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Water and wind erosions are the two main factors of soil degradation. But these
two processes alone, without human intervention, cause natural erosion and pose
little risks to soil. Soil provides food security, preserves water resources, and affects
the global climate. Soil reduces water pollutants and is also a carbon storage. The
economic need for soil is greater in the world's developing countries because, in these
regions, deprived farmers do not have enough resources to carry out erosion control
methods. As a result, the risk of soil erosion continues to increase. Various
parameters affect the erodibility of soils, including fertilizers. To investigate the
effect of urea and potassium sulfate fertilizers on the soils of the Heidareh area of
Hamedan, three sampling stations were selected, and then basic experiments
including soil sample size, determination of Gs, Atherberg limits, pinhole test,
determination of calcium carbonate percentage, determination of the organic matter,
chlorine determination, sulfate content, and pH were conducted on soil samples. In
this regard, the percentages of 1%, 3%, 5%, 7%, and 9% of urea fertilizer and
potassium sulfate fertilizer were added separately to the soil samples of the studied
stations. Then pinhole and erodibility tests were conducted using a rainfall simulator
with different percentages of urea fertilizer and potassium sulfate fertilizer on soil
samples of all three stations in dips of 10, 20, 30, and 40 degrees. The results of the
erosion test show that with increasing the amount of fertilizers, the amount of eroded
soil in all sampling stations has decreased significantly. The reason for reducing
erosion can be related to increasing soil permeability and reducing runoff, by
increasing the amount of fertilizers and the lack of fertilizers' effect on soil dispersion.

Introduction

used to understand soil erosion and related

Water and wind erosion are the two main
factors of soil degradation. However, these
two processes alone and without human
intervention cause natural erosion and do not
pose many risks to the soil (Hosseini et al.,
2018). Rainfall simulation has been widely

processes. It is not possible to design and build
a device that produces rain similar to natural
rain without knowing the factors that affect the
physics of rainfall (Gilley and Risse, 2000, Le
Bisssonais et al., 2005). Due to the critical
conditions of erosion in Iran, a laboratory has
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been officially built at the site of the Soil
Conservation and Watershed Research
Institute to simulate rainfall and erosion,
which is different from other types in the
country in many aspects (Mahmoodabadi and
Arabkhedri, 2011). In this research, in order to
investigate the effect of urea and potassium
sulfate fertilizers on the erodibility of the soils
of Heidareh region, three sampling stations
were selected, and then basic engineering tests
were performed on the soil samples. In this
regard, various amounts of urea fertilizer and
potassium sulfate fertilizer were added
separately to the soil samples of the studied
soils. Erosion test was conducted using a
rainfall simulator on soils containing different
percentages of urea fertilizer and potassium
sulfate fertilizer for three soil types of studied
stations in different dips.
Materials and methods
Sampling and preparation

This research includes three sampling
stations 1, 2 and 3. In general, the sampling
was carried out by hand and the distribution of
the samples was in a zigzag pattern (Rouhi,
2019).
Physicochemical analyses

Physical and chemical tests in general
include determination of Atterberg limits, soil
sample size and classification, determination
of specific gravity of solid particles (Gs), X-
ray diffraction test (XRD), determination of
soil lime percentage (calcimetry),
determination of soil organic matter
percentage  determination  of  sulfate

percentage, determination of pH, pinhole test,
standard compaction test. Also, erosion tests
were carried out with a rainfall simulator on
basic soils impregnated with fertilizers at dips
of 10, 20, 30 and, 40 degrees.

Erodibility tests using a rainfall simulator

In the studies undertaken for erodibility
assessment of the studied soils (basic soil and
impregnated by fertilizers), a rainfall
simulator has been used.

Results and discussion

The results of the tests performed on the
base soil (unimpregnated)

-The obtained results show that the studied
soils are classified in CL and SM classes. Also,
none of the soil samples fall into the dispersive
soil class.

-The results of engineering tests performed
on soils impregnated by fertilizers

- Dispersion test (pinhole)

Pinhole test samples have been prepared by
using the optimal water content and dry unit
weight obtained from 1, 3, 5, 7 and 9
percentages of urea and potassium sulfate
fertilizers by using standard compaction test.
The obtained results show that all soil had not
dispersion potential.

