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Extended Abstract

Background and Objective: Forests provide a wide range of ecosystem services, but the expansion
of human populations has led to the degradation and conversion of these ecosystems. Land cover
change alters the physical, chemical, and biological properties of soil. Soil texture is a key factor in
assessing soil fragility and susceptibility to erosion, and indicators such as the Clay Ratio (CR),
Modified Clay Ratio (MCR), and Critical Level of Soil Organic Matter (CLOM) can offer valuable
insights into soil erodibility. Land-use changes and vegetation loss reduce soil fertility and disrupt
biogeochemical cycles. Therefore, comprehensive monitoring of biological indicators is essential
for accurately assessing soil fertility. This study aimed to examine the effects of forest degradation
on soil texture, sediment yield, and biological fertility across three land uses—forest, forest—
rangeland ecotone, and rangeland—under semi-arid mountainous conditions.

Material and Methods: The study was conducted in the summer pastures of Mikhsaaz village,
Kojur District, Nowshahr County, Mazandaran Province, northern Iran. During the summer of 2023
(1402 in the Persian calendar), a total of 20 soil samples were collected from each land-use type at
two depths (0—15 cm and 15-30 cm). Soil texture indicators, including CR, MCR, and CLOM, were
analyzed. Soil sediment yield was also measured across the three land uses. Soil fertility was
assessed using the Biological Fertility Index (BFI), a widely recognized global indicator. To
evaluate trends in soil fertility and related variables across the different treatments, Principal
Component Analysis (PCA) was performed using PC-ORD software under Windows.

Results: The analysis of soil texture indicators across the different land uses (forest, ecotone, and
rangeland) revealed that the highest and lowest CR and MCR values at both soil depths were found
in rangeland and forest areas, respectively, with statistically significant differences (P < 0.05).
CLOM was highest in forest soils at both depths. Additionally, the greatest amount of soil sediment
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was recorded in the rangeland (3.85 g/m?), while the lowest was observed in the forest (1.35 g/m?).
The BFI results indicated that the forest ecosystem maintained a moderate fertility level (total score
of 14), while the ecotone and rangeland (with scores of 12 and 11, respectively) were in warning or
pre-stress conditions. Furthermore, at the deeper soil layer, all three land uses in the semi-arid
mountainous ecosystem were in pre-stress or warning conditions. PCA results showed that among
the biological properties of soil, basal respiration, cumulative respiration, and microbial biomass
carbon were positively correlated with both organic matter content and CLOM.

Conclusion: This study demonstrated that deforestation and land-use change, by altering soil
texture and increasing sediment yield, contribute to a decline in biological soil fertility. Except for
the upper layer of soil in the forest land use, all other land uses and depths were classified as being
in warning or pre-stress conditions regarding fertility. These findings highlight the urgent need for
management interventions to conserve and restore ecosystems, particularly in semi-arid
mountainous regions. Given the slow pace of natural regeneration, protecting existing vegetation
should be a top priority in natural resource management. Additionally, degraded areas should
undergo active restoration, supported by targeted management strategies. Forest conservation and
sustainable resource management play a critical role in maintaining soil quality and fertility. These
findings can help optimize management strategies and deepen our understanding of vulnerable
ecosystem dynamics.
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Table 3. Classes of the Biological Fertility Index (BFI)
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Figure 2. Mean + standard error of clay content across the studied land uses (different capital letters
indicate significant differences among land uses at P < 0.05; different lowercase letters indicate
significant differences between the two soil depths at P < 0.05).
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Figure 3. Mean + standard error of modified clay ratio across the studied land uses (different capital
letters indicate significant differences among land uses at P < 0.05; different lowercase letters indicate
significant differences between the two soil depths at P < 0.05).
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Figure 3. Mean =+ standard error of critical level of soil organic matter across the studied land uses
(different capital letters indicate significant differences among land uses at P < 0.05; different lowercase
letters indicate significant differences between the two soil depths at P < 0.05).
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Figure 5. Mean + (standard error) of soil sediment in different land uses (different letters indicate
significant differences among land uses at P < 0.05)
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Figure 6. Relationship between studied land uses and soil characteristics in PCA analysis. F: Forest, FR: Forest-
rangeland, R: Rangeland.
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Table 4. Biological Fertility Index (BFI) for the studied land use.
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Table 5. Pearson correlation between different soil properties
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** and * indicate significance at the 1% and 5% confidence levels, respectively.
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