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Figure 1. A View of a Case Study in Khuzestan Province and Iran.
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Figure 2. A View of Sharif (a) and Hadam (b) Watershed Gullies.
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Table 1. Characteristics of the Studied Gullies in the Hadam Watershed.

Precipitation f(}f’le)ll::; d I;l;::]atl ;’l:)i:l;;t Itﬁiaisil:;:;e Vege:ation Barf soil Li“tter Grnavel No
(mm) slope (%) _ slope (%) _ forehead (m?) point (m?) (*o) (*o) (*%) (*o)
300 1.7 35 655 12386 0 100 0 0 A8
300 35 35 337 1670 0 100 0 0 Al0
300 35 35 1115 1334 0 100 0 0 All
300 35 1.8 2350 6358 0 100 0 0 Al2
300 1.8 1.8 25 137 0 100 0 0 AlS
300 3.5 1.8 255 1592 0 100 0 0 Al6
300 1.8 1.7 1067 795 0 100 0 0 Al7
300 1.9 1.7 35 1840 0 100 0 0 Al8
300 1.8 1.7 28 1406 0 100 0 0 Bl
300 1.7 1.8 845 5069 0 100 0 0 B2
300 1.8 1.8 1703 3039 2 98 0 0 B4
300 1.8 3.6 1084 6155 0 100 0 0 B5
300 1.8 1.8 1486 4840 0 100 0 0 B8
300 1.7 1.8 1471 3151 0 100 0 0 B9
300 1.7 1.8 1440 2214 0 100 0 0 B10
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Table 2. Soil Characteristics along the Gullies (G) and Front Part (H) of Hadam Watershed.

Clay Silt Sand Mg Ca Na pH EC Texture Clay Silt Sand Mg Ca Na pH EC Texture No
G G G G G G G © (&) H HH HH H H (H) (H) (H) (H)

10 32.5 575 4.1 4.9 5.4 7.5 1.4 SandyLomi 20 21 57 315 385 313 7.4 32 SandyLomi A8
14.5 34.5 51 6.7 30.2 311 7.6 6.9 Lomi 14 41 45 27.8 1.1 9.9 7.6 2.5 Lomi A10
125 36.5 51 15.2 26.1 3 7.2 6.4 Lomi 19 43 38 27.5 70 110.5 7 16.6 Lomi All

13 21.5 65 53.8 29.7  250.7 7.6 26 SandyLomi 24 37 39 82.5 97.5 416.5 7.4 59.5 SandyLomi Al2
235 34 42.5 102.1  67.8 6382 7.2 62.9 SandyLomi 25 33 42 5.6 53 10.8 7.8 1.9 Lomi AlS
20.5 36 43.5 39.9 96.4 170.5 7.4 28.7 Lomi 22 43 35 79 128 508 7 90 Lomi Al6

8 12.5 79.5 3.5 8.6 6.8 7.8 1.7 SandyLomi 12 33 55 9.1 17.4 11 7.1 3 SandyLomi Al7

10 215 68.5 5.4 19.6 5.4 7.4 24 SandyLomi 12 14 74 3.8 11.2 5.2 7.1 1.8 SandyLomi Al8

11 20 69 10.2 34.7 93.1 7.4 10.2 SandyLomi 23 42 35 24.5 113.5 536 73 111.5 Lomi Bl

11 22 67 21.3 45.6 146.5 7.4 183 Lomi 28 42 30 137.5 105 900.5 7.3 90 Lomi B2
18.5 355 46 13.2 75.5 2375 7.4 46.2 Lomi 20 34 45 223 46.5 59.6 7.4 11 SandyLomi B4
12.5 35 525 339 8.7 103.2 7.2 26.5 SandyLomi 14 34 52 76.5 70.75 156 73 56.6 SandyLomi B5
155 25.5 59 233 8 20 7.2 113 SandyLomi 18 38 44 14.6 13.7 20.3 7.4 3.9 Lomi B8
21 27 52 48.9 81.2 127.8 7.4 28.5 SandyLomi 10 29 61 6.1 9.5 10.7 7.4 24 SandyLomi B9
205 30.5 48.5 233 52 219.2 7.4 40.8 SandyLomi 13 37 50 53 154 190 7 41.5 SandyLomi B10
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Table 3. Specifications of the Studied Gullies in the Sharif Watershed.

