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Abstract

This study aimed to investigate the relationship between these factors and soil physicochemical
properties for rapid management of watersheds and Multivariate linear modeling of soil properties using
soil formation factors. Four watersheds of Qazvin province were studied, namely Juyank, Madan,
Niyarak, and Plangeh. First, the unit map was prepared using a geographical information system (GIS)
on a scale of 1:25000 based on photogeological investigations and field visits. Then, 101 soil samples
were collected and EC, pH, organic matter percentage, sand fraction, silt proportion, and clay
percentages were measured. The relationship between soil formation factors and properties was
investigated using linear multivariate regression in three methods of Enter, Forward, and Stepwise.
Therefore, the 5 soil-forming factors were the independent variables, and the soil's physical and
chemical characteristics were set as the dependent variables. The accuracy of these models was validated
using two statistics of explanation coefficient and mean squared error (RMSE). The results demonstrated
that the highest R? value of 0.78 with an RMSE of 0.56 was associated with the relationship between
pH and soil-forming factors (regression by the Enter method). There was less than a 50% correlation
between silt, clay, and electrical conductivity with soil-forming factors.

Keywords: Soil Formation Factors, Regression, One-Way Analysis Of Variance, Soil Characteristics

Introduction

Soil formation depends on several factors, including parent material, climate, topography, time,
and living organisms. According to Jenny (1941) several soil formation factors influence the
formation of soil properties (s) Where CL is the climate, O is living organisms, R is topography,
P is parent material and T is time (Jenny, 1941).

The mentioned five reactions occur with different intensities and relative importance in the
formation of all soil types, which may result in different profile characteristics (Thanachit et
al., 2006). A wide variety of environmental factors and processes contribute to soil formation
in different climates, geological conditions, low elevations, vegetation conditions, and time
conditions (Buo et al., 2011). In other words, the variation of the different soil formation factors
leads to different physical and chemical properties of the soil (Thanachit et al., 2006; Vingiani
et al.,, 2010). The distribution of elements between the solid phase and the soil solution is
important to determine their mobility and stabilization in the soil. The mobility and availability
of elements depend on physicochemical properties (such as particle size distribution, especially

* Corresponding author e-mail: : m.torkashvand54@yahoo.com


https://orcid.org/0000-0002-0891-0266

64 Pazhuhandeh et al.

clay content, soil pH, organic matter, soil carbonate content, ionic strength of soil solution,
cation exchange capacity, etc.), mineralogical properties, and biological properties of the soil
(He et al., 2004). The main soil formation processes affecting the behavior of elements in the
soil are 1. The release of elements from the parent material during aeration; and 2. the
movement and accumulation of soil constituents, including silicate clay, oxides, and
hydroxides, as well as organic material that can absorb elements (Ostwari et al., 2019; Gomes
et al., 2001). The study of the origin and evolution of soils, taking into account their geologic
and geomorphologic characteristics, generally provides a better understanding of soil formation
processes (Phillips, 2001). The parent material factor controls soil formation in arid and
semiarid regions. Furthermore, the other two aspects, living organisms, and topography, will
balance this factor over time (Navidi & Abtahi, 2001). The development and evolution level of
the soil determines its characteristics, which are shown in comparison with the parent material
(Saketeband et al., 2017; Ortiz et al., 2002). In addition, the intensity and type of aeration
strongly depend on the geology and composition of the parent material (Bluth & Kump, 1994).
In the early stages of soil formation, the chemical composition of the soil is strongly controlled
by the parent material, while in mature soils it reflects the effects of the aeration environment
(Thanachit et al., 2006, Bouma, 1989).

In time series, soil formation is influenced by a time when it occurs on the same parent
material and other factors such as climate, the activity of living organisms, and topography
remain constant. The soil will exhibit the characteristics of the parent rock to a high degree of
aeration occurs in a short period. In contrast, as aeration progresses, soil formation is influenced
by factors other than the parent rock. Therefore, time plays a key role in soil formation.
Generally, the longer soil formation takes, the thicker the soil and the less it resembles the
parent material (Harden, 1982, Nael et al., 2009). Depending on the parent material, the soil
may form from the underlying bedrock or a layer of discontinuous sediments. Soils that form
on bedrock are known as residual soils and another type is called transported or non-residual
soils (Haghian et al. 2017; Tarbok and Lutgen, 2016).

