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Abstract

The Sarbaz watershed—characterized by steep terrain, episodic intense rainfall, and sparse vegetation—
exhibits a high susceptibility to severe water erosion. This research investigated how varying water- erosion
intensities affect the physical, chemical, and biological attributes of soils within the Sarbaz watershed. Soil
sampling was conducted across four erosion- intensity classes (none, low, moderate, severe) at a depth of 0—
30 cm using a completely randomized design. Composite samples were analyzed via one- way ANOVA in
SPSS, and inter-parameter correlations were examined in R to identify significant statistical relationships.
Increasing erosion intensity reduced clay content (26.4— 18.1%), increased bulk density
(1.33 - 1.64gcm™ 3), and lowered both porosity and gravimetric moisture (14.4 — 6.7 %). Chemically,
substantial declines occurred in soil nutrients: SOC (11.87 —2.03 gkg™ '), TN (0.93 —0.17 gkg™ 1), AP
(18.5—42mgkg™ '), and AK (279 — 102 mgkg™ 1). Biological indices, including catalase activity,
microbial biomass, and basal respiration—also decreased markedly under higher erosion intensities. The
decline in microbial carbon relative to total carbon indicated reduced microbial participation in carbon
stabilization and biogeochemical cycling. Overall, water erosion substantially degraded soil structure and
functionality, with the most pronounced impacts on organic matter and microbial biomass—two critical
determinants of biological sustainability and fertility. Therefore, scientifically grounded management and
conservation strategies are indispensable for preserving and restoring the physical, chemical, and biological
integrity of soils across the Sarbaz watershed, constituting a foundational step toward sustainable land
management in this arid environment.

Keywords: Soil stability, arid and semi-arid soils, biogeochemical cycle, microbial activity, catalase
enzyme.
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Extended Abstract

Introduction

Soil erosion is one of the most widespread environmental problems and leads to considerable degradation of
soil quality in natural ecosystems (23). Wind and water erosion are recognized as the two major types of
erosion, which often occur together and interact strongly in arid and semi- arid regions (42). The total
amount of soil lost through their combined effects is generally higher than that caused by each type of
erosion separately (15).

Among these, water erosion is regarded as one of the most serious threats to soil quality, especially under
arid and semi- arid climate conditions. It reduces soil organic matter, disturbs the nutrient balance, and
weakens microbial activity, thereby affecting the soil’s overall ecological functioning. The Sarbaz watershed,
located in southeastern Iran, is characterized by steep slopes, sparse vegetation cover, and limited but intense
summer rainfall. These factors create favorable conditions for surface runoff, flash floods, and severe water
erosion.

The impacts of erosion in this region extend beyond the direct degradation of soil. They also contribute to
downstream sediment accumulation, damage to agricultural lands, and a higher risk of flooding. Although
the Sarbaz watershed is ecologically important and highly sensitive to erosion processes, comprehensive
research on how different levels of water- erosion intensity influence its soil properties has been limited.
Therefore, this study aims to examine the effects of varying intensities of water erosion on the physical,
chemical, and biological characteristics of soil in the Sarbaz watershed, and to provide scientific insights for
effective conservation planning and sustainable soil- resource management.

Materials and Methods

Soil sampling in this study was carried out using a completely randomized design. Initially, erosion and
sedimentation maps available for the region were used to classify the intensity of soil erosion (Fig. 1),
including four categories: no erosion, low erosion, moderate erosion, and severe erosion (Table 1). In each
erosion category, four homogeneous areas with similar physiographic conditions were selected. Within each
area, five soil samples were taken — one from the center and four arranged in a plus-shaped pattern around
it. Sampling was performed from a depth of 0—30 cm. For each erosion category, samples collected from
homogeneous areas were mixed to form a composite sample. Immediately after collection, the samples were
divided into two parts. The portion intended for analyses of biological properties was transferred to the
laboratory in sealed containers to maintain the original moisture condition and was kept near dry ice during
transport. These samples were not sieved and were stored in a refrigerator until biological measurements
were conducted. The remaining portion was used for determining physical and chemical properties. These
samples were air-dried and passed through a 2 mm sieve (12). Statistical analyses were performed using
one-way analysis of variance (ANOVA) in SPSS software. Duncan’s multiple range test at a 95%
confidence level was employed to compare mean values. Correlations among the studied soil parameters
were also evaluated using R software.