Precipitation fol;lg::; d l;:ilnil ;{)};i:r;z Itflzaiﬁz?eﬁe Vegeotation Baie Liotter Grflvel No
(mm) slope (%)  slope (%)  forehead (m?) point (m?) (%) soil(%) (%) (%)

300 1.9 1.8 2443 12334 1 100 0 0 Al
300 35 1.8 6731 28856 1 98 1 0 A2
300 35 1.9 1557 7675 0 100 0 0 A3
300 1.7 1.9 6088 7675 1 96 3 0 A4
300 1.7 1.8 1883 11786 1 99 0 0 A5
300 1.7 1.8 3522 21962 0 98 2 0 A6
300 35 3.5 1409 4871 0 99 1 0 A7
300 1.9 3.5 2606 5479 0 100 0 0 Bl
300 1.8 1.9 565 3651 0 100 0 0 B2
300 1.7 3.5 4241 5534 0 100 0 0 B3
300 35 1.8 1118 2641 0 100 0 0 B4
300 1.8 1.8 456 1310 1 69 30 0 B9
300 1.9 1.8 2958 14870 0 100 0 0 B10
300 35 3.6 2120 9069 0 100 0 0 B11
300 3.6 3.6 312 1645 0 100 0 0 B12
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Table 4. Soil Characteristics along the Gullies (G) and in the Front Part (H) in the Sharif Watershed.

Clay Silt Sand Mg Ca Na pH EC

Clay

Silt Sand Mg Ca Na pH EC

G G © G © © 6 G O @ om om o@m @ @ @ a Tovre® Ne
21 34 46 35 32 91 8 16 Lomi 21 43 33 41 30 332 8 40 Lomi Al
19 42 40 19 34 21 8 7 Lomi 21 40 39 31 47 37 7 11 Lomi A2
16 30 55 21 21 18 8 5 Sandy Lom 21 41 38 71 65 341 7 47 Lomi A3
16 37 48 21 13 12 8 5 Lomi 16 39 45 19 14 4 7 5 Lomi A4
17 43 41 17 52 21 7 9 Lomi 20 38 42 10 26 19 8 6 Lomi A5
14 35 52 31 25 35 7 8 SandyLomi 14 32 54 9 5 6 7 2 Sandy Lom A6
10 36 55 7 2 6 7 2 SandyLomi 13 29 58 22 21 10 7 5 Sandy Lom A7
13 42 46 26 41 21 7 3 Lomi 15 39 46 94 97 323 7 47 Lomi B1
16 45 39 43 47 34 8 11 Lomi 16 45 39 83 157 95 7 32 Lomi B2
19 44 37 25 94 30 7 14 Lomi 24 48 28 22 17 32 8 6 Lomi B3
12 43 45 10 7 7 7 2 Lomi 24 44 32 105 53 286 7 41 Lomi B4
17 38 45 16 15 15 7 4 Lomi 14 36 50 7 6 6 7 2 Lomi B9
17 37 46 21 18 9 7 4 Lomi 13 41 46 18 13 21 7 5 Lomi B10
19 36 46 57 36 15 7 21 Lomi 18 41 41 79 30 69 7 16 Lomi Bl11
20 41 40 126 96 72 7 33 Lomi 28 41 31 97 59 128 7 27 Lomi B12
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Table 5. Morphological Information of Hadam and Sharif Watershed Gullies.