The bedrock type affects soils in two ways. First, its nature influences aeration and the soil
formation rate. For example, the mineralogical composition of the parent rock affects the extent
of chemical weathering. In addition, discontinuous deposits form soil more quickly than
bedrock because of some aeration. Second, soil fertility is affected by the chemical composition
of the materials. As a result, soil that lacks nutrients essential to plant growth is not considered
crucial (Raushi et al., 2021; Araujo et al., 2017).

Plants and animals are responsible for providing soil organic matter. The organic content of
some soils is completely dominated by organic matter, while desert soils have a smaller
proportion of organic matter. Even though soil organic matter percentages vary, no soil is
organic matter-free. Plants are the primary sources of organic matter, but animals and millions
of microscopic organisms also contribute. The decomposition of organic matter provides
notorious material for plants, animals, and microscopic organisms in the soil. Also, the
decomposition of plants and animals produces complex organic acids, which intensify the
aeration process. In addition, organic materials have excellent water retention capabilities, so
they hold water in the soil. Microorganisms such as fungi, bacteria and protozoa contribute
significantly to decomposing plant and animal remains to produce humus as the final product.
There is no similarity between this substance, humus, and the plants and animals derived from
it (Jaafari & Sarmadian, 2017; Birkeland, 1999).

Climate is the most important factor controlling soil formation determining the effect of
chemical or mechanical aeration. It also significantly affects the aeration rate and severity. For
example, the chemical aeration of soil in a hot and humid climate results in a thick layer,
whereas the physical aeration of soil in a cold climate with low humidity produces a thin layer
(Egli et al., 2008). Furthermore, precipitation will affect how much material washes from the



Geopersia 2024, 14(1): 63-71 65

soil, thereby determining its fertility. Thus, in terms of the climate factor, precipitation and
temperature both play an important role in soil formation (Tarbok & Lutgen, 2016).

Soil chemical reactions are greatly influenced by its topography. These include the intensity
and quantity of surface wastewater (runoff) and subsurface drainage; and accordingly, the
leaching rate of solutes and the formation of specialized soils, erosion intensity and the transport
of degraded materials, or the transport of suspended and soluble materials by water and the
degradation of materials by erosion. Furthermore, this factor affects the soil solum depth,
thickness or organic matter content, moisture content of a profile, soil color and degree of clarity
of soil horizons, soil reaction, and soil temperature (Jiang & Thelen, 2004).

As part of soil investigation, it is essential to know the correlations between soil properties
and their quantitative expression in statistical models (Buol et al., 2011; Gray et al., 2016). This
study aimed to investigate the relationship between the physicochemical properties of the soil
and the soil-forming factors and to explore the possibility of creating maps of the
aforementioned soil characteristics based on the national layers of soil-forming elements.

Materials and Methods
Study Area

This study was conducted in four watersheds in Qazvin province including Juyank, Madan,
Niyarak, and Plangeh (Figure 1). The characteristics of the study area were presented in Table
1. The watersheds of Juyank and Madan are located in the mountains, while the climatic
conditions in Niyarak and Palange are semi-arid and cold. The entire study area is located in
the geological zone of central Iran.

Research Methodology
First, land use map, slope, precipitation zonation, temperature, and elevation were prepared

using 1:25000 scale geologic maps. Then, these maps were combined in ArcGIS 10.8 and
similar areas were combined into working units.
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Figure 1. Four studied areas locations in the country and province
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Table 1. Characteristics of the four watersheds studied

Area

Mean Annual Mean Annual

(hec) Temperature (c) Precipitation (mm) Latitude Longitude Area
” ' o ” ’ 41", 16,, 50° to 08”,
8536.34 9.68 566.52 26",27',36° to 2? , 36/, 26'. 50° eastern Juyank
36° northern latitude .
longitude
” ’ o " ’ 30” > 32,: 500 to 00";
6812.29 6.7 563.5 307, 18', 36710 307, 24, ") 500 castern Madan
36° northern latitude A
longitude
16.2”,20', 49° to .
0.59, 27", 36° to 29.1", o Niyarak
4855.7 12.4 299.7 34'. 36°northern latitude 8.8",27', 49 eastern
longitude
" ' o " ' 43" 49' 07° to 40"
7291.06 10.4 350 57" 24 36° to 02" 33 18 49° eastern Palangeh

36° northern latitude

longitude

A final 101 units were derived based on soil-building factors in the study area. To measure
the physicochemical properties of the samples, 101 samples were taken from each work unit in
representative areas of that unit.

The correlation of all variables was analyzed using Pearson method and SPSS 20 software.
Using SPSS software, variance analysis was conducted at a level of 5% and multivariate linear
regression modeling was performed using Enter, Forward, and Stepwise methods.

