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1- Sheet Erosion
2- Rill Erosion
3- Gully Erosion
4- Tunell Erosion
5- Smectite
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9- Astragalus spp.

10- Poaceae

11- Lactuca serriola

12- Echinops ritro

13- Achillea millefolium
14- Salsola kali

15- Alhagi maurorum
16- Cynara cardunculus
17- Tamarix spp.

18- Thymus vulgaris
19- Prunus spinosa

20- Acantholimon spp.
21- Amygdalus orientalis
22- Hymenocallis spp.
23- Prunus amygdalus
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Figure 1 - The location of the study area, Geological Formation and sampling points of two
hydrogeological units.
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Table 1 - Comparison of the Mean Sand, Silt, and Clay Content in the Marls of Tang-e-Sorkh (T)
and Bard-e-Kal (B) Watersheds Using the T-Test.

Variable Sub-basin  Mean Standard Deviation Standard Error _ Significance

Sand T 20.15 8.86 2.67 0.06 *
B 28.20 9.22 2.92

Silt T 44.16 4.67 1.41 0.41
B 41.24 10.48 3.32

Clay T 35.69 6.48 1.95 0.13
B 30.56 8.39 2.65

09051 b (B) U505 9 (T) £ i uisl (53l S 5loy3 g (33T (ruilno dunny o — ¥ Jguir
Table 2 - Comparison of the Mean Anions and Cations in the Marly Soil of Tang-e-Sorkh (T) and
Bard-e-Kal (B) Watersheds Using the T-Test.

Variable Sub-basin  Mean Standard Deviation Standard Error _ Significance

o T 0.76 0.10 0.03 0.297
B 4.96 13.02 3.3
Mg T 2.30 2.74 0.83 0.083
B 7.05 8.16 2.46
- T 758 11.06 3.3 0.102
B 1608 12.19 3.68
cumcatons T 1064 13.17 3.97 0.08
B 28.09 28.45 8.58
sor T 5.74 11.64 3.51 0044 *
B 2133 21 6.33
oL T 1.09 0.48 0.15 0.196
B 4.64 8.78 2.65
T 151 0.36 0.11 0044 *
HCOs B 2.15 0.91 0.28
Sum Anions T 1057 12.80 3.86 0.075
B 2811 28.15 8.49
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Table 3 - Comparison of the Mean Organic Carbon, Gypsum, Moisture, Equivalent Calcium

Carbonate, Cation Exchange Capacity, Salinity, and Soil pH in the Marly Soil of Tang-e-Sorkh (T)
and Bard-e-Kal (B) Watersheds Using the T-Test.

Variable Sub-basin  Mean Standard Deviation Standard Error  Significance

o T 0.12 0.05 0.02 0.008
B 0.24 0.21 0.06
T 4364 5.12 154 000 **
TNV B 3117 11.40 3.44
oypsum T 5.00 9.69 2.02 0.15
B 1102 11.80 3.56
T 1283 2.06 0.62 0.21
CEC B 14.04 2.29 0.69
- T 5001 474 1.43 0.15
B 4751 5.88 177
o T 0.88 0.92 0.28 0.08
B 217 2.14 0.64
" T 8.13 0.25 0.07 000 **
B 772 0.20 0.06
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Table 4 - Comparison of the Mean Variables (Chemical Factors of Marls) in the Erosional
Landforms of the Studied Marly Areas.

TR OC T.NV CaSo, C.E.C Sand Silt Clay
Rill Erosion 021 3943 7.93 1290 2240 44.11 3349
Gully Erosion 0.17 39.63 416 13.68 22.64 4273 34.62

Surface Erosion 0.07 23.97

23.12

1447 3273 38.87 28.40
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Table 5 - Comparison of the Mean Physicochemical Variables of Marls in the Erosional Landforms
of the Studied Marly Areas.

TR SAR SP pH EC Sum.Cations Na* Mg Ca™ Sum.Anions SOs2 CIF HCO3j
Rill Erosion 049 4727 798 1.03 12.71 0.75 233 9.63 12.68 940 126 204
Gully Erosion 147 5023 7.97 172 21.38 577 572 9.89 21.37 1224 466 1.71
Surface Erosion 0.28 52.66 7.59 2.58 35.50 117 933 25 35.47 31.17 2.83 1.47
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Figure 3- Erosional Forms in the Marls of the Tang-e-Sorkh Watershed.



R
O L

IS0 sl sy ylo 5o il ¥ sba sl —F JsCi

e 9 905l il 0y by yle (o bouis 5 (S 3ud SS9 oy

Figure 4- Erosional Forms in the Marls of the Bard-e-Kal Watershed.
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Extended Abstract
Introduction and Goal
Marl are porous rocks (with a porosity of 73% to 95%). Marl formations are highly
sedimentary, and the different physical and chemical properties of marls affect the intensity and
type of erosion. The form and intensity of water erosion are strongly influenced by changes in
soil texture. Based on the results of previous research, the greatest correlation between marls
and erosion intensity is related to their physical and chemical factors (particle distribution,
especially sand particles). As the size of sand increases compared to silt and clay particles, gully
erosion will also increase. The clay ratio index is decisive in the occurrence of gully erosion and
the runoff volume index is decisive in the occurrence of surface and gully erosion of marls. On
the other hand, there are significant differences in the measurements of sodium, magnesium,
organic carbon content, pH, and SAR in the surface erosion, rill, and badland forms of marls.
Marl soils are evolving materials whose inherent properties can be enhanced with additives and
their use can be made possible. The establishment of vegetation on marls is also an important
point, and the percentage of clay and gypsum in marls is closely related to the establishment of
plants on marl soils.
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Thus, marls pose significant issues and problems related to use stabilization, construction,
erosion, and sedimentation. Marl formations are widely distributed in the Maharlu watershed in
Fars Province, indicating the watershed's high potential for erosion and sediment production,
and understanding the characteristics of watershed marls is useful for use in soil conservation
programs.

