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Article Info ABSTRACT
Article type: Background and Objectives: Loess soils are a special type of silty soils
Full Length Research Paper  with a porous structure and weak adhesion. In case of improper
management, loess soils are the most sensitive soils to erosion and are
) ) easily washed away by heavy rains. One of the most important influencing
Article history: . - o . .
o factors in the vulnerability of loess soils is the phenomenon of dispersion.
Received: 04.30.2024 . . . .. . .
Revised: 06.09.2024 During this the soil floats in it as a result of contact with water and is
Accepted: 06.09.2024 remqved from the environment by the force.of thF: water ﬂow. Mapy
studies have been conducted by researchers to investigate dispersive soils.
Providing a suitable improvement method for them requires the correct

Keywords: determination and diagnosis of the degree of divergence in the studied area.
Dispersion soil, The complete identification of dispersive soil also depends on a detailed
Double hydrometric test, test. As a result, various methods have been presented to identify soil

Pinhole test,

dispersion. The most significant of which are the pinhole, chemical, crumb
Sherard test

and double hydrometry methods. So far, there is no consensus regarding
prioritizing the use of dispersion tests. Considering the importance of the
issue of divergence on the quality of soil and agricultural products, in this
research we try to investigate the accuracy of different tests in detecting
soil dispersion.

Materials and Methods: This research was focused on the loess soils of
Golestan province. Seven pedons were selected, sampled and described in
different parts of the province. Physicochemical properties of soil such as
texture, density, pH, solutes in soil, etc. important measurements and tests
to determine soil dispersion potential such as pinhole, chemical, crumb and
double hydrometry tests were performed based on ASTM standards.
Finally, the validation of the tests was done based on the comparison of
their results with each other.

Results: The results show that the percentage of organic carbon and soil
porosity decreased from the surface (horizon A) to the depth of the soil
(horizon B and C), while the bluk density increased. Therefore, the change
in soil properties from surface horizons to depth has caused a change in the
degree of dispersion of these horizons. On the other hand, high amounts of
exchangeable sodium in some soils caused chemical dispersion, which
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indicates the role of sodium in increasing the thickness of the double layer
of clay soil surfaces. However, the results of this research indicate that
there is no severe dispersion of loess soils in Golestan province. On the
other hand, the dispersion tests performed on these soils show that the
dispersion phenomenon caused by the presence of sodium does not play a
role in the erosion of these soils, and the dispersion of these soils is a
physical phenomenon caused by the silty texture in the study area.

Conclusion: The results of the studies indicate that almost all the tests can
detect the dispersion of the soil, the only difference is in expressing the
intensity of the dispersion and the accuracy of the test. In determining the
dispersion potential of soils, the pinhole test better models the actual state
of water seepage in the cracks in the soil structure. So, in any case, the
results of this test can represent the potential of real soil dispersion in the
region. In determining the dispersion potential of soils, the crumb test in
loess soils showed the dispersion potential to be lower than the actual state,
and the double hydrometric method had the most correlation with the
results of the pinhole test.
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2- Pinhole test

3- Double Hydrometric test
4- Crumb test

5- Sherard Chemical test
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Figure 1. Location of the pedons in the study area.
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SAR = Na* = [.5 x (Ca®* + Mg?*)]5
TDS = Na* + Kt + Ca?* + Mg?*
PS = Na* = (TDS x 100)
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Figure 2. Dispersive categories based on the amount of exchangeable sodium (Sherard et al., 1976).
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Table 1. The amount of soil dispersion potential based on Sherrard standard.
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Table 2. Selected physical and chemical properties of the pedons.

