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Article Info Abstract
Article type: Rangelands, as natural ecosystems, play a significant role in maintaining carbon balance of
Research Article the environment. This study aimed to Identification of Carbon Sequestration Patterns under

the Influence of Climatic, Soil, and Topographic Factors in the Rangelands of Northern

Sabalan, located in Meshginshahr County. Soil sampling was conducted in two types of

vegetation cover- grassland and shrubland- across four main geographical directions and at

Article history: two soil depths (0—15 and 15-30 cm). Data were collected for 24 different soil properties. To
Received: 15 May. 2025 perform sta.tistical apalyses, the normality of the data was first assessed, followed by a one-
Revised: 27 Jul. 2025 way analy31s_ of variance (A_NOVA) and Duncan’s multiple range test to compare the mean
Accepted: 03 Aug, 2025 values of different properties between grasslands and shrublands. Principal Component
} L Analysis (PCA) was also used to evaluate data structure. The results revealed that clay content,
Published online: 01 Jan. 2026 silt, organic carbon, particulate organic carbon, total nitrogen, and soil carbon sequestration
were significantly higher in grasslands than in shrublands (p<0.01). In contrast, sand content,
pH, and electrical conductivity were significantly higher in shrublands than in grasslands
(p<0.01). The northern slope exhibited higher levels of clay, silt, organic carbon, and carbon

Keywords: sequestration compared to the southern slope. Additionally, increasing soil depth led to
Ardabil Province, decreases in organic carbon, total nitrogen, and carbon sequestration. PCA showed that the
Rangelands of Northern Sabalan, first two components explained 36.30% of the total variance. Sand content, precipitation, and
Rangeland Ecosystem Sustainability, organic carbon having the highest correlation with the first component, while slope percentage
Soil Health, and litter showing the strongest correlation with the second component. These findings
Soil Organic Carbon, indicate that soil physical and chemical properties- particularly those affected by climatic
Standardized Precipitation Index. gradients and topography- significantly influence carbon sequestration. The results provide a

scientific basis for rangeland management and enhancing the effectiveness of carbon storage
strategies in arid and semi-arid regions.
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EXTENDED ABSTRACT

Introduction: Grasslands, which cover more than 50% of the Earth's terrestrial surface, play a pivotal role in the
global carbon and nitrogen cycles and are recognized as significant carbon reservoirs. It is estimated that
approximately 10% of global biomass carbon and 30% of soil carbon are stored in grasslands. By sequestering
carbon in both soil and vegetation, grasslands help mitigate the impacts of climate change and provide essential
ecosystem services, such as regulating the water cycle and preventing soil erosion. Carbon sequestration, defined
as the process of capturing atmospheric carbon and storing it in plants and soils, is fundamental to maintaining
ecosystem balance- particularly in the context of climate change. Soil is considered one of the most important carbon
sinks, and enhancing carbon sequestration in soils can significantly reduce greenhouse gas emissions. Besides,
physiographic factors such as slope, aspect, and elevation influence the type and density of vegetation cover as well
as soil characteristics, all of which ultimately affect the rate and capacity of carbon sequestration. These factors,
therefore, play a critical role in determining a landscape’s carbon storage potential. Land degradation negatively
impacts various soil properties, including its ability to sequester carbon, leading to increased carbon dioxide (CO,)
emissions into the atmosphere. However, appropriate land management practices can reverse these adverse effects
and enhance the soil’s carbon sequestration potential.

Materials and Methods: The study area is located in the northern rangelands of Mount Sabalan, within the
Fakhrabad—Shabil altitudinal zone, covering approximately 5,500 ha. It is situated about 35 km southeast of
Meshginshahr County. Soil samples were collected from two types of vegetation cover- grassland and shrubland-
across four cardinal directions (north, south, east, and west) and at two soil depths (0—15 and 15-30 cm). Following
laboratory analyses and development a comprehensive database, data were recorded for 24 variables, including: bare
soil, rock and gravel cover, clay, silt, sand, organic carbon, particulate organic carbon, nitrogen, pH, electrical
conductivity, precipitation, average temperature, canopy cover, plant density, litter, slope, aspect, elevation, flow
accumulation, hillshade, standardized precipitation index (SPI), topographic position index (TPI), terrain ruggedness
index (TRI), topographic wetness index (TWI), and carbon sequestration. The normality of soil and land cover
variables was assessed using the Kolmogorov—Smirnov test (Habibi & Sarabadani, 2022). To evaluate the main effects
of soil depth (0—15 and 15-30 cm) on soil and vegetation characteristics, independent t-tests were conducted using
IBM SPSS Statistics 26.0. Additionally, one-way analysis of variance (ANOVA) was employed to assess mean
differences among multiple groups, with the F-statistic applied to test the significance of those groups. Where
significant differences were found, Duncan’s multiple range test was used for more detailed pairwise comparison of
means. Finally, to reduce dataset dimensionality and identify the principal components that explained the largest
proportion of variance, Principal Component Analysis (PCA) was conducted using PC-ORDS5 software (McCune &
Grace, 2002). Spatial analysis and mapping were also performed using ArcGIS 8.0 software.

Results and Discussion: The results showed that among the physical and chemical soil properties, the levels of
clay (13.02%)), silt (26.64%), organic carbon (2.71%), particulate organic carbon (2.18%), total nitrogen (0.36%),
and soil carbon sequestration (59.36 t ha'') were significantly higher in grasslands compared to shrublands (p <
0.01). In contrast, sand content (73.01%), pH (6.75), and electrical conductivity (399.68 uS cm™') were significantly
greater in shrublands (p < 0.01). Clay (25.21% in the north vs. 8.83% in the south) and silt (29.20% in the north vs.
16.42% in the south) contents were also significantly higher on the northern slope compared to the southern slope.
Similarly, organic carbon (3.16% in the north vs. 2.09% in the south) and soil carbon sequestration (68.05 t ha™! in
the north vs. 44.87 t ha! in the south) were significantly greater on the northern slope (p < 0.01), indicating more
favorable conditions for carbon storage in this region. Specifically, carbon sequestration values were 68.05 and
44.87 t ha'! for the northern and southern slopes, respectively. The analysis of soil property variations between the
two depths (0—15 cm and 15-30 cm) showed that several chemical properties significantly declined with increasing
depth. For instance, organic carbon at 0—15 cm to at 15-30 cm decreased from 2.53% to 2.14%, particulate organic
carbon from 1.85% to 1.50%, total nitrogen from 0.31% to 0.25%, and soil carbon sequestration from 53.03 to 47.69
tons per hectare (p <0.01). Finally, PCA revealed that the first two components accounted for the greatest proportion
of variance in the dataset (36.30%). Sand content, precipitation, and organic carbon were most strongly correlated
with the first component, while slope and litter showed the strongest correlation with the second component.

Conclusion: It could be concluded that the northern slopes, due to their higher clay, silt, and organic carbon, had a
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greater capacity for carbon sequestration, whereas the eastern and western slopes showed lower performance.
Additionally, the surface soil layer (0—15 cm) contained higher levels of carbon and nitrogen compared to the deeper
layer (15-30 cm). In terms of vegetation type, grasslands exhibited higher soil quality than shrublands, with greater
amounts of organic carbon and nutrients. These findings underscore the importance of sustainable rangeland
management and consideration of topographic and soil characteristics to enhance carbon sequestration and mitigate
the effects of climate change.

Keywords: Ardabil Province, Correlation Analysis, Rangeland Ecosystem Sustainability, Soil Health, Soil Organic
Carbon, Standardized Precipitation Index
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