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Table 1. Geographical characteristics and annual climatic conditions of the studied areas
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Figure 1. Location of the study areas on the map of Ilam (two colored stars)
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Figure 2. Amygdalus orientalis shrub. The lower branches were browsed by livestock, while the upper branches
were kept safe from the livestock
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Table 2. Mean difference in different anatomical Amygdalus orientalis wood features (£ SD) between browsed
and unbrowsed trees based on Student's t-test
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Anatomical Features of Amygdalus orientalis
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FL, fiber length; FWT, fiber wall thickness; NPC, number of axial parenchyma cells; RN, ray number; NC,

number of crystals; DEV, vessel thickness; EVA, vessel area; NV, vessel number; NT, number of tyloses; *
Statistically significant difference at the 0.05 level; ** Statistically significant difference at the 0.01 level; ns,

non-significance
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Figure 3. Time series of annual growth ring width of an Amygdalus orientalis branch in browsed and unbrowsed
conditions during five years 2018-2022
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Figure 4. Changing trend in annual ring width in two browsed (A) and unbrowsed (B) conditions. The scale bars
were provided on the figures
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Figure 5. Principal component analysis (PCA) of wood characteristics for Amygdalus orientalis in browsed and
unbrowsed conditions. FL, fiber length; FWT, fiber wall thickness; NPC, number of axial parenchyma
cells; RN, number of rays; NC, number of crystals; DEV, vessel thickness; EVA, vessel area; NV,

number of vessels; NT, number of tillers.
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Abstract

Introduction: Forests represent the most valuable form of vegetation, playing a crucial role in maintaining ecological
balance and driving economic, social, and environmental processes. The Zagros forests have faced persistent degradation
over decades. This ongoing process of destruction continues to escalate. One of the primary drivers of this degradation is
overbrowsing by livestock, which not only inhibits forest regeneration but also leads to soil compaction, reduced
biodiversity, and diminished production capacity of these forests. Given the critical role of livestock as a major contributor to
the deterioration of the Zagros forests, understanding the intricate relationships between ecosystem components—particularly
the dynamic interactions between livestock and plant communities—is essential for developing effective management
strategies. In this context, investigating changes in wood anatomy provides insights into the defense mechanisms employed
by trees against damaging factors . This study focuses on the impact of livestock browsing stress on the anatomical
characteristics of the wood of Amygdalus orientalis (mountain almond), in the forests of Ilam province, Iran. By examining
alterations in wood cell elements under grazing pressure, this research aims to enhance our fundamental understanding of
cellular-level structural changes and elucidate the adaptive strategies utilized by trees to withstand such stressors.

Materials and Methods: In this study, two forested areas surrounding the city of Ilam, which are continuously subjected to
browsing by livestock from nearby villages, were selected for sampling. Sampling was conducted on both accessible lower
branches that had been browsed by animals and higher, out-of-reach branches that remained unbrowsed. Six randomly selected
almond shrubs were used as sampling units. All samples of browsed and unbrowsed twigs were collected from one side of each
shrub to minimize variability. The branches were then cut into small 5 x 5 mm fragments for cellular structure analysis.
Laboratory procedures were maceration of the samples, preparation of thin microscopic sections, and staining of the wood
specimens. Subsequently, the samples were photographed using a camera equipped with imaging software. Various anatomical
features of the wood were measured using a light microscope, including fiber length, fiber wall thickness, vessel density, early
vessel diameter, early vessel area, number of axial parenchyma cells, number of wood rays, crystal frequency, tyloses frequency,
and annual ring width. These measurements were conducted systematically to ensure accuracy and repeatability.

Results: The results a significant of livestock on the most wood anatomical characteristics. Specifically, the length of fibers,
early vessel diameter, early vessel area, number of axial parenchyma cells, and number of wood rays were observed to
decrease. The highest decrease was in vessel and paranchyma characteristics. Fiber wall thickness, number of vessel, crystal
frequency, and tyloses frequency showed an increase. The time series over the past five years revealed a reduction in the
width of annual growth rings in browsed trees compared to unbrowsed ones. The width of annual growth rings in browed
wood samples was about 37% less than in unbrowsed samples, so that the average width of annual rings in the last five years
in browsed samples was 354 microns and in unbrowsed samples was 568 microns. These findings highlight the profound
impact of browsing on the anatomical structure.

Conclusion: It can be concluded that livestock browsing induces structural changes during wood formation, leading to
alterations in plant form and architecture, ultimately resulting in reduced health, performance, and productivity of trees.
Furthermore, these findings can inform practical solutions aimed at mitigating the impacts of browsing on trees in economic
silviculture practices. Such insights can also support the development of appropriate strategies for the protection and
conservation of forest ecosystems, ensuring their sustainability and resilience.

Keywords: Almond shrub, Forest conservation, Livestock browsing Stress, Wood cellular characteristics,
Zagros forests.