g Bk s, oS 4 A ,
ol s 2 L St Sk sl o e G Sl
Jalee
O
Calcixerepts (P1) 0l 50 @5[5
1.44 213 0 13.64 1.73 7.75 0.8 SiL 14 60 26 0-30 A
1.43 17.5 0 11.69 1.45 7.75 0.5 SiL 14 60 26 30-50 Bk
1.52 2.5 0 9.26 1.23 7.72 0.3 L 10 40 50 50-110 C
Torriorthents (P2) -5 s» 'C)Sb'
1.44 25.0 2 12.18 1.41 7.88 0.5 SiL 12 66 22 0-23 A
1.44 25.8 3 9.26 1.80 7.89 0.2 SiL 12 66 22 23-53 Bc
1.49 21.5 3.5 8.28 8.35 8.11 0.2 SiL 10 60 30 53-105 Cy
Haploxerepts :(P3) Rsiey C S
1.40 213 0.2 17.05 1.95 7.85 1.4 SiL 14 74 12 0-25 A
1.36 19.5 0.1 9.74 1.80 7.84 0.5 SiL 18 72 10 25-50 By
1.36 23.0 0.1 8.50 1.50 7.58 0.3 SiL 20 71 9 50-80 Bc
1.35 27.8 0.2 8.77 1.11 7.87 0.2 SiL 22 70 8 80-120 C
Calcixerept (P4) &l L @5[5
1.41 20.5 0.1 14.13 0.82 7.75 0.9 SiL 14 74 12 0-20 A
1.40 233 0.1 11.69 0.77 7.77 0.3 SiL 16 72 12 20-36 By
1.40 25.0 1.2 9.74 0.75 7.76 0.2 SiL 14 76 10 36-80 C
1.50 20.0 35 8.77 3.25 8.00 0.2 SiL 8 64 28 80-100 By
Argixerols (P5) cuis sue FoS
1.32 7.3 0 13.64 1.11 7.78 0.8 SiL 24 70 6 0-28 A
1.30 5.0 0 12.18 0.85 7.75 0.6 SiCL 28 64 8 28-65 AB
1.22 243 0 11.69 1.68 7.78 0.6 SiC 46 46 8 65-95 B
1.32 31.8 0.1 10.23 2.01 7.79 0.5 SiCL 28 54 18 95-115 Bk
1.35 27.0 0 9.74 1.15 7.79 0.4 SiL 20 60 20 115-165 Bk
1.40 5.0 0 9.26 1.14 7.94 0.4 SiL 14 66 20 165-200 C
Argixerols (P6) Olsl, 'C)Sb'
1.30 0.5 0 19.00 1.01 7.75 1.6 SiL 26 62 12 0-20 A
1.14 25 0 16.08 0.63 7.70 0.7 SiL 18 52 30 20-42 B/A
1.27 6.5 0 16.56 0.82 7.70 0.8 SiCL 38 56 6 42-67 B
1.45 7.5 0 13.64 0.80 7.71 0.5 L 16 38 46 67-125 By
1.40 27.5 0 11.49 2.01 7.74 0.4 SiL 16 68 16 125-160 By
1.32 5.5 0 11.21 1.25 7.70 0.4 SiL 26 66 8 160-200 Cx
Haplocalcid (P7) 05, Jlals @5[5
1.52 225 0 13.64 1.58 7.74 0.5 L 10 44 46 0-22 A
1.53 20.8 0 11.69 1.20 7.72 0.4 L 8 42 50 22-46 C
1.38 233 0.1 11.21 1.80 7.71 0.3 SiL 22 50 28 46-64 2By
1.52 225 0.1 9.46 1.72 7.7 0.3 L 8 46 46 64-100 Cy
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Table 3. The results of Crumb test of the pedons.