Each of the used methods will be explained separately: the Enter method, all independent
variables were introduced into the model simultaneously to determine the effect of all important
and unimportant variables. In this method, all variables are analyzed in a single step in order of
minimum tolerance. Since all variables are included in the equation regardless of their
correlation coefficient with the dependent variable, the simultaneous method introduces several
drawbacks, such as the fact that variables that are not significant are likely to remain in the
equation, causing F and R? values to decrease as a result. The Forward method begins by
calculating the correlation between each independent variable and the dependent variable.
Then, the independent variable that explains the largest proportion of the variance in the
dependent variable is included in the analysis. After the first variable is separated, the variable
with the highest correlation coefficient with the dependent variable is included in the analysis.
Like the Forward method, the Stepwise method introduces variables one by one. The first step
is to select the variable that has the highest correlation with the dependent variable. Following
the separation of the preceding variable, the second variable in the analysis is the one that causes
the greatest increase in the R? coefficient. The main difference between this method and the
Forward method is that in the Forward method, the variables entered into the analysis remain
in the equation, whereas in the Stepwise method, with the entry of a new variable, the variables
already entered into the equation are retested to determine whether or not they still contribute
to the success of the equation. Consequently, some variables that had high explanatory power
in the first step may be removed in the second step.

In all three models, soil formation factors were considered independent variables, while soil
physical and chemical factors were considered dependent variables. Finally, these models were
validated using explanatory coefficients and mean square errors.

Results and Discussion

In linear multivariate regression modeling, three approaches were explored, including Enter,
Forward, and Stepwise. Therefore, five factors of soil formation (Figure 2) were considered
independent variables, and physical and chemical factors of soil were considered dependent
variables to investigate the relationship between these factors and the physical and chemical
properties of the soil (Table 2).
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Table 2. Multivariate linear modeling of soil parameters with three methods and validation

Dependent . 110q Model R?  RMSE
variable
pH=0.08V-0.005Rain-0.059Temperature
Enter +0.0001Slope+0.0001Height+0.077hgeo+9.223 0.78 0.56
pH Stepwise pH=-0.005Rain-0.051Temperature +0.076hgeo+8.915 0.78 0.56
Forward pH=-0.005Rain-0.051Temperature +0.076hgeo+8.915 0.78 0.56
EC=0.005Hgeo-0.023 Temperature
Electrical Enter +0.0001Rain+0.001Slope+0.0001Height+0.832 0.31 0.23
conductivity Stepwise _ _ _
Forward - - -
Clay=3.714Temperature +0.84Rain+106Slope-10.707V-
Enter 1.910-86 141 0.47 12.38
Clay . Clay=0.083Rain+3.890Temperature +0.024Height-
percentage  SePWise 1.948Hgeo-10.469V-87.544 0467 12.37
Clay=0.083Rain+3.890Temperature +0.024Height-
Forward 1.948Hgeo-10.469V-87.544 0467 12.37
silt=0.510Temperature -3.439Hgeo-0.029Rain-
Silt Enter 0.123Slope+0.001Height+47.501 033 98
percentage Stelese Sllt:7.171V'3.524ngO+47990 0.27 991
Forward silt=7.171V-3.524Hgeo0+47.990 0.27 991
Sand=3.743Hgeo-3.576 Temperature -0.070Rain-
Enter 0.119Slope-0.022Height+5.024V-+142.368 0.54 1577
Sand . Sand=3.691Hgeo0-0.061Rain-3.920Temperature -
percentage Stepewise 0.22Height+143.060 0.56 15.73
Forward Sand=3.691Hgeo0-0.061Rain-3.920Temperature - 056 15.73