- The results of erosion tests using a rainfall
simulator on soils impregnated by fertilizers

The erosion rate of the soil samples of the
studied stations was evaluated in each of the
percentages of 1%, 5% and 9% of fertilizers of
urea and potassium sulfate in dips of 10, 20,
30 and 40 degrees. The results obtained from
the erosion test are given in Tables 1 to 6.

Table 1. Weight loss due to soil erosion under the influence of urea in station 1 (Kg/m?/h)

Urea Dip 10 degree Dip 20 degree Dip 30 degree Dip 40 degree
1% 65.31 96.73 128.40 63.01
5% 38.37 50.58 58.18 26.56
9% 7.34 15.43 44,73 7.39
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Table 2. Weight loss due to soil erosion under the influence of urea in station 2 (Kg/m?/h)

Urea Dip 10 degree Dip 20 degree Dip 30 degree Dip 40 degree
1% 58.46 106.39 87.20 83.72
5% 60.58 68.02 48.83 36.62
9% 28.51 43.60 26.16 22.67

Table 3. Weight loss due to soil erosion under the influence of urea in station 3 (Kg/m?/h)

Urea Dip 10 degree Dip 20 degree Dip 30 degree Dip 40 degree
1% 104.65 113.37 122.09 85.46
5% 85.46 95.93 109.88 68.02
9% 34.08 68.02 80.23 16.44

Table 4. Weight loss due to soil erosion under the influence of potassium sulfate in station 1 (Kg/m?/h)

Potassium sulfate Dip 10 degree

Dip 20 degree

Dip 30 degree Dip 40 degree

1% 123.83 156.97 169.18 136.04
5% 92.02 139.53 153.48 106.39
9% 78.48 87.20 116.84 95.77

Table 5. Weight loss due to soil erosion under the influence of potassium sulfate in station 2 (Kg/m?/h)

Potassium sulfate Dip 10 degree

Dip 20 degree

Dip 30 degree Dip 40 degree

1% 122.09 130.81 104.65 95.93
5% 103.69 113.37 77.05 71.30
9% 79.36 92.44 58.25 58.18

Table 6. Weight loss due to soil erosion under the influence of potassium sulfate in station 3 (Kg/m?/h)

Potassium sulfate Dip 10 degree

Dip 20 degree

Dip 30 degree Dip 40 degree

1% 106.39 109.88 122.09 113.37

5% 69.76 85.46 95.93 69.67

9% 17.70 18.22 26.16 11.08
Conclusion fertilizers is logical. The results of the erosion

The results show that increasing the
percentage of urea and potassium sulfate
fertilizers has no effect on the amount of
decrease or increase of divergence values.
Considering that in order to create the
phenomenon of dispersion, the presence of
sodium ion along with clay minerals is
mandatory, therefore, considering that the
fertilizers used in this research did not contain
sodium ions, therefore, the lack of dispersion
of soils containing urea and potassium sulfate
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Fig. 1. a) Rainfall simulator and its components. b) A mold of compacted soil sample to measure erodibility
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Fig. 2. Granulation and hydrometer analysis curves of the soil samples of the studied stations
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Fig. 3. Graphs of XRD results obtained for the soils of the studied stations
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Table 3. Summary of the results of the experiments performed on the uncontaminated soils

@Sl heog | Jlolse | i | SleSaess oo | Sl e wsly oy | Sk ve)e Gs | 7 Sl
S @ pH oS iy (gr/cm3) e sk )
1519 0.19 7.86 28.88 1.6 1.62 17.50 271 | CL 1 oKl
1519 0.66 7.33 34.11 11 1.78 14 270 | CL 2 oK
1519 0.13 7.48 22.74 11 1.75 15 270 | SM | 3 o

Table 4. Weight loss results due to erosion on uncontaminated samples in terms of Kg/m2/h

ax,040 s 4,030 o 4z, 20 o 4,010 s 6,10 digad o] o Lo
145.14 178.51 182.41 132.85 1
102.90 116.93 152.36 138.84 2
125.38 134.66 123.87 127.50 3
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Table 5. Results of pinhole test of soil samples containing urea fertilizer

