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ABSTRACT

Dolines as karst landforms play an important role in soil formation. In this study, the
morphometry of dolines and their relationship with the physicochemical characteristics
of soil in Noakoh Anticline in Kermanshah province were evaluated. Chemical and
physical characteristics of 36 soil samples of dolines were collected and measured in
the laboratory. Also, digital elevation model (DEM; 13 cm) obtaining from UAV
images, was used to measure the morphometric parameters of dolines. Pearson’s
correlation and T-tests were performed on data using SPSS software. Results showed
that large dolines have higher slope, depth and roundness, as well as sandy soils, and
higher EC, pH, potassium, phosphorus, water holding capacity and soil organic carbon.
Also, low- elevation dolines have higher values of area, slope, depth, roundness, and
host soils wih higher EC, PH, potassium, water holding capacity, organic carbon, and
saturation percentage than high elevation dolines. The dolines located in the plunge of
the anticline have higher values of area, slope, depth, roundness and cntain soils with
higher values of clay%, EC, PH, potassium, water holding capacity, organic carbon and
saturation percentage than the dolines in the central part. The mean of the most
morphometric parameters and physicochemical characteristics of the soil in steeper-
slope dolines is higher than in low-slope dolines. Therefore, the morphometric and
pedological differences of dolines show that their formation and evolution are more at
lower altitudes, plunged areas and steeper slopes. In general, vegetation, elevation,
slope and type of precipitation play an important role in morphometric differences and
soils in dolines.
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Introduction

Geomorphological landforms are considered as important environmental factors affecting soil characteristics (Yin et
al., 2011). Karstic landforms have distinct topography that results from the process of acid water solubility on carbonate
beds (Yang et al., 2014). One of the karst landforms are closed depressions called dolines, which are usually circular
and almost funnel-shaped in plan, and in some cases, they are also elliptical (Jacob et al., 2022). Difference in he
microclimate and mrphmetry of doline can result in the variation in the physicchemical properties of their soils. In some
cases, the soils of dolines have a high concentration of nutrients and essential compounds for plant growth, and hence
they can be considered as optimal soils for crops (Quintero Ruiz et al., 2019). Among the internal and external studies
that have been conducted on the morphometry of dolines, limited studies have focused on the impact of dolines on soil,
vegetation and living organisms. In this article, the effect of morphometry of dolines of Noakoh Anticline on the
physical and chemical characteristics of their soil has been studied. Noakoh Anticline is located in the Zagrs Folded
Belt. The NW-SE trending Noakoh Anicline is located between 34° 10" to 34° 23’ north latitude and 45° 58 to 46° 14’
east longitude. The climate of the studied area is semi-arid to Mediterranean with cool winters and dry summers.

Methodology

A total number of 36 dolines were selected to study the relationship between the morphometry of dolines and the
physicochemical characteristics of their soil. In order to precise calculation of morphometric prperies of dolines, 13 cm
DEM prepared from high resolution UAV images were used. The morphometric features calculated in this research
include: area, perimeter, depth, length, width, height above sea level, circularity ratio, elngatin ratio, and slope. In order
to investigate the physical and chemical characteristics of the soil of dolines, 36 soil samples were taken from the depths
of 0 to 20 cm from the bottom of dolines. Parameters of soil acidity (pH), electrical conductivity (EC), phosphorus (P),
absorbable potassium (K), sodium (Na), calcium carbonate (CaCO3), saturated moisture percentage (Sp), water holding
capacity (WHC), soil texture and total organic carbon (TOC) were measured. Then Pearson’s correlation and T tests
were performed on data using SPSS software.

Results and Discussion

The results of the present study on 36 dolines formed in the Asmari limestone of Noakoh Anticline show that the slope
aspect was one of the most important influencing factors in the formation of dolines, so that all dolines were formed in
the northeastern slope of the anticline. Data shows that larger dolines are more circular in shape and have greater
topographic depth and slope, and also have better quality soils that show the evolution of dolines. Statistical studies
show that the height parameter has played an important role in the difference in the morphometry of dolines and the
soil formed in them. The dolines formed at lower altitudes are larger, deeper, more circular and steeper than the dolines
of higher altitudes. Also, the dolines formed at lower altitudes have relatively finer textured soils, with higher amounts
of organic matter, potassium, acidity, electrical conductivity, water storage capacity, and saturated moisture than high
higher altitudes dolines. The results show that the average soil phosphorus in dolines located in high altitude areas is
higher than in low altitude dolines. Although the soil phosphorus of the dolines of the study area has no statistically
significant correlation with other variables, but its values are higher in high altitudes and central areas of the anticline
because these areas have more frost and less soil washing. The findings of this research show that the dolines located
on steep slopes are often larger, deeper and more circular in shape, and also have soils with coarser texture, and higher
values of EC, pH, and potassium. the storage capacity of water, organic carbon, saturated moisture and phosphorus
compared to the dolines located on the lower slope. This issue can be attributed to more movement of water in relatively
steeper slopes, which causes more evolution of dolines and the formation of better-quality soil in them. Due to the active
tectonics in the anticline, the plunged part of the anticline is younger than the central part of the anticline. Although the
plunged part of the anticline is tectonically younger, its lower height and denser vegetation have caused more evolution
of dolines.
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Conclusions

In this sudy, the morphometry of the dolines of Noakoh Anticline and its effect on the physical and chemical
characteristics of the soil was evaluated. The higher humidity and dense vegetation of the northeastern flank of the
anticline has resuled in the karstification and doline fmation. The results show that the morphometry of dolines and soil
characteristics are affected by altitude, so that the low altitudes located in the plunged part of the anticline have larger
dolines with more developed soils due to denser vegetation and more carbon dioxide production. In the plunged section,
well developed dolines with more circular, larger, deeper, and steeper gradients have formed compared to the dolines
in the highlands. Also, the plunged part of the anticline has relatively finer textured soils, with higher amounts of organic
matter, potassium, acidity, electrical conductivity, water holding capacity and saturated moisture compared to the higher
altitude dolines of the central part. In terms of morphometry, the dolines located in steep slopes, often located in the
northeast slope and low altitude of the anticline, are larger, deeper and more circular than the dolines located in the
lower slopes. The soils of dolines located at steeper slopes also have coarser texture and high values of EC, pH,
potassium, water holding capacity, organic carbon, saturated moisture and phosphorus. In general, it can be concluded
that the morphometry of dolines in the studied area have fundamental differences in terms of morphometry and soil
characteristics, and these differences are caused by the factors of height, topographic slope, vegetation and slope
direction.
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Fig(1): a; The geographical location. b; the Geological map of Noakoh anticline .
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Fig (2): a; The northeastern slopes of Navakoh anticline with dense forest cover. b; Pasture vegetation at
altitudes above 1900 meters. c; Dense forest vegetation at low altitudes of 1900 meters.
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Fig(4): Comparison of mean values of soil parameters (clay %o, silt%, sand%, clay-+silt%, saturated moisture percentage (Sp), water
holding capacity (WHC), water holding capacity (WHC), electrical conductivity (EC), sodium (Na), potassium (K), phosphorus (P), soil

acidity (pH), organic carbon (OC)) and morphometry of dolins (elevation, area, perimeter, slope, length, width, elongation ratio,
circulatory ratio) in four position (elevation, area, structural position and slope).
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Table (2): Correlation results between morphometric parameters and soil of dolines
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