0.22Height+143.060

Ram

hgeo

Sensitivity to erosion of
rock units

Figure 2. Symbols in regression

For acidity, all three models showed almost the same statistics, indicating that all three
models can be used. Nevertheless, the Stepwise model calculates acidity faster and easier
because it has fewer parameters. A three-factor model includes temperature, precipitation, and
sensitivity of rock to erosion, all of which can be readily accessed. The results of this study
agree with those of Thomas et al (1999), who noted that stratigraphy may explain the pH of a
region. Rain removes alkaline elements such as calcium, magnesium, and potassium from the
soil, while acidic elements such as hydrogen, aluminum, and manganese remain. Therefore,
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rain-soaked soils are generally more acidic than dry soils in areas with a lot of rain. Although
this is not always the case, other factors can also affect soil pH. As for acidity and parent
material, the soil is also acidic if the main rock from which it was formed is acidic, such as
granite. Furthermore, soils formed with limestone become alkaline (Zhang et al., 2019). In the
long run, however, soil texture determines how much rain affects the soil. The organic matter
in clay and loamy soils is more abundant, and their elements are more cohesive than those in
sandy soils. Therefore, these soils are more resistant to the leaching of alkaline elements by rain
(Kaiser et al., 1992). Precipitation-induced acidification of soil does not occur in a single
growing season and requires hundreds of years of heavy precipitation. In sandy soils, pH
changes more rapidly because the soil elements are less tightly bound together and water moves
faster. The distance between soil particles allows the water to flow from the soil particles and
wash the soil elements along with it. Clay soil with poor drainage enables less water to pass
through soil particles, which reduces leaching (Rostaei et al., 2021). Concerning electrical
conductivity, only the Enter method provided a model, and in the other two methods, the
parameters were not included. A soil's electrical conductivity depends on the amount of cations.
In other words, the more cations there are the higher the electrical conductivity (Salehi, 2013).

Three methods were used to model soil clay percentage. We found that the Stepwise method
with a smaller RMSE was more suitable for this estimate based on two statistics. A Stepwise
approach was also chosen to calculate silt percentage due to its appropriate statistics and lower
number of factors. The model included organic carbon proportions and the erosion sensitivity
of rocks. The above method also determined the percentage of sand faster than other
approaches. All obtained models showed a positive sign indicating a direct linear relationship,
and a negative sign indicating an inverse linear relationship. In terms of soil texture, clay and
silt levels decreased at higher heights, whereas sand levels increased. The percentage of soil
particles greatly affects vegetation. For instance, species are more likely to occur in soils that
have more silt, since silt causes more moisture to be stored near the roots, while sand increases
the permeability and dries the soil rapidly (Shaksteband et al., 2017).

Based on regression modeling, Su Kim et al. (2020) determined the equations for shear
strength and permeability coefficients, concluding that the permeability coefficient was
associated with porosity ratio, effective grain size, and uniformity coefficient. Furthermore,
shear strength is associated with the ratio of fine-grained soil, uniformity coefficient and degree
of saturation, dry weight density, and porosity ratio. Azadpour et al. (2014) evaluated the ability
of parametric transfer functions to estimate the absorption branch of the soil water characteristic
curve in Boeen Zahra city. They found that using the extracted regression equations caused the
RMSE of the transfer functions of Mayer and Jarvis (1999), Westen et al. (1999), Campbell
(1985), and Sexton et al. (1986) to decrease by 140, 174, 132, and 113%, respectively.
Consequently, it improved the estimate of the absorption branch of the soil water characteristic
curve. Bayat et al. (2016) estimated soil thermal diffusivity using regression transfer functions
and concluded that the best models for estimating coefficients of thermal diffusivity were
models with saturated clay, silt-to-sand ratio, and hydraulic conductivity. Ostvari et al (2020)
estimated the tolerable limit of soil loss using linear and tree regression methods. They noted
that as a result of the higher determination coefficient in the data, the tree regression method
with an estimated average tolerable soil loss limit of 1.08 tons per hectare per year was more
efficient than multiple regression with an estimated average tolerable soil loss limit of 1.13 tons
per hectare per year.

Kassai & Sisak (2018) used 12,400 soil samples and a 1:100,000 scale geologic map to create
a highly accurate soil map by plotting the relationship between geology and soil in Hungry.
They considered three important characteristics of soil, including pH, organic matter, and
alkaline cations, and noted that soil maps must be created by classifying parent materials
geochemically, and climate is more important than geology. Furthermore, Javadi et al. (2018)
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studied the southern part of the Urmia Plain and concluded that among the five factors of soil
formation, mother material has played a significant role in soil formation. The lime present in
all soil types, whether geogenic or pedogenic, is derived from parent material and was found in
most formations of the studied watersheds. Moreover, Bayat et al. (2015) concluded that chalk
soil-forming consequences are the main ones observed in Cretaceous formations and limestone
type’s consequences are mainly associated with Neogene formations in Bardsir region. Hagan
et al. (2007) also studied the Sawadkoh in Mazandaran and concluded that there were no
significant differences between the soil properties in terms of organic matter, organic carbon,
potassium, and phosphorus in the formations, whereas other soil properties differed
significantly between the various formations.

Conclusion

In this study, we found that soil formation factor maps can be used to prepare maps of soil
physicochemical properties in different regions with the aid of more extensive modeling. In
addition to speeding up the study, this approach will also help to propose and implement
management actions and decisions more quickly and accurately, since soil-building factors and
physiochemical properties are interconnected.
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