Materials and Methods

The Tang-e Sorkh and Bard-e-Kal watersheds, with an area of 500 hectares, are part of the
Maharlu watershed and are located west of Shiraz. Almost the entire surface of these sub-
watersheds is covered by the Gachsaran geological formation. Using geological map,
topographic, slope and other available documentation, and observing erosional forms in the
field, 11 marl soil samples were collected from a depth of 0—30 cm in three slope classes (less
than 5%, 5 to 10%, and 10 to 20%). The electrical conductivity of the saturation soil extract
(ECe), the acidity of the saturated soil mud (pH), the amount of calcium, magnesium, sodium,
carbonate, chloride, bicarbonate, and organic carbon, cation exchange capacity, gypsum content,
and the amount of equivalent calcium carbonate were measured. Analysis of physical and
chemical properties of soil was performed based on the method of the Soil and Water Research
Institute. Soil particle size was determined by hydrometer method, and soil texture was
classified according to the USDA (United States Department of Agriculture classification)
system. Statistical analysis of the data and determination of the effect of variables on the type of
erosion were performed using the t-test with two independent populations. In addition, analysis
of variance, principal factor analysis, and comparison of means were performed using Duncan's
test (using SPSS statistical software).

Results and Discussion

The difference in the amount of equivalent calcium carbonate in the Tang-e Sorkh and Bard-e-
Kal, regions was significant at the one percent level, and its amount in Tang-e Sorkh was much
greater than in Bard-e-Kal. The difference in sand size was significant at the five percent level,
with its size being greater in Bard-e-Kal than in Tang-e Sorkh. In the marls of the two sub-
watersheds, the difference in acidity (pH) was significant at the one percent level, and it was
higher in Tang-e Sorkh than in Bard-e-Kal. The sulfate content of Bard-e-Kal marls was much
higher than in Tang-Sorkh, and this difference was significant at the five percent level. The
amount of bicarbonate in the Bard-e-Kal marls was greater than in the Tang-e Sorkh, and this
difference was significant at the five percent level. The different in the amount of equivalent
calcium carbonate, gypsum, acidity, and calcium of marls in various erosional forms were
significant at the five and one percent levels. Between the two regions in gully-eroded marls, the
difference in ion exchange capacity and acidity was significant. The measurements of acidity,
equivalent calcium carbonate, sodium ion, and clay percentage in Tang-Sorkh marls were higher
than in Bard-e-Kal, and in other variables, the measurements were higher in Bard-e-Kal. In the
two hydrological units studied, the highest and lowest organic carbon levels were observed in
rill and surface erosion, respectively. In addition, the highest and lowest moisture content was
observed in surface and rill erosion, respectively. The size of bicarbonate was also higher in rill
erosion than other erosion forms. Determining the size of factors such as bicarbonate, equivalent
calcium carbonate, gypsum, acidity and calcium ion, percentage of sand and total silt and clay
were helpful in the occurrence of erosion forms. In the marls of the region, the high sodium
absorption ratio (SAR) can lead to a greater dominance of surface and rill erosion compared to
gully erosion. In the marls of the Gachsaran Formation, salinity was probably affected by the
increase in gypsum size, and its role in intensifying erosion was reduced. The presence of more
calcium carbonate in the Tang-e Sorkh watershed marls made them more stable, which was due
to the greater inhibition of the effect of salinity and sodium. The percentage of water absorption
of Tang-e Sorkh marls was higher compared to the Bard-e-Kal marls. Therefore, the ability of
mass-type erosion movements was also higher in Tang-e Sorkh marls.
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Conclusion and Suggestions

The results of this study showed that due to the characteristics of marls in the Maharlu
watershed and their effective role on erosion and sedimentation special attention should be paid
to them in local research. In this watershed, identifying the physical and chemical properties of
marls, such as bicarbonate ions, calcium, sodium, salinity, and percentage of sand and clay, is
important for controlling erosion and sediment deposition. As a result, for greater success of
implementation plans in watershed management research, it is also necessary to pay attention to
the role of characteristics such as chalk size in reducing salinity and the effect of acidity on the
type of erosion. Based on the results of this study, it is suggested that for sedimentation
management in the Maharlu watershed, vegetation cover and viable mulches should be used to
stabilize the soil and sediment dams should be constructed. It is also suggested that GIS and
remote sensing technologies be used to identify critical areas and develop water and soil
resource management plans.

Keywords: Cation exchange capacity (CEC), gully erosion, marl sediment yield, vegetation cover
and soil stabilization, watershed management
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