphological traits. Moreover, the close interrelationships
among these traits suggest that they operate as part of a coordinated
adaptive network, reflecting plant strategies for coping with diverse
environmental conditions.
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Figure 1. Study areas and the location of meteorological stations; Maps of Iran (A), Kurdistan Province (B),
and llam Province (C).
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Table 1. Characteristics of Sampling sites and climatic classifications of the five study regions.
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Table 2. Morphological characteristics, measuring units, formula and the roles and importance of the features
of Brant's oak (Quercus brantii) leaves.
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Measurement method/ Formula

T Ny N & IERS KURNERIRE
Indicates leaf size and photosynthetic surface
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(INSIZE) with 0.02 mm accuracy
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Weighing fresh leaves using A&C-
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Figure 2. Comparison of morphological traits of Persian oak (Quercus brantii) leaves in five different climates:
semi-arid, arid, Mediterranean, sub-humid and very humid. Leaf length (LL), leaf width (LW), petiole length (PL),
leaf fresh weight (FLW), leaf dry weight (DLW), leaf area (LA), specific leaf dry weight (SLDW), leaf moisture

content (LMC), leaf water content (LWC) and leaf relative water holding capacity (RWC). Different letters on the
columns indicate significant differences between climates at the 1% probability level based on Duncan's test.
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Figure 3. Correlation matrix between morphological traits of Persian oak (Quercus brantii) leaves in five
different climates: semi-arid, arid, Mediterranean, sub-humid and very humid. Leaf length (LL), leaf width
(LW), petiole length (PL), leaf fresh weight (FLW), leaf dry weight (DLW), leaf area (LA), specific leaf dry

weight (SLDW), leaf moisture content (LMC), leaf water content (LWC) and leaf relative water holding
capacity (RWC). The symbols * and ** indicate significant correlations at the 5% and 1% probability levels.
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Figure 4. Principal component analysis (PCA) of morphological traits of Persian oak (Quercus brantii) leaves in five
different climates: semi-arid, arid, Mediterranean, sub-humid and very humid. Leaf length (LL), leaf width (LW),
petiole length (PL), leaf fresh weight (FLW), leaf dry weight (DLW), leaf area (LA), specific leaf dry weight (SLDW),
leaf moisture content (LMC), leaf water content (LWC) and relative leaf water holding capacity (RWC).
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