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Background and Objectives: Vegetation distribution in arid and semi-arid
ecosystems is strongly influenced by soil physical and chemical properties, and
variations in these properties can lead to development of distinct plant
communities even within relatively small spatial scales. Understanding the
edaphic factors controlling vegetation distribution is essential for elucidating
plant—soil relationships, managing desert ecosystems, and planning restoration
and conservation programs. The Biabanak area, located in Sorkheh County,
Semnan Province, Iran, represents a typical desert ecosystem that supports diverse
vegetation types despite relatively uniform climatic conditions. This study aimed
to investigate the relationships between vegetation types and soil physical and
chemical characteristics and to identify the most important soil factors influencing
vegetation differentiation in the Biabanak region.

Materials and Methods: The study was conducted within an area of
approximately 2,000 ha. Vegetation sampling was carried out using a systematic-
random approach, and a total of 31 plots (15 x 15 m) were established. Based on
the dominant species, plots were classified into seven vegetation types, including
Artemisia, Ephedra, Tamarix, Salsola, Suaeda, Halocnemum, and unvegetated
sites (control). Soil samples were collected from the 0—15 cm depth in each plot.
Several soil physical and chemical properties, including soil texture, bulk density,
pH, electrical conductivity (EC), organic carbon, phosphorus, potassium, sodium,
lime, and gypsum contents, were measured. Canonical Correspondence Analysis
(CCA) was employed to examine the relationships between vegetation types and
environmental variables.

Results: Significant differences were observed among vegetation types for many
soil physical and chemical properties. Sand content ranged from 53% to 69%, silt
from 17% to 26%, and clay from 10% to 21%. Soil pH, electrical conductivity,
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organic matter, sodium, potassium, phosphorus, lime, and gypsum contents also
differed significantly among vegetation types. The CCA results indicated that the
first ordination axis was positively correlated with gypsum, sodium, electrical
conductivity, and silt content, while showing a negative correlation with sand
content. The second axis was primarily associated with soil lime content, whereas
the third axis was mainly related to soil potassium. Ordination patterns revealed
that the Halocnemum vegetation type was associated with soils characterized by
the highest salinity and gypsum content, followed by the Salsola and Suaeda
vegetation types along the same environmental gradient. In contrast, Artemisia
and Ephedra were associated with less saline soils, lighter soil textures, and higher
sand content. The Tamarix vegetation type was primarily related to silty soils with
higher potassium concentrations.

Conclusion: Overall, the results demonstrated that wvariations in soil
characteristics, particularly salinity, gypsum, sodium, soil texture, lime, and
potassium, play a fundamental role in differentiation and distribution of vegetation
types in the Biabanak area. The findings highlight the importance of edaphic
factors as the primary drivers of vegetation patterns in this desert ecosystem and
suggest that these variables can serve as key indicators in desert management
programs, including vegetation establishment, conservation, restoration, and
rehabilitation efforts in arid and semi-arid environments.

Cite this article as: Fazli Zafarani., S. M., Moshki, A., Ravanbakhsh, H., and Kianian, M. K. (2026). relationship
between soil physical and chemical properties and vegetation distribution in the Biabanak region of Sorkheh County,
Semnan Province. Climate and Ecosystem of Arid and Semi-arid Regions, 3(1), 119-133.
© 2026 Published by Semnan University Press.
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Table 1. Physical and chemical properties of soil in different vegetation types
in the Biabanak region of Semnan
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Table 2. Eigenvalues and species-environment correlation coefficients
for the three main axes of CCA

dslssme psd e paw s
Axis 1 Axis 2 Axis 3

0% 5
R 0.89%*  0.83%F  (.56*
Eigenvalue

|
Rl e 162 150 10.1

Percent of explained variance

5 byl do
SF o e 162 312 414
Cumulative % explained
I e 0957 0927 075
Pearson correlation, Spp-Envt*
LS Samen
J ' 0.56" 0.71* 0.58

Kendall (Rank) Corr., Spp-Envt
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Table 3. Correlation of environmental variables with the first three CCA axes

L (Kl
Correlations
La uxie sl e £33 oy poyv 257
Variables Axis 1 Axis 2 Axis 3
Sand -0.51 -0.36 0.122
Silt 0.41 0.28 -0.35
Clay 0.21 0.16 0.26
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o pate 033 0.09 -0.20 0.33
Bulk density

Na 0.80 0.36 0.00

K 0.26 0.28 -0.70

P 0.06 0.08 -0.35

Sl esle -0.43 -0.04 -0.06

Organic carbon

pH -0.39 0.08 -0.12

EC 0.74 -0.03 -0.25

= 0.87 0.05 0.09

Gypsum
Sal -0.53 -0.65 0.08
Lime

* Correlations are "intraset correlations" after Braak (1986)
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Fig. 2. Representation of the first and second axes of the CCA classification diagram, showing sample fragments
(p) and species in the classification space
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Fig. 3. Display of the second and third axes of the CCA classification diagram, showing sample fragments (p)
and species in the classification space.
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