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Table 1. Basic information on the geographical location and annual climatic parameters of the two studied stands
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Figure 1. Two colored stars indicate the location of the studied stands in Ilam County on the map of Ilam
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Table 2. Morphological characteristics, measuring units, formula and the roles and importance of the traits of

Prunus argentea
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Figure 2. Violin plot of the difference in the average microscopic traits of stomata and trichomes in mountain
almond tree leaves between browsed/unbrowsed branches

Stomatal length (SL), stomatal width (SW), stomatal pore length (SPL), stomatal pore width (SPW), stomatal density (SD),
stomatal plasticity index (SPI), and stomatal index (SI) as well as Trichome length (TL), trichome width (TW), trichome
density (TD), and vein density (VD). Significant at *P < 0.05, highly significant at ** P < 0.01; ns = not significant.
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Table 3. Phenotypic plasticity index of Prunus argentea under browsed and unbrowsed conditions

Prunus argentea

Traits Browsed Unbrowsed
SL (pum) 0.46 0.55
SW (um) 0.64 0.44
SPL (um) 0.58 0.65

SPW (um) 0.75 0.57
TL (pum) 0.50 1.00
TW (um) 0.56 1.00

TD (mm) 1.00 1.00

SD (mm) 0.50 0.70

SPI (%) 0.69 0.79

ST (%) 0.99 0.46

VD (mm) 0.58 0.63

459, dire (a3l (SD) @iy, o515 (SPW) @i, diie (2,6 (SPL) &9, diia Jobo (SW) &35, (56 (SL) 455, Job rolmeirys
VD) 5,5, o515 (TD) 55 o515 (TW) 55 e (TL) 55 oo (SD) 5, ol (SPI)
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Table 4. Pearson correlation and principal component analysis (PCA) between stomatal, trichome, and vein traits
and the first and second principal components in browsed and unbrowsed branches of Prunus argentea
Prunus argentea

Traits Axis 1 Axis 2
SL 07487 0.208"
SW 0.553"" 0.38""
SPL 0.592"" 0413

SPW 025" 0.516™
TL 20,058 0.091
T™W -0.491°* -0.056"
D 0.426"" 20,0817
SD 0.717" 071"
SPI 0.913" 0372
VD -0.489™ 0.766™
SI -0.174™ -0.203"
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Figure 3. Principal component analysis (PCA) of leaf traits of Prunus argentea under browsed and unbrowsed
conditions

(SPI) w5, 6> 2l (SD) wjs; o515 {SPW) wjs, &ilas 2,e (SPL) 4ijy, &iles Jobo (SW) wjs; 20 (SL) 4ijs, b
(VD) 5,5, o515 5 (TD) 5,5 o515 (TW) 5,5 e (TL) 55 o (SD) (sl ool
Stomatal length (SL), stomatal width (SW), stomatal pore length (SPL), stomatal pore width (SPW), stomatal

density (SD), stomatal pore index (SPI), stomatal index (SI), trichome length (TL), trichome width (TW),
trichome density (TD) and vein density (VD).
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Figure 4. Leaf micromorphology of Prunus argentea, showing trichomes and stomata on browsed (a) and
unbrowsed (b) branches. Scale bars = 75 um
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Abstract

Introduction: The forests of western Iran are among the natural ecosystems whose regeneration has been
severely disrupted by anthropogenic and natural factors. Among these, livestock browsing is one of the most
significant drivers of vegetation degradation and morphological alterations in plant species. This biotic stress can
impair plant competitive ability by damaging photosynthetic organs, reducing growth, and altering leaf structure.
This study was conducted to investigate the effects of livestock grazing on the anatomical traits of leaf stomata
and trichomes in Prunus argentea (Lam.) Rehder, a shrub species native to the region. Given the limited
experimental and laboratory-based studies on the micro-morphological responses of this species to
environmental stressors, the present study aims to elucidate how browsing induces changes in leaf
microstructure, thereby triggering distinct adaptive responses that may reflect divergent survival strategies under
browsing pressure. Furthermore, the study identifies which leaf traits exhibit the highest degree of plasticity in
response to the stress. The findings may contribute to improved forest management and conservation of valuable
tree species that are also important forage resources.

Materials and Methods: In each of two study sites near Ilam City (Darreh-ye Arghavan and Choghasabz), three
individual Prunus argentea shrubs exposed to continuous livestock browsing were randomly selected (six shrubs
in total). For each selected shrub, leaf samples were collected from both lower branches (accessible to browsing
animals) and upper branches (out of reach of browsers). Sampling was conducted along the dominant slope
direction at each site. Overall, six samples per site (three shrubs X two vertical canopy positions) were collected.
From each shrub, 10 leaves were randomly collected from lower (browsed-accessible) and 10 from upper (non-
browsed) branches. To enhance observation of stomata and trichomes, photosynthetic pigments were removed
from the abaxial leaf surface. Following staining and preparation of microscopic sections, 11 anatomical traits
related to stomata, trichomes, and vein density were measured using a digital camera equipped with image
analysis software. All measurements were repeated to ensure high repetition and accuracy.

Results: The results indicated that livestock browsing significantly altered most leaf anatomical traits. Specifically, the
mean length and width of stomata, stomatal pore length, stomatal density, and stomatal pore index were significantly
reduced under browsing pressure. In contrast, trichome dimensions, including length, width, and density, showed a
significant increase in browsing conditions. Principal component analysis (PCA) revealed that traits such as stomatal
density and stomatal pore index contributed most to the separation of non- browsed samples, whereas vein density and
trichome width were more influential in distinguishing browsed samples. Furthermore, leaf trichome traits exhibited
higher phenotypic plasticity compared to stomatal traits in Prunus argentea.

Conclusion: Overall, livestock browsing exerted significant effects on all anatomical traits of stomata and leaf
trichomes, leading to notable changes in both the size and density of these structures. The high plasticity
observed in trichome-related traits suggests a strong adaptive capacity of Prunus argentea in response to
browsing-induced stress and altered environmental conditions. Therefore, anatomical modifications in leaves
likely impact plant performance and physiological efficiency, potentially reducing overall productivity.

Keywords: Almond shrub, Leaf phenotypic plasticity, Livestock browsing stress, Stomata and leaf trichomes,
Zagros forests.

* Corresponding author Tel: 0911-458-9774 Email: h.naji@ilam.ac.ir


mailto:Tel:%200911-458-9774
mailto:h.naji@ilam.ac.ir