Hadam watershed Sharif watershed
S(:;t;:n Up(vlrli)dth Dow(nmv)vidth Depth (m)  No Si;:)i(em Up(v]:li)dth Wilt)i?l\lzv(nm) D(enl:;h No
V shape 10 2.8 4.1 A8 U shape 5.6 38 2.1 Al
V shape 7.1 23 2.8 A10 U shape 7.4 4.6 2.4 A2
V shape 10.4 2.8 3 All U shape 4.6 32 1.8 A3
V shape 9.8 34 2.6 Al2 U shape 4 2.8 1.6 A4
V shape 9.6 2.6 2.6 AlS U shape 5.4 4.6 1.3 AS
V shape 9.7 23 2.4 Al6 U shape 5.2 42 1.2 A6
V shape 9.3 3.6 22 Al7 U shape 9.0 7.9 1.2 A7
V shape 10.4 33 22 Al8 U shape 3.6 3.1 1.1 B1
V shape 8.8 3.1 2.1 Bl U shape 7.1 42 1.1 B2
V shape 72 2.8 2.1 B2 U shape 6.3 4.1 1.1 B3
V shape 8.5 2.8 2.7 B4 U shape 4.1 2.8 1 B4
V shape 9.2 43 9.1 B5 U shape 11.3 9.4 0.9 B9
V shape 17.2 11.8 1.8 B8 U shape 6.2 4.5 1.1 B10
V shape 9.9 59 1.4 B9 U shape 6.4 4.8 1.1 B11
V shape 13.6 4.6 2.1 B10 U shape 6.8 3.8 1.1 BI12
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Table 6. Volume of Gullies (In 2013).

Hadam watershed Sharif watershed
Volume of gully (m’) No  Volume of gully (m’) No
3496 A8 3230 Al
1703 Al0 5282 A2
2584 All 1563 A3
2237 Al2 492 A4
2862 AlS 1190 A5
2217 Al6 1244 A6
3226 Al7 1245 A7
11599 Al8 519 Bl
1612 Bl 959 B2
1849 B2 1737 B3
1930 B4 369 B4
2063 B5 2305 B9
4095 B8 1057 B10
2927 B9 833 Bl11
7179 B10 975 B12
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Introduction and Objective

Gully erosion affected by many factors causes the destruction and loss of large volumes of soil along
with great economic and social damage. The variability of diversity, the number and size of the
influence of different factors from one point to another and the difference of their participation in the
formation and expansion of gullies is based on the conditions of the land. Such conditions have caused
more researches to be carried out to identify as many factors as possible in the phenomenon of gully
erosion and the extent of their participation in the formation and expansion of this phenomenon. In
this regard, the present study has been planned with the aim of monitoring and evaluating the effective
factors in the development of gullies in the Haddam and Sharif watersheds of Khuzestan province.
Modares Shushtar watershed, having Sharif and Hadam subwatersheds, as one of the important and
typical basins of the province, every year a large area of its agricultural land is threatened by gully
erosion.

Materials and Methods

In order to carry out this research, first, the parts with gullies in the study area were identified on the
topography map with a scale of 1:250,000 during the 20-year period (1993-2012). Then, 15 gullies
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have been identified and investigated from each climate class of hot-dry desert and hot-semi-arid.
Features such as the slope of the initial point of creating a gully and the slope of the front of the
gully were calculated by the field method and using a tape measure, level and inclinometer measuring
device and the mirage area of the gully front in the Google Earth softwave. Also, the physical and
chemical characteristics of the soil of each gully were tested.

Results and Discussion

The results showed that the average percentage of bare soil above the head cut of selected gullies
in Haddam and Sharif watersheds is 99.8% and 97.26%, respectively. Based on soil characteristics,
the main cause of soil instability and erosion in gullies in both watersheds is EC. The morphometric
characteristics of the gullies showed that in the Haddam watershed, all gullies are V-shaped in terms
of cross section, and in the Sharif watershed, only gullies are B12, V-shaped and the rest are U-shaped.
The Haddam watershed has the highest depth, width, and top of the gully compared to the Sharif
watershed. The total volume of soil loss in Sharif and Haddam watersheds is 23000 and 51579 m3,
respectively. Gullies A18 and B1 in Haddam watershed have the highest and lowest soil loss volume,
at 11599 and 1612 m3, respectively. In the Sharif watershed, the maximum and minimum soil loss
volume of gullies related to gullies A2 and B4 are 5282 and 369 m2, respectively.

Conclusion and Suggestions

The most important factors in the volume of soil loss and expansion of gulies are the characteristics
of the watershed located upstream of the gully front (such as the extent and slope of the watershed)
as well as the fineness of the geological formation (silt) and high soil salinity. Due to the excessive
bareness of the soil, increasing the roughness of the soil surface with the establishment of vegetation is
one of the compatible and low-cost methods in protecting soil resources. In order to control the spread
of gully erosion, it is necessary to increase soil organic matter, modify saline and sodium soils with the
use of modifiers, and also divert the runoff from the gully front.
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