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Extended Abstract

Introduction

The distribution of soil particle sizes is a key physical characteristic that affects soil structure and is closely related to soil texture
and behavior. This feature enhances the exchange of matter and energy in the soil environment. The distribution of soil particle
sizes not only influences soil permeability and organic matter content but also affects soil fertility, erosion susceptibility, soil
conservation, moisture and nutrient movement, vegetation productivity, environmental remediation, and land degradation. On the
other hand, human interventions and the improper use of soil based on its inherent potential have led to changes in various land
uses, resulting in floods, erosion, sediment yield, and soil transformation. Therefore, understanding the distribution of soil particle
sizes and determining the sensitivity of a region's soil to erosion can help illustrate the pattern of erosion distribution and ultimately
assist managers in making decisions regarding watershed management actions. Thus, in this study, we analyze soil particle size
distribution in various land uses/land covers in the Vaz watershed in Mazandaran Province using laser particle size analysis and
statistical indices.

Materials and Methods

In the present study, the land use map of the watershed was prepared using Landsat satellite images in remote sensing software
(ENVI). Then, using this map, the area of land uses and access routes to the region were determined, resulting in 47 sampling points,
including 25 points for forest, 13 points for rangeland, 4 points for agriculture, and 5 points for residential areas. Samples were then
collected in the field. The samples were exposed to open air to dry their moisture content subsequently, approximately 50 grams of
each sample were placed in an oven for final drying after removing straw, chaff, and other waste materials for 24 hours. Finally, 30
grams of each were placed in Falcon tubes and sent to the laboratory for laser analysis. After receiving the laser particle size
distribution results, these results were examined in terms of clay, silt, sand, pebble, mean particle size, sorting, skewness, kurtosis,
10d, 50d (median), and 90d. To extract particle size statistics and percentages of particle fractions, the GRADISTAT macro written
in Excel was used.

Results and Discussion

The results showed that the average particle size of clay, silt, sand, and pebble in forest land use was 1.03, 51.52, 45.39, and 2.06,
respectively; in rangeland use, it was 0.62, 52.41, 45.21, and 1.76; in agricultural land use, it was 1.33, 75.2, 23.39, and 0.08; and
in residential land use, it was 0.57, 36.96, 54.5, and 7.97. The particle size distribution in forest and rangeland uses indicates that
silt and sand fractions have the highest percentages, reflecting a balanced soil structure. This may be due to the influence of
vegetation and the accumulation of organic matter. Agricultural land use has a significant percentage of silt (75.2%), indicating a
finer texture, likely resulting from agricultural practices such as tillage. Residential land use shows a higher proportion of sand
(54.5%) and pebbles (7.97%), which is associated with construction activities in this land use. The evaluation of grain size statistics
reveals that the mean particle size in residential land use is 2.70 ®, in forest land use 3.99 @, in rangeland use 4.04 @, and in
agricultural land use 5.37 @, corresponding to fine sand, very fine sand, silt, and silt textures, respectively. The presence of sand
and pebble mines in the area and construction activities are the main reasons for the coarser mean particle size in residential land
use. The sorting (standard deviation) of soil particles in agricultural land use is 1.78 @, in residential land use 2.21 ®, in forest land
use 2.21 @, and in rangeland use 2.24 ®. According to Folk's classification, residential, forest, and rangeland uses have very poor
sorting, while agricultural land use has poor sorting. The skewness of particles in agricultural land use is -0.41, in rangeland use -
0.07, in forest land use -0.03, and in residential land use 0.23. Based on Folk's classification, skewness is nearly symmetrical in
forest and rangeland uses, skewed toward very coarse particles in agricultural land use, and skewed toward fine particles in
residential land use.
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Conclusion