Results and Discussion

The results of this study revealed that various intensities of water erosion significantly affected the physical,
chemical, and biological properties of soils in the Sarbaz watershed. From a physical standpoint, increasing
erosion intensity was associated with a reduction in clay content, an increase in bulk density, and a decrease
in soil porosity. A marked decline in gravimetric moisture—from 14.4 % in non- eroded soils to 6.7 % in
severely eroded soils—along with an increase in bulk density from 1.33 to 1.64 gcm™ 3, indicated a
reduction in the soil’s water- retention capacity and greater compaction (Tables 2—4). Chemical analyses
showed that higher erosion intensity caused a clear depletion of essential soil nutrients. The contents of
organic carbon, total nitrogen, available phosphorus, and potassium declined significantly with increasing
erosion severity. For example, organic carbon decreased from 11.87 gkg™ ! in non- eroded soils to
2.03 gkg™ 1in severely eroded soils, and similar trends were observed for other nutrients (Tables 5-7). This
overall reduction indicates a decrease in soil fertility and a disruption of biogeochemical cycles. Regarding
biological properties, catalase enzyme activity, microbial basal respiration, and microbial biomass were all
considerably lower under eroded conditions (Tables 8-10). Likewise, the ratio of microbial carbon to total
carbon—which represents the contribution of microorganisms to soil organic carbon stabilization—declined
significantly with increasing erosion intensity. This decrease reflects a deterioration in soil biological quality
and a reduced role of microbial communities in carbon fixation. These changes are mainly attributed to
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erosion- induced loss of organic matter, deterioration of soil structure, reduction in moisture, and decreasing
habitat suitability for microorganisms. Overall, an increase in erosion intensity led to a simultaneous decline
in the physical, chemical, and biological indicators of soil quality. This joint degradation has a substantial
adverse impact on the ecological functioning of soils and threatens the environmental sustainability of the
Sarbaz watershed.

Conclusion

In arid and semi- arid areas, water erosion severely reduces soil ecosystem efficiency by causing extensive
changes in soil structure and composition. From a physical perspective, the decline in clay percentage and
the breakdown of soil aggregates result in higher bulk density and lower porosity, which in turn restrict
water- retention capacity and soil aeration. Because clay plays a key role in aggregate stability as well as in
water and nutrient retention, its reduction has a clear negative effect on overall soil quality (30). From a
chemical standpoint, the decrease in essential nutrients such as organic carbon, nitrogen, phosphorus, and
potassium reflects a decline in the soil’s nutritional capacity and fertility potential. These findings agree with
previous reports indicating that water erosion removes the nutrient- rich surface layers of soil (20).
Reduction in soil organic carbon is among the most pronounced consequences of erosion, as fine,
carbon- rich particles are selectively displaced and later deposited in sedimentary zones (23). On the
biological side, reduced enzyme activities such as catalase, along with declines in microbial biomass and
respiration, demonstrate weakened biological functioning and reduced microorganism populations (18).
These components are crucial for processes such as carbon stabilization and nutrient cycling (45). The
combined physical, chemical, and biological degradations triggered by erosion threaten the environmental
sustainability of the region and further intensify the erosion cycle. Therefore, maintaining soil texture and
organic matter, particularly in non- eroded areas, is essential for controlling and mitigating the adverse
effects of water erosion. Developing management strategies based on ecological principles and applying
effective conservation practices represent key steps toward restoring soil properties and strengthening the
resilience of natural resources in the Sarbaz watershed.

Keywords: Soil stability, Arid and semi-arid soils, Biogeochemical cycle, Microbial activity, Catalase
enzyme.

Table 1. General characteristics of the study working units

Working Unit Dominant Land Use Elevation Class (m) Aspect Slope Range (%)
No erosion Poor range 790-900 North & South 2-14
Low erosion Poor range 900-950 North & South 2-16
Moderate erosion Poor range 950-1300 East & West 12-25
severe erosion Poor range 1300-1650 East & West 25-45

Table 2. Analysis of variance for the effects of erosion intensity on soil physical properties

Soil parameters df Mean Squares F sig

sand (%) a,eim’ienegguo;sps 136 zfgéf 226.7 zero™
- O
Clay (%) S\fitt‘;\vfnegguo;’sps 136 117.'37 135 0.002"
Moisture (%) \I?Veitt\;]vienerégruosjsps 136 303?53 65.9 zero”
Bulk Density (g/cm® S\fitt\;]vfnegguosjsps 136 0%5081 71.5 zero™
Porosity (%) S\Ztt\;‘vf neré%ruo;sps 136 1092'30 120.1 zero”

** Indicate significance at the 1% probability levels.
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Figure 1. Location of the Sarbaz watershed within the province and the country
(1 =no erosion, 2 =low, 3 =moderate, 4 = severe erosion)

Table 3. Mean comparison for the effects of erosion intensity on soil physical properties

