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productive soils. It influences a wide range of physical, chemical, and
biological attributes and processes, including the formation and stabilization
of soil aggregates, nutrient cycling, water retention, disease suppression, and
cation exchange capacity. The relationships between soil organic matter
(SOM) and soil physicochemical properties are profound and multifaceted.
One of the main research gaps is the lack of comprehensive, integrated, and
quantitative studies that simultaneously investigate the relationships between
a wide range of soil physical and chemical properties and SOM under semi-
arid climatic conditions. Most previous studies have focused on one or two
properties and do not provide a holistic understanding of this complex system.
Therefore, the primary objective of this study was to examine the relationships
between SOM and selected soil physical and chemical properties, including
particle size distribution, structural attributes, salinity, sodium content, and
fertility.

Materials and Methods: This study was conducted in the semi-arid region of

Zanjan. Sixty-eight sampling points were selected from different land uses
using available soil maps to examine the relationships between SOM and
various physical and chemical soil properties. Standard physical and chemical
laboratory methods were used to measure particle size distribution, aggregate
stability, bulk density, electrical conductivity, pH, organic matter content, and
cation exchange capacity. Descriptive statistics, Pearson correlation, linear
regression, analysis of variance (ANOVA), and discriminant analysis were
employed to analyze the relationships between SOM and soil properties, and
variables showing significant correlations with SOM were further analyzed
using ANOVA and discriminant analysis to investigate differences among
SOM classes (<1%, 1-2%, 2-3%, and >3%). All statistical analyses, data
visualizations, and mean comparison procedures were carried out using
Microsoft Excel (2016) and Python (version 3.x).

Results: The results showed that cation exchange capacity (R2 = 0.31, p < 0.01),

bulk density (R2 = 0.28, p < 0.01), wet aggregate mean weight diameter
(MWDwet) (R2 = 0.25, p < 0.01), wet aggregate geometric mean diameter
(GMDwet) (R2=0.24, p <0.01), and dry aggregate geometric mean diameter
(GMDdry) (R2 =0.22, p < 0.01) exhibited stronger relationships with SOM
than the other soil properties examined. One-way ANOVA performed for
four SOM classes (<1%, 1-2%, 2-3%, and >3%) revealed substantial
differences among the groups in terms of soil structural properties and cation
exchange capacity. Specifically, significant differences in GMDwet were
observed between the <1% SOM group and the 2—-3% and >3% SOM groups,
as well as between the 1-2% and >3% SOM groups. For MWDwet,
significant differences were detected between the <1% SOM group and the
2-3% and >3% SOM groups, and between the 1-2% SOM group and the 2—
3% and >3% SOM groups (p < 0.000001, F = 12.23, and p < 0.000001, F =
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12.17, respectively). Furthermore, discriminant analysis indicated that soil
physical properties were more strongly associated with SOM than soil
chemical properties.

Conclusion: This study demonstrated that SOM is one of the key factors
influencing soil quality, exerting significant effects on both soil physical and
chemical properties. The results of correlation, linear regression, and one-
way analyses of variance indicated that CEC increased with increasing SOM
content. Among all measured soil properties, CEC exhibited the strongest
relationship with SOM and showed a significant increase across higher SOM
levels. Strong relationships were also observed between SOM and soil
physical properties. In particular, increasing SOM was associated with
significant improvements in soil aggregate stability, total porosity, and soil
moisture content, while bulk density decreased significantly. Furthermore,
discriminant analysis revealed that the influence of SOM was more strongly
reflected in soil physical properties than in chemical properties. In both
stages of the discriminant analysis, structural soil attributes exhibited the
highest discriminant coefficients among the SOM groups (<1%, 1-2%, 2—
3%, and >3%), highlighting the close association between SOM and soil
structural characteristics. Following structural attributes, cation exchange
capacity ranked as the second most important discriminating variable.
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Figure 1- Study areas and locations of sampling points (Zanjan Province, 2024).
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Table 1- Descriptive statistics of the physicochemical properties of the soils in the study area.