In general, analyzing soil particle size is crucial for identifying erosion-sensitive areas. In this study, we conducted soil particle size
analysis in the Vaz watershed using sampling from various land uses/land covers and laser technology. The predominance of silt
and sand in the watershed indicates its sensitivity to erosion. Given that the Vaz watershed has a steep slope and considering the
construction activities throughout the watershed, as well as the low presence of stable particles (coarse particle size), it is
recommended that some watershed management actions be implemented in the upper part of the watershed. The results obtained
and the distribution map of soil particles can assist in prioritizing soil conservation measures and controlling erosion in the Vaz
watershed.
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Figure 1. Location of the study area in Iran and Mazandaran Province
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Table 1. Characteristics of geology in the Vaz watershed (Khatibi Roudbarsara et al., 2023)
Symbol Geology unit Age Resistance to erosion Value of sedimentation
K212 Limestone with high thickness Late Cretaceous Low Very high
Mm, s, 1 Marl, limestone, sandstone Miocene Non- resistance High
Pel Lime with medium to high thickness Paleocene-Eocene Non- resistance Very high
Plc Sandstone Pliocene Medium Medium
Qs,d Silty sandy clay Quaternary High High
TRIJs Dolomitic limestone Triassic Resistance Low
TRe Dolomite, limestone, sandstone Triassic Low Medium
TRel Dolomite, limestone Triassic Resistance Low
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Table 3. Area of land cover / land use & number of samples in Vaz watershed

Land use Area (ha) Soil sample Land use Area (ha) Soil samples
Forest 9312.2 25 Residential 545.7 5
Rangeland 4857.6 13 Water body 10.2 -
Agriculture 66.1 4
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Table 4. Types of soil particles sorted (Folk and Ward, 1957).

Types of soil particles

Numerical range of standard deviation

Types of soil particles Numerical range of standard deviation

sorted (D) sorted (D)

Very well sorted <0.35 Poorly sorted 1-2

Well sorted 0.35-0.5 Very poorly sorted 2-4

Well to moderately sorted 0.5-0.71 Extremely poorly sorted >4
Moderately sorted 0.71-1 - -

.(Folk and Ward, 1957) S& QI)S G.i),a olub Elgil -0 Jouo
Table S. Types of skewness classes of soil particles (Folk and Ward, 1957).

Types of soil particle skewness Numerical range

Types of soil particle skewness Numerical range

Very fine skewed 1.0-0.3 Coarse skewed -0.1--0.3
Fine skewed 0.3-0.1 Very coarse-skewed -0.3--1
Symmetrical 0.1--0.1 - -
3 Skewness ' Mean
4 Kurtosis 2 Sorting



Ao G5 Gty 31 oaliiw! b 5lg sudel Bj9n bl Bliseo (b piigs/ sl 63,15 40 S b 0510l 29397 lod Ao

.(Folk and Ward, 1957) Qgmy O3 SaniS Olab glgl -1 Joun
Table 6. Types of soil particles kurtosis (Folk and Ward, 1957).

Types of soil particle kurtosis Numerical range

Types of soil particle kurtosis Numerical range

Very platykurtic <0.67 Leptokurtic 1.11-1.5
Platykurtic 0.67-0.9 Very leptokurtic 1.5-3
Mesokurtic 0.9-1.11 Extremely leptokurtic >3
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Table 7. Results of soil particles’ size distribution in forest land use

Sample X (UTM) Y (UTM) Clay (%) Silt (%) Sand (%) Pebble (%)
1 603541 .4 4016702 0.38 46.39 53.23 0.00
2 602360.7 4017707 031 27.12 71.15 1.42
3 600468.9 4017087 223 57.06 40.71 0.00
4 599545.9 4023079 7.15 86.73 6.11 0.01
5 599187.8 4027353 0.71 5227 47.02 0.00
6 600681.4 4017939 1.60 46.84 51.55 0.01
7 601190.3 401805 1.85 55.92 42.22 0.01
8 605068.5 401650 0.94 75.39 23.66 0.01
9 600375.8 401790 0.98 4548 53.53 0.01
10 599549.3 402174 0.29 62.54 37.17 0.00
11 599117.1 402799 0.57 30.90 52.18 16.35
12 599443.9 401853 0.61 41.76 57.62 0.01
13 603112.7 401630 0.16 55.47 44.37 0.00
14 603281.4 401611 0.00 31.36 67.58 1.06
15 599271.1 401858 1.46 52.93 45.60 0.01
16 599148.7 402582 1.09 49.60 4931 0.00
17 600109.3 402998 0.90 46.42 52,67 0.01
18 598724.6 402515 0.11 18.34 61.55 20.00
19 597686.1 402568 1.08 49.07 49.83 0.02
20 600124.4 403054 1.72 61.2 37.08 0.00
21 600600.6 403608 0.00 4425 55.74 0.01
22 600119.4 403600 0.59 84.60 14.81 0.00
23 600886.7 403294 0.03 57.95 42.02 0.00
24 600111.4 403549 0.65 60.18 39.15 0.02
25 601299.4 403445 0.12 48.24 39.00 12.64

