Investigating the Diversity of Reproductive Traits and Their Relationship with
Soil and Climatic Variables in Wild Populations of Amygdalus scoparia in
Western Qom Province

ABSTRACT

Background and Objective: The diversity of reproductive traits in woody species from arid regions provides key insights into
regeneration potential and population persistence under climate change. However, little is known about this diversity in wild almond
(Amygdalus scoparia) in Iran. This study is the first to investigate the phenotypic diversity of reproductive traitg in six natural
populations of this species in western Qom province. Materials and Methods: Seven reproductive traits were meal

correlation were used for data analysis. Results: The highest reproductive trait diversity was observedwy Dastjerd and @avarian
populations. A strong positive correlation was observed between flower length and flower number (r = 0. < 0.001). H@wever,

correlations between precipitation and reproductive traits were weak and non-significant (r = -0.116 gth an 0.142
for flower number, p > 0.05). Soil variables, particularly electrical conductivity (EC) and potassium, inent role
The first two principal components accounted for 95.44% of the total variance (PC1: h-ﬁde populations
exhibited larger flowers but fewer flowers per inflorescence. Conclusion: The high re uctive traits in

Dastjerd and Zavarian populations makes them conservation priorities and suitable candida @ktudies. Soil variables

Introduction

Arid and semi-arid regions cover approximately 41% of the Earth's (&gestrial surface and support over 38% of the global human
population. These ecosystems are particularly vulnerable to climate cif@inge, with projections indicating rising temperatures and
increasing aridity in the coming decades. Iran, especigdathe western part@#@8f Qom province, is expected to experience more frequent
droughts and reduced rainfall. In such landscapes, @0ody species—paglitularly wild almonds (Amygdalus spp.)—play a critical
ecological role by stabilising soils, sequestering carb staining iversity. Among these, Amygdalus scoparia Spach is one
of the most widely distributed wild almond species in ing TN the Zagros Mountains to the central plateaus.

Despite its broad distribution, remarkably |
how they respond to environm‘l pressures. Tl
number—directly determine reprodugiive success,
can serve as a proxy‘ ‘al adapt while cli change—through altered rainfall patterns, temperature shifts, and nutrient
availability—can disrup i i ading effects on reproduction and persistence. In dryland ecosystems, plants often adjust
reproductive strategies in respns ss, either by producing larger flowers or by reducing flower numbers. Soil nutrients,
particularly nitrogen and phosph also key modulators of these adjustments, as they underpin critical physiological processes.

out how reproductive traits of A. scoparia vary across populations or
gap is significant because reproductive traits—such as flower size and

To date, m ian's
diversity of A. scopa
six natural populations o
this diversity; and (3

nexplored. The present study therefore aimed to: (1) characterise reproductive trait diversity across
oparia in western Qom province; (2) identify the environmental variables that most strongly influence
ght populations with the highest trait diversity as conservation priorities.

Methods

Six natural populations of A. scoparia were selected in western Qom province: Anjileh, Dastjerd, Golestan, Kermejegan, Veshnaveh,
and Zavarian. Elevation ranged from 1585 m (Golestan) to 2180 m (Veshnaveh). Mean annual precipitation varied between 164 mm
(Golestan) and 272 mm (Veshnaveh), while mean annual temperature ranged from 10.2°C (Veshnaveh) to 18.52°C (Golestan). In each
population, 12 plots of 4 x 4 m were established using a systematic-random design, giving a total of 72 plots.

Within each plot, seven reproductive traits were measured: flower length (mm), number of flowers per inflorescence, petiole length
(mm), sepal length (mm), fresh and dry weight of flowering branch (g), and inflorescence length (cm). In addition, seven environmental
variables were recorded: pH, electrical conductivity (EC), nitrogen (%), phosphorus (mg/kg), potassium (mg/kg), mean annual
temperature (°C), and annual precipitation (mm).

To compare traits among populations, one-way ANOVA was performed, followed by Tukey's HSD post-hoc test. Principal
Component Analysis (PCA) was applied to the trait matrix to identify patterns of diversity and their associations with environmental



factors. Pearson correlation coefficients were computed to evaluate relationships between individual traits and environmental variables.
All statistical analyses were conducted in R version 4.6.0.

Results

ANOVA revealed significant differences among populations for all reproductive traits except flower number per inflorescence. The
longest flowers were recorded in Veshnaveh (27.91 mm) and the shortest in Anjileh (26.91 mm). Dastjerd exhibited the highest fresh
branch weight (10.15 g), while Golestan had the lowest (8.15 g). Tukey's test indicated that Dastjerd and Zavarian differed significantly
from the other populations for most traits.

In contrast to several earlier studies, precipitation showed weak and non-significant correlations with both flower length (r =
—0.116, p > 0.05) and flower number (r = 0.142, p > 0.05). Soil nitrogen was positively correlated with petiole length (r =0.210, p <
0.05) and fresh branch weight (r = 0.251, p < 0.05). A strong positive correlation was found between flower length al
(r=0.738, p < 0.001), indicating that a universal trade-off between these two traits is not supported in this system.

PCA on the seven reproductive traits extracted two principal components that together explained 95\
(PC1: 83.15%, PC2: 12.29%). PC1 was primarily associated with fresh and dry branch weight, petiole length,
PC2 was positively linked to flower number and flower length. The PCA biplot clearly separated Dasgiged a
side of PC1 from Veshnaveh and Kermejegan on the left, highlighting distinct repr

Conclusion

Our findings demonstrate that reproductive trait diversity in A. scoparia populations in
driven by soil variables—particularly electrical conductivity (EC), potgggsium, and nitro
role at this local scale. The lack of a clear trade-off between flower sgnd numb
nutrients, can enhance both traits simultaneously. Dastjerdyand Za#drian ich

prioritised for conservation efforts.

Given the ongoing climate change and increasing aridity ac
populations with high reproductive trait diversity. Future researc
seed production and germination across populations to better und regeneration potential of this species under anticipated
climate scenarios.
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