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Figure 1- Location of the Treated and Control Sub-Watersheds of the Khamsan Watershed in Kurdistan Province and Iran.
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Figure 2- Location of the Reference Sites Around the Khamsan Watershed.
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Figure 3- Mean Vertical Distribution of 37Cs for 11 Reference Points.
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Figure 4- Land Use/Land Cover Map of Treated and Control Sub-Watersheds and the Location of Sampling Points.
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Figure 5- Slope Map of Treated and Control Sub-Watersheds and the Location of Sampling Points.
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Table 1- Land Use/Land Cover Area (ha) in Treated and Control Sub-Watersheds of the Khamsan Watershed

Sub-Watershed  Agriculture  Rocks  Rangeland  Rainfed  Contour trenching  Garden  Total
Treated 4.9 2.8 334 40.8 13.9 33 99.17
Control 0.3 2.9 46.4 39.8 0.7 0.2 90.30
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Table 2- Results of Measuring ¥Cs Inventories for Reference Sites and Sampling Points in Treated and Control
Sub-Watersheds.

Invento: Activit Bulk Densit,

Land Use (B/rnz)ry (Bq/kg})] (gr/em?) Y
land 3121.91 10.30 1.213
Rangelan 1597.63 6.36 1.004
Rangeland (Incremental) 2478.16 11.25 1.040
1539.68 7.92 1.555
Rangeland with Watershed Management Practices 3566.50 16.48 1.732
1142.47 6.24 1.465
Rangeland with Watershed Management Practices 2760.73 15.14 0.790
(Incremental) 2644.80 15.09 0.890
Mean of 11 Reference Points 2982.55 24.95 1.009
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Table 3- Calculating the Erosion and Sedimentation Rates for Soil Sampling Points Inside or Outside of the Treated
and Control Sub-Watersheds in Khamsan Watershed.

Slope Cllass Bulk Density Inventory Erosion/Sediment
%) Sub-Watershed Land Use (ar /Cmg) (Bq /mz) (ton/halyear)
20-30 1.213 3121.91 0.23
30-60 Treated Rangeland 1.004 1597.63 -0.70
20-30 1.555 1539.68 0.16
30-60 . 1.732 3566.50 6.95
30-60 Control Rﬁiﬂ:":ﬁg?& actgrcse};ed 1.465 1142.47 -0.80
30-60 g 0.890 2644.80 -0.40
30-60 0.790 2760.73 -0.30
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Table 4- Erosion and Sedimentation Rates of the Corresponding Points in the Treated and Control Sub-Watersheds in
Khamsan Watershed.

Land Use Control Sub-Watershed

Erosion/ Sediment (ton/ha/year)

Treated Sub-Watershed*

Rangeland (slope 20-30%) 0.23

Rangeland (slope 30-60%) -0.70

3.56
-0.50

*with watershed management practices
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Table 5- Total Erosion and Sedimentation and Net Erosion in Treated and Control Sub-Watersheds (ton/ha/year).

Sub-Watershed SDR Net Erosion Total Sedimentation Total Erosion
Treated 0.00 -2.521 4.112 1.590
Control 20.47 0.748 2.908 3.656
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Table 6- Sediment Delivery Ratio (%) for Different Slope Classes in Treated and Control Sub-Watersheds.

SDR (%
Slope Class (%) Treated Sub-Watershed ) Control Sub-Watershed
0-2 100.00 77.25
2-5 (Zero) -112.28 55.96
5-8 (Zero) -144.94 (Zero) -55.96
8-12 (Zero) -121.50 (Zero) -102.19
12-20 (Zero) -104.68 33.79
20-30 (Zero) -153.83 83.66
30-60 (Zero) -371.58 74.52
>60 (Zero) -3790.65 (Zero) -1720.00
Whole Sub-Watershed 0.00 20.47
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Extended Abétraclt

Introduction and Objective

Soil is a part of every ecosystem and one of the most valuable and important sources of food
production in every country, which plays a significant role in the continuation of human life. Today, soil
erosion is one of the most important threats to water and soil resources and has become one of the most
important human environmental problems. Soil supports food security and environmental quality, both
of which are essential for human life. The purpose of this research was to evaluate the performance of
watershed management measures in the treated sub-watershed of Khamsan representative watershed.
The lake of Gavshan Reservoir has receded at the maximum level to the outlet of the Khamsan watershed.
This has caused soil erosion from this watershed to enter the Gavshan dam lake directly and with the
shortest distance. Therefore, it is very important to evaluate the performance of the measures taken in
this watershed, especially based on the distribution map of erosion and sedimentation.

Materials and Methods

The first step of measuring soil erosion using cesium-137 is to select a control or reference area.
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Slope and land use maps were used to determine the final sampling points in this research. After
measuringtheactivity ofcesium-137 (becquerels perkilogram ofsoil), the presence of cesium-137 per square
meter of soil sample is needed to calculate soil erosion. The activity of cesium-137 in reference points
was compared with the activity of cesium-137 remaining in the research points. If the cesium-137 activity
of the soil samples was lower than the activity in the reference profile, soil loss and erosion occurred. The
increase in the activity of cesium-137 in the soil samples compared to the reference profile was indicative
of soil transfer to the sampling point and considered as a sedimentation site.

Results and Discussion

The results of the comparison of the same points in the rangelands in both treated and control
sub-watersheds showed that sedimentation conditions prevail over erosion. The amount of sedimentation
in the rangelands with watershed management measures (contour trenching, seeding and exclosure) in the
treated sub-watershed with a slope of 20-30% was more than the rangeland with the same characteristics
in the control sub-watershed. In rangeland with watershed management measures, erosion conditions
prevailed in the slope of more than 30-60%, but erosion in protected conditions was less compared to the
same point in the control sub-watershed.

Conclusion and Suggestions

The results of the amount of erosion and sedimentation in both treated and control sub-watersheds in
rangeland with a slope of 20-30% showed that sedimentation conditions prevail. However, the amount of
sediment deposition in the rangeland with watershed management measures in the treated sub-watershed
showed an increase of 1445.65% compared to the rangeland without protective measures in the control
sub-watershed, which indicates the positive effect of watershed management measures in the treated
sub-watershed rangelands with a slope of 20-30%. This finding shows the special effect of contour
trenching on increasing sediment trapping, reducing the volume and speed of runoff, and thus reducing
the power of sediment transfer. Also, in the slope of 30-60%, although erosion conditions prevailed in
both treated and control sub-watersheds, watershed management measures in rangeland in the treated
sub-watershed showed a 28.57% reduction in soil erosion compared to the same point in the control
sub-watershed. Considering the positive performance of watershed management measures,
especially contour trenching, it is suggested to use these measures in other watersheds similar to Khamsan
representative watershed.
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