Mean 1.03 5152 45.39 2.06
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Table 8. Results of soil particles’ size in rangeland land use

Sample X (UTM) Y (UTM) Clay (%) Silt (%) Sand (%) Pebble (%)
1 595492.4 401310 1.47 63.30 35.23 0.00
2 598001.2 401300 0.37 38.68 58.22 2.73
3 597636.1 401268 0.42 46.72 52.84 0.02
4 600381.9 401312 0.33 33.90 65.77 0.00
5 597212.1 401426 1.29 65.22 33.49 0.00
6 596035.3 401448 0.38 18.02 62.53 19.07
7 605989.9 401572 1.29 57.93 40.77 0.01
8 604664.3 401214 0.33 60.06 39.61 0.00
9 607283.7 401378 0.14 56.04 43.82 0.00
10 605876.3 401342 0.13 43.52 5591 0.44
11 605400.1 401329 0.74 72.42 26.82 0.02
12 607876.5 401486 0.42 56.44 43.14 0.00
13 608009.9 401430 0.73 69.17 29.60 0.50
Mean 0.62 52.41 45.21 1.76
63298 625 15 SE O3 gaails j Jols s -Q Jgua
Table 9- Results of soil particles’ size in agricultural land use
Sample X (UTM) Y (UTM) Clay (%) Silt (%) Sand (%) Pebble (%)
1 600452.5 403410 0.90 64.64 34.13 0.33
2 600702.5 403473 1.52 88.32 10.16 0.00
3 600531.9 403502 1.16 71.74 27.10 0.00
4 600649.1 403530 1.73 76.08 22.19 0.00
Mean - - 1.33 75.20 23.39 0.08
s 532, 13 S Ol,d giadils I Jols gl -V Jods
Table 10. Results of soil particles’ size in residential land use
Sample X (UTM) Y (UTM) Clay (%) Silt (%) Sand (%) Pebble (%)
1 605032.6 401534 0.66 48.67 50.30 0.37
2 596349.3 401341 0.33 70.51 29.16 0.00
3 606301.6 401601 0.16 13.15 54.20 32.49
4 599721.1 402216 0.00 11.04 82.26 6.70
5 599071.9 402517 1.70 41.41 56.58 0.31
Mean 0.57 36.96 54.50 797
80 - —
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Figure 4. Pattern of qualitative changes in grain size of different land uses in the Vaz watershed
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Table 11. Soil grain size statistics in forest land use in Vaz watershed.

Sample Mean SD Skewness Kurtosis D10 D50 D90
1 4.16 1.89 0.21 0.71 1.90 3.82 6.76
2 2.76 2.41 0.07 0.90 -0.17 2.71 6.20
3 473 1.91 0.03 0.07 2.82 4.68 7.18
4 6.45 1.22 -0.19 1.42 4.68 6.53 7.78
5 3.84 2.61 -0.21 0.60 0.27 431 6.92
6 3.81 2.60 -0.03 0.64 0.43 3.86 7.07
7 4.56 221 -0.07 0.88 1.48 4.52 7.14
8 5.42 1.63 -0.39 0.81 2.93 5.89 7.16
9 3.97 227 0.06 0.79 0.99 3.79 6.86
10 4.53 1.82 -0.14 1.05 1.87 4.58 6.59
11 1.94 3.032 0.49 0.60 -1.16 0.80 6.56
12 3.93 2.01 0.21 0.75 1.53 3.58 6.72
13 435 2.017 -0.06 0.78 1.57 436 6.78
14 2.75 2.58 0.16 0.73 -0.31 2.46 6.35
15 434 221 -0.02 0.81 1.35 4.27 7.04
16 4.30 1.95 0.13 0.80 1.85 4.03 6.88
17 3.75 2.48 -0.05 0.71 0.47 3.84 6.85
18 1.17 2.56 0.54 0.79 -1.26 0.27 5.61
19 3.79 2.58 -0.11 0.71 0.29 4.01 6.93
20 4.69 227 -0.33 0.80 1.28 5.22 7.16
21 3.60 223 -0.06 0.80 0.56 3.66 6.36
22 5.53 1.32 -0.28 0.96 3.61 5.76 6.98
23 4.16 2.09 -0.21 0.93 0.93 441 6.53
24 4.15 2.54 -0.34 0.84 0.40 4.81 6.96
25 3.15 3.02 -0.28 0.68 -1.13 3.86 6.62

