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Investigating the Effect of Soil Characteristics on the Expansion of Gully
Erosion in the Baron Chaldoran Dam Basin
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Abstract

The most important issue in understanding gully erosion is the complexity of the process of gully
formation and expansion in different climatic conditions and various human actions in exploiting
soil, water and plant resources. Understanding and investigating factors contribute to the formation
and development of gullies and determining the impact of each factor, can help provide the necessary
solutions to predict, control and reduce damages. Considering the significant role of gully erosion in
soil loss, especially in the Chaldoran region due to of its fertile agricultural lands and suitable
pastures, this research aimed to determine the soil characteristics that influence the expansion of
gullies in the region. To achieve this goal, 12 gullies in the study area were selected, and their
geomorphometric parameters were measured. Soil samples were taken at distances of 25, 50 and
75% from the gully head at two depths: surface (0 to 30 cm) and subsurface (30 to 60 cm). The
average soil properties at these depths for each gully were analyzed to assess their relationship with
the geomorphometric characteristics of the gullies. The results showed that organic carbon had the
highest correlation with the longitudinal and depth expansion of gullies with correlation coefficient
of -0.76 and -0.81 respectively (p<0.01). Following organic matter, TNV and soil silt had the most
significant impact on the longitudinal expansion of gullies with correlations of -0.80 and 0.74 (p <
0.01). Principal components analysis revealed that organic carbon, TNV and silt played a major role
in differentiating gullies based on geomorphometric characteristics. Additionally, the relationship
between the longitudinal expansion of gullies and certain soil characteristics such as silt, clay, sand,
pH, organic carbon, and TNV could be explained by exponential and power nonlinear relationships.
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Figure 1. The geographical location of the study area in West Azerbaijan Province and Iran
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Figure 2. Field survey of gullies in the study area
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Table 1. Morphometric characteristics of the studied gullies

Gully Gully Gully ' Up ' Down Depth  Gully
No X Y Shape length  Width/Average  Width/Average Average Slope
' (m) (m) (m) (m) (%)
1 458349 4332208 \% 32.6 4 0.5 1.7 5
2 456388 4332697 u 36.8 3 1 0.9 2
3 454869 4330772 \% 47 4 0.7 2.2 5
4 454828 4330522 U 183 5.8 11 2.5 1
5 454776 4330287 U 284 4 1 2 1
6 455088 4328248 \% 121 2 0.2 1.8 1
7 455066 4328208 \% 51.7 3.2 0.55 2.8 5
8 455023 4328204 u 26.8 6 15 1.8 7
9 454896 4328215 u 37.3 7 25 1.8 5
10 454406 4327229 \% 86 5 0.4 1 1
11 454747 4327455 u 384 9 1.8 3 1
12 453962 4325535 U 52.2 5.1 1.8 4 8
Average 111.9 4.8 11 21 3.5
CV (%) 102.8 39.7 63.5 40.5 74.6
W Sidsdige 9 S sla Sy (h—osi )lol 55 ool 3l ame 3 YO 5 00 VO Jolgd 5l 55 oS e S
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Table 2. The average of the physical and chemical characteristics of the soil of gullies

Gully OC TNV Sand Silt Clay SP EC Na Ca+tMg SAR
No. % pH dS m! (meq 1Y) (I'T)‘j‘é
1 051 2895 1517 2417 6067 5044 796 103 8.28 5.95 4.80
2 0.61 31.31 36.67 1850 4483 3769 790 1.02 721 347 5.48
3 0.60 2637 583 2683 6733 5781 790 1.08 6.96 4.07 4.88
4 0.38 28.35 4517 3083 24.00 3163 8.00 076 350 533 2.15
5 043 2245 50.75 2725 2200 3119 796 072 275 572 1.63
6 0.48 2455 56.33 23.67 20.00 30.75 7.93 067 201 6.10 1.15
7 0.61 31.08 4265 20.23 3712 4725 786 081 299 7.02 1.60
8 0.69 3503 3438 1525 5037 57.24 782 089 359 757 1.85
9 053 26.83 1417 2283 63.00 4735 7.79 067 294 550 1.77

10 0.79 2743 46.17 2817 2567 36.67 788 0.67 513 567 3.04
11 0.23 17.11 5817 36.00 583 3273 803 058 466 433 3.16
12 0.48 25.63 5250 2750 20.00 46.76 781 0.60 498 4.67 3.26

BELs SB ol 3 (o 5ud S S33 9 6y 90 Sluoguas imogi Hlof -V Jgu
Table 3. Descriptive statistics of morphometric characteristics and physical and chemical characteristics of
the soil of gullies

OC TNV Sand Silt Clay SP EC Na Ca+tMg SAR Length Depth
Statistics H dS me
(%) S meary (T m
Max 0.79 35.03 5817 36.00 67.33 57.81 803 108 828 7.57 5.48 384.00 3.00
Min 023 1711 583 1525 583 3075 779 058 201 3.47 1.15 26.80 0.90
Average 053 27.09 38.16 25.10 36.73 4229 790 0.79 4.58 5.45 290 111.87 212
SD 0.15 460 1757 561 20.15 10.07 0.08 0.18 2.00 1.19 147 115.05 0.86

CV (%) 2787 16.97 46.03 2236 54.86 23.81 095 2216 43.64 21.77 50.68 102.85 40.54
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Table 4. The results of the correlation analysis of the morphometric and soil characteristics of gullies

oC TNV  Sand Silt  Clay pH EC SP Na Ca+tMg SAR Length Depth
oC 1.00
TNV 0.73%* 1.00
Sand -0.35 -0.39 1.00
Silt -0.65%  -0.84** 0.33 1.00
Clay 0.49 0574  -0.96**  -0.57 1.00
pH -0.64* -0.54 0.31 0.63*  -0.45 1.00
EC 0.39 0.57 -0.71* 049  075** 000  1.00
SP 0.48 0.54 -0.74** 050  0.78**  -060* 055  1.00
Na 0.18 0.15 051 0.01 0.44 013  067* 038 1.00
Ca+tMg o031 043 0.07 045 0.06 027 010 021 052 1.00
SAR 0.13 0.08 045 0.04 0.38 014  064* 029 097*  -0.69* 1.00
Length  -0.76**  -0.80**  059*  0.74* -0.72** 075** 052 -0.69* -0.31 -0.20 -0.25 1.00
Depth  -0.81**  -0.59* 0.17 063*  -0.32 048 -032 010 -0.25 -0.07 -0.24 0.65* 1.00

** significant at 99 confidence level; * significant at 95 confidence level
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Table 4. Rotated matrix of weights related to principal component decomposition

Variable PC1 PC2 PC3
oC -0.89 0.21 0.03
TNV -0.78 0.41 -0.09
Sand 0.14 -0.89 -0.26
Silt 0.79 -0.37 0.20
Clay -0.34 0.88 0.17
pH 0.67 -0.32 0.32
EC -0.29 0.65 0.50
SP -0.28 0.88 -0.02
Na -0.08 0.35 0.88
Ca+Mg -0.30 0.15 -0.79
SAR -0.06 0.27 0.95
Length 0.78 -0.52 -0.06
Depth 0.92 0.11 -0.26
Eigenvalue 6.42 3.11 1.38
Proportion 49.42 23.96 10.64
Cumulative 49.42 73.38 84.01
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Figure 4. Distribution chart of weights related to soil characteristics around three main components
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