P (Shapiro-Wilk) cv SD Mean Max Min Variable
0.37 35.04 15.12 43.15 82.75 5.90 Sand (%)
0.08 28.91 9.21 31.87 51.28 6.44 Silt (%)
0.65 33.60 8.42 24.98 45.14 6.43 Clay (%)
0.06 40.49 11.47 28.33 61.29 5.09 TRF (%)
0.06 11.08 0.12 1.09 1.52 0.83 BD (g/cm®)
0.04 10.01 5.60 55.95 66.68 36.65 n (%)
0.08 15.84 0.15 0.94 1.25 0.67 GMDyry (mm)
0.67 26.87 0.48 1.79 2.90 0.67 MWDygry (mm)
0.01 18.27 0.13 0.71 1.09 0.41 GMDyet (mm)
0.00 46.48 0.38 0.82 1.98 0.09 MWDy,e((mm)
0.07 40.75 4.37 10.73 25.15 3.66 O (%)
0.00 79.86 121 151 6.15 0.40 EC (dS/m)
0.01 453 0.36 7.93 8.51 6.96 pH
0.02 52.52 9.27 17.65 47.50 0.00 CaCOs (%)
0.00 80.16 1.01 1.27 4.32 0.01 OM (%)
0.68 35.06 7.13 20.34 41.10 5.37 CEC (meq/100g)

TRF: Total Rock Fragment, G: Gravel, BD: Bulk Density, n: Total Porosity, GMDgy: Geometric Mean Diameter dry, MWDg,y: Mean Weight
Diameter dry, GMDye: Geometric Mean Diameter wet, MWD,e:: Mean Weight Diameter wet, ©;: Initial Soil Moisture, EC: Electrical

Conductivity, OM: Organic Matter, CEC: Cation Exchange Capacity.
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Figure 2- Relationships between some physicochemical properties and organic matter content
BD: Bulk Density, n: Total Porosity, GMDg,y: Geometric Mean Diameter dry, MWDyry: Mean Weight Diameter dry, GMDy.: Geometric
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Mean Diameter wet, MWD,..:: Mean Weight Diameter wet, ©;: Initial Soil Moisture, EC: Electrical Conductivity, OM: Organic Matter,
CEC: Cation Exchange Capacity.
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Table 2- Results of discriminant analysis of soil physicochemical properties across different levels of soil organic matter.
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MWD,ei: Mean Weight Diameter wet, GMD,:: Geometric Mean Diameter wet, CEC: Cation Exchange Capacity.
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Figure 3- Variations of Soil physicochemical Properties on Organic matter Content Different letters above the bars indicate
significant differences among means.

BD: Bulk Density, n: Total Porosity, GMDg,: Geometric Mean Diameter dry, GMD..: Geometric Mean Diameter wet, MWD..: Mean
Weight Diameter wet, ©;: Initial Soil Moisture, OM: Organic Matter, CEC: Cation Exchange Capacity.
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Table 3- Ranking the degree of dependency of soil physicochemical properties on organic matter content.
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(Total Rank) : . (Soil Properties)
(Descrimanant Analyses) (ANOVA) (Corolation)
4 ns 3 2 BD (g/cm?)
7 ns 7 7 n (%)
5 ns 4 5 GMDygry (Mm)
8 ns ns 8 MWDy, (mm)
2 2 2 4 GMD et (MM)
1 1 1 3 MWD,e:(mm)
6 ns 6 6 i (%)
11 ns ns 11 Sand (%)
10 ns ns 10 Clay (%)
9 ns ns 9 EC (dS/m)
3 3 5 1 CEC (meq/1009)

BD: Bulk Density, n: Total Porosity, GMDg,: Geometric Mean Diameter dry, MWDgy: Mean Weight Diameter dry, GMD,..:: Geometric
Mean Diameter wet, MWD, Mean Weight Diameter wet, ©;: Initial Soil Moisture, EC: Electrical Conductivity, CEC: Cation Exchange

Capacity.
ns: not significant
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