Mean 3.99 2.21 -0.03 0.78 1.08 4.00 6.79
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Table 12. Soil grain size statistics in rangeland land use in the Vaz watershed.

Sample Mean SD Skewness Kurtosis D10 D50 D90
1 4.79 2.13 -0.32 0.84 1.56 5.24 7.11
2 3.03 2.89 0.08 0.57 -0.52 2.84 6.81
3 3.69 2.47 -0.08 0.72 0.40 3.84 6.76
4 3.47 2.12 0.39 0.73 1.17 2.82 6.61
5 4.71 2.52 -0.59 0.71 0.72 5.90 7.22
6 1.18 2.78 0.76 1.08 -1.21 -0.36 6.41
7 4.50 2.26 -0.22 0.74 1.22 4.84 7.10
8 4.68 1.60 0.13 0.74 2.70 4.49 6.81
9 433 1.97 -0.07 0.88 1.55 4.32 6.68
10 3.65 2.36 -0.03 0.80 0.43 3.62 6.58
11 5.08 223 -0.57 1.05 1.12 591 7.13
12 4.36 2.15 -0.12 0.77 1.30 4.49 691
13 5.09 1.68 -0.26 0.78 2.64 5.41 6.99
Mean 4.00 2.24 -0.07 0.80 1.00 4.10 6.85
Sy 38l B 53 55)0UiS (5,8 1 SB- guisails glao,lol VY Jgua
Table 13. Soil grain size statistics in agricultural land use in the Vaz watershed.
Sample Mean SD Skewness Kurtosis D10 D50 D90
1 4.54 2.54 -0.50 0.88 0.34 5.47 7.09
2 6.11 1.26 0.38 1.52 3.97 6.33 7.32
3 5.33 1.69 -0.37 0.76 2.80 5.81 7.17
4 5.52 1.65 -0.41 0.82 3.05 6.05 7.29
Mean 5.37 1.78 -0.41 0.99 2.53 591 7.21
Sy sl Bjgs 13 (FgSaume £ 1) y3 SE (gxiuails slae bl V€ Jgo
Table 13. Soil grain size statistics in residential land use in the Vaz watershed.
Sample Mean SD Skewness Kurtosis D10 D50 D90
1 3.69 2.58 -0.13 0.71 0.13 3.94 6.81
2 4.99 1.48 -0.02 0.79 3.04 4.99 6.85
3 0.46 2.31 0.64 1.24 -1.38 -0.34 5.81
4 0.94 2.02 0.49 1.27 -0.88 0.44 2.29
5 3.45 2.68 0.17 0.59 0.26 3.11 7.06
Mean 2.70 2.21 0.23 0.92 0.23 242 5.76
il sl 0jon 3 cilises glais 2,8 3 SE guisails (g,lol S el )l -V 0 Jgua
Table 15. Statistical parameters of soil grain size in different land uses in Vaz watershed
Land cover/Land use Mean Sorted Skewness Kurtosis

Forest Very fine sand Very poorly sorted Symmetrical Platykurtic

Rangeland Very fine sand Very poorly sorted Symmetrical Platykurtic

Agriculture Silt Poorly sorted Very coarse skewed Mesokurtic

Residential Fine sand Very poorly sorted Fine skewed Mesokurtic
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Figure 7. Hjulstrom diagram for determining soil particle
sensitivity (Hjulstrom, 1935)
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