Soil parameters

Erosion intensity

No erosion low Moderate intensity
Sand (%) d50.3+0.6 c57.0+05 b 65.0 £0.5 a71.0+05
Silt (%) a27.6+0.3 b226+0.3 c17.3x0.6 d125+0.2
Clay (%) a2l.7+1.02 a20.2+0.6 b17.6+0.3 b16.4+04
Moisture (%) ald4+03 b12.1+£05 c95+x04 d6.7+1.0
Bulk Density (g/cm®) d 1.33 £ 0.005 ¢ 1.42 +0.008 b 1.56 + 0.01 al.64+0.02
Porosity (%) a48.0+0.5 b 46.0+0.5 c41.3+0.3 d35.0+0.5
Different letters within each Row indicate a significant difference (p<0.05)
Table 4. Results of correlation coefficient analysis among soil physical properties
Erosion Sand Silt Clay Moisture BD N
Erosion 1
Sand 0.99 1
Silt -0.99 -0.99 1
Clay -0.90 -0.93 0.88 1
Moisture -0.97 -0.98 0.97 0.91 1
BD 0.97 0.97 -0.96 -0.91 -0.94 1
N -0.96 -0.95 0.96 0.84 0.95 -0.91 1
Table 5. Analysis of variance for the effects of erosion intensity on soil chemical properties
Soil parameters df Mean Squares F sig
. Between Groups 3 57.2 o
0,
Organic Carbon (%) Within Groups 16 0.05 982.1 zero
. Between Groups 3 0.26 wox
0,
Total Nitrogen (%) Within Groups 16 0.02 113.9 zero
. . Between Groups 3 11699.8 ok
Available Potassium (mg/kg) Within Groups 16 18.6 626.7 zero
. Between Groups 3 254 o
Available Phosphorus (mg/kg) Within Groups 16 071 356.7 zero
Between Groups 3 0.01 ns
pH Within Groups 16 0.01 168 0.24
Between Groups 3 3.18 o
EC (dS/m) Within Groups 16 001 4609.9 zero

** and * indicate significance at the 1% and 5% probability levels, respectively.
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Table 6. Mean comparison for the effects of erosion intensity on soil chemical properties
Soil parameters Erosion intensity
P No erosion low Moderate intensity
Organic Carbon (%) all8+1.0 b9.2+10 c5.01+1.0 d 2.03£0.04
Total Nitrogen (%) al0x0.04 b 0.83+£0.02 c0.62+0.01 d0.33+£0.01
Available Potassium (mg/kg) a224.6+32 b 193.3+2.3 €142.08+£2.0 d82.0+0.2
Available Phosphorus (mg/kg) al21+1.0 b9.7+0.03 c7.2+10 d55+£1.0
pH a7.97+0.07 a8.06 +0.06 a8.0+0.04 a7.89+0.02
EC (dS/m) d0.8+0.01 c1.1+0.07 b1.7+0.06 a3l1+10
indicate a significant difference (p<0.05) Different letters within each Row
Table 7. Results of correlation coefficient analysis of soil chemical Properties
Erosion oC TN AK AP pH EC
Erosion 1
ocC -0.99 1
TN -0.98 0.97 1
AK -0.98 0.98 0.98 1
AP -0.99 0.99 0.96 0.97 1
pH -0.34 0.33 0.38 0.40 0.28 1
EC 0.93 -0.93 -0.95 -0.96 -0.91 -0.49 1
Table 8. Analysis of variance for the effects of erosion intensity on soil biological properties
Soil parameters df Mean Squares F sig
- . Between Groups 3 341 o
1
Catalase Enzyme (umol KMnO, g~ tdry soil) Within Groups 16 0.00 433.1 zero
. S Between Groups 3 58958.4 o
Microbial Biomass Carbon (mg/kg) Within Groups 16 304 1938.3 zero
T . Between Groups 3 633.5 o
Microbial Biomass Nitrogen (mg/kg) Within Groups 16 05 1243.0 zero
. . s . Between Groups 3 0.23 -
Basal Microbial Respiration (mg CO, /g soil-day) Within Groups 16 0.00 206.3 zero
. . . _ . Between Groups 3 4.96 -
7 1
Microorganism Population (CFU x107 g~ * dry soil) Within Groups 16 0.00 841.3 zero
. . . . Between Groups 3 3.17 -
Microbial Quotient (mg Cmic / g Corg) Within Groups 16 0.00 365.4 zero
**Significant difference between treatments at the 1% level
Table 9. Mean comparison of erosion effects on soil biological properties
Soil parameters Erosion intensity
P No erosion low Moderate intensity
Catalase Enzyme (umol KMnO, g~ 1 dry soil) a3.05+0.05 b207+005 c¢1.06+0.03 90.68 +0.05
Microbial Biomass Carbon (mg/kg) a370.0+45 b273.3+2.3 c143.0+25 9523417
Microbial Biomass Nitrogen (mg/kg) a39.6+0.5 b30.1+04 c17.7+0.3 96.3+0.2
Basal Microbial Respiration (mg CO; /g soil-day) a0.85+0.03 b054+0.01 ¢0.38+0.01 d 0.19 + 0.008
Microorganism Population (CFU x107 g~ * dry soil) a3.07+0.06 b209+005 c0.84+0.02 d0.18 £0.01
Microbial Quotient (mg Cmic / g Corg) a3.5+0.07 b 2.8+0.06 c2.1+0.008 d1.1+0.03
Different letters within each Row indicate a significant difference (p<0.05)
Table 10. Results of correlation coefficient analysis among soil biological properties
Erosion Catalase MBC MBN MP MR MQ
Erosion 1
Catalase -0.98 1
MBC -0.99 0.98 1
MBN -0.99 0.97 0.99 1
MP -0.98 0.98 0.97 0.97 1
MR -0.99 0.99 0.99 0.99 0.97 1
MQ -0.99 0.95 0.98 0.99 0.97 0.97 1
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