SM) 3 oKy CL) 2 %) CL)1 oy IRV
SD SD SD 1%
SD SD SD 5%
SD ND SD 9%

Al oo il b ool 42 seskis 180 as o 45 o5 LISl b e, SD
Frorkes 380 v ot b B 9 b (S5 sl s3elS 2alu L 15Ty 18 la o, ND

el Sllgas oliand 355 ol G diged Joo o ialej] 5l ol bl -F Jga

Table 6. Results of pinhole test of soil samples containing potassium sulfate fertilizer

EM) 3 oK CL) 2 ol5s CL) 1 o5 eoliy Sl g 2o )
ND ND ND 1%
ND ND SD 5%
ND ND SD 9%

il o il b ooyl 0 yiarkis 180 s o &5 o5 olSl5 b vy SD
Foorkie 380 s o iolu b e b S5z jlees suelS Gale 3 L1 STy 18 sl ey :ND

Looods aid] sl wges Siolw,d ol
2 pely Oligw g oojl oled slaogS
o anadl sbsls mlep e A B Y la

Syge 4 ) el Sl 50l slasyS

el SIS Jioled 4 laslie slologal

St 3l ooliinl b Gl 3 gla Lol g s
ot 265 4 adlT G S (595 3 ok
390 o] S sladiges iolo,d ol

sbagS 1A 570 N slane s 51 S a3 asllha
A gbead )0 prly Slidgw 5 oygl (lend

3 ol oy i ald obylaz o Fe gve Y-

KIMZh o ) ol 0,9l 065 3l cos S ialod 5l o3b )9 <l mlis -V Jgax
Table 7. Weight loss results due to soil erosion under the influence of urea fertilizer in station 1 in terms of

Kg/m?h
4,040 s a>,0 30 e az,0 20 s ax,010 s 0,5l Qoo
63.01 128.40 96.73 65.31 1%
26.56 58.18 50.58 38.37 5%
7.39 44.73 15.43 7.34 9%
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Fig. 4. Graph of weight loss due to erosion of soil samples containing urea fertilizer in station 1
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Table 8. Results of weight loss due to soil erosion under the influence of urea fertilizer in station 2 in terms of

Kg/m?/h
ar,040 s 4,030 o 4,020 s a>,010 s 0,9l do o
83.72 87.20 106.39 58.46 1%
36.62 48.83 68.02 60.58 5%
22.67 26.16 43.60 28.51 9%
£y ob’-‘&.m.g]
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Fig. 5. Graph of weight loss due to erosion of soil samples containing urea fertilizer in station 2
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Table 9. Weight loss results due to soil erosion under the influence of urea fertilizer in station 3 in terms of

Kg/m?/h
4,040 s a>,030 cos 4,020 o a>,010 s 0,5l Qoo
85.46 122.09 113.37 104.65 1%
68.02 109.88 95.93 85.46 5%
16.44 80.23 68.02 34.08 9%
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Fig. 6. Graph of weight loss due to erosion of soil samples containing urea fertilizer in station 3
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Table 10. Weight loss results due to erosion of studied soil samples under the influence of potassium sulfate
fertilizer in station 1 in terms of Kg/m?%h
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4,040 s 4,030 o 4z, 20 o ax,010 s POUH ST SOV
136.04 169.18 156.97 123.83 1%
106.39 153.48 139.53 92.02 5%

95.77 116.84 87.20 78.48 9%
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Fig. 7. Graph of weight loss due to erosion of soil samples with different percentages of potassium sulfate
fertilizer in station 1
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Table 11. Weight loss results due to erosion of studied soil samples under the influence of potassium sulfate
fertilizer in station 2 in terms of Kg/m?%h

4,040 s a>,0 30 e 4,020 o 4,010 s ey Sl g wojo
95.93 104.65 130.81 122.09 1%
71.30 77.05 113.37 103.69 5%
58.18 58.25 92.44 79.36 9%
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Table 12. Weight loss results due to erosion of studied soil samples under the influence of potassium sulfate

fertilizer in station 3 in terms of Kg/m?/h

a>,040 o a>,030 e a>,020 e a>,010 s ey Oldgw oy
113.37 122.09 109.88 106.39 1%
69.67 95.93 85.46 69.76 5%
11.08 26.16 18.22 17.70 9%
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Fig. 8. Graph of weight loss due to erosion of soil samples with different percentages of potassium sulfate
fertilizer in station 2
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