ol
SIS 16 hr 1hr 2 min o 3 el
R
Dispersion Degree  Temperature  Degree  Temperature  Degree  Temperature ~ S.N.  Horizon Pedon
Non Dispersive 1 23 1 23 1 23 P11 A
Non Dispersive 1 23 1 23 1 23 P12 Bk e
Non Dispersive 1 23 1 23 1 23 P13 C o
Intermediate 3 23 3 23 3 23 P21
Non Dispersive 1 23 1 23 1 23 P22 Bc o
Slightly Dispersive 2 23 2 23 2 23 P23 Cy =
Non Dispersive 1 23 1 23 1 23 P31
Non Dispersive 1 23 1 23 1 23 P32 Bw el
Slightly Dispersive 2 23 2 23 2 23 P33 Bc P3
Non Dispersive 1 23 1 23 1 23 P34 C
Non Dispersive 1 23 1 23 1 23 P41
Non Dispersive 1 23 1 23 1 23 P42 By Stk
Non Dispersive 1 23 1 23 1 23 P43 C P4
Slightly Dispersive 2 23 2 23 2 23 P44 Bey
Non Dispersive 1 23 1 23 1 23 P51 A
Non Dispersive 1 23 1 23 1 23 P52 AB
Non Dispersive 1 23 1 23 1 23 P53 B: Cbsgee
Non Dispersive 1 23 1 23 1 23 P54 Bxi P5
Non Dispersive 1 23 1 23 1 23 P55 Bz
Non Dispersive 1 23 1 23 1 23 P56 C
Non Dispersive 1 23 1 23 1 23 P61 A
Non Dispersive 1 23 1 23 1 23 P62 BA/AB
Non Dispersive 1 23 1 23 1 23 P63 B Sl
Non Dispersive 1 23 1 23 1 23 P64 Bw P6
Non Dispersive 1 23 1 23 1 23 P65 Bk
Intermediate 3 23 3 23 3 23 P66 Cxk
Slightly Dispersive 2 23 2 23 2 23 P71 A
Non Dispersive 1 23 1 23 1 23 P72 C O3 p s
Slightly Dispersive 2 23 2 23 2 23 P73 2Bk P7
Slightly Dispersive 2 23 2 23 2 23 P74 Cy

0

.(P2) jﬁ 'C)sS‘;'- BL &‘;‘j b&’ﬁv C—’b:)é U:Q_LQJ.—“ JS«:
Figure 3. Display of different degrees of dispersion in Hootans pedon (P2).
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Table 4. The results of Double hydrometric test of the pedons.

=S S Lol FPEwS 40 oled et
Dispersion Plastic property The percentage of Dispersion S.N. Horizon Pedon
Non Dispersive CL, Lean clay with sand 13.63 P11 A
Non Dispersive CL, Lean clay with sand 15 P12 By O 5o
Non Dispersive CL, Lean clay with sand 11.11 P13 C
Intermediate CL, Lean clay with sand 22.85 P21 A
Intermediate CL, Lean clay with sand 28.57 P22 Bc RS
Intermediate CL, Lean clay with sand 15.15 P23 Cy
Non Dispersive CL, Lean clay 6.25 P31 A
Non Dispersive CL, Lean clay 5.71 P32 By Lol
Intermediate CL, Lean clay 18.75 P33 Bc
Non Dispersive CL, Lean clay 13.51 P34 C
Intermediate CL, Lean clay 16.12 P41 A
Non Dispersive CL, Lean clay 11.76 P42 By .
o Stk
Non Dispersive CL, Lean clay 8.33 P43 C
Non Dispersive CL, Lean clay with sand 9.09 P44 By
Non Dispersive CL, Lean clay 10.14 P51 A
Non Dispersive CL, Lean clay 10.76 P52 AB
Non Dispersive CL, Lean clay 9.37 P53 B, s s
Intermediate CL, Lean clay with sand 16.66 P54 Bk
Non Dispersive CL, Lean clay with sand 10.71 P55 Bk
Non Dispersive CL, Lean clay with sand 6.66 P56 C
Non Dispersive CL, Lean clay 10 P61 A
Non Dispersive CL, Lean clay 14.28 P62 BA/AB
Intermediate CL, Sandy Lean Clay 15.38 P63 B el
Intermediate CL, Sandy Lean Clay 18.75 P64 By i
Non Dispersive CL, Lean Clay with Sand 4.76 P65 By
Non Dispersive CL, Lean Clay 4.47 P66 Cx
Non Dispersive CL, Sandy Lean Clay 10 P71 A
Non Dispersive CL, Sandy Lean Clay 11.11 P72 C . .
. . 05 Rl
Intermediate CL, Lean Clay with Sand 20 P73 2Bi
Intermediate CL, Sandy Lean Clay 21.42 P74 Cy
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Table 5. The results of the Chemical test of the pedons.

Ol Lo
P CW. & . oleds
=S RWERH EERES ey e S R o gl
ate L o
e e
. . K Mg* Ca™ Na' Sample .
Dispersion PS TDS SAR (meq.L") (meq L") (meqL') (meqL") Number Horizon
(P1) 0Lé 50 Fos
Non Dispersive 27.72 11.54 1.68 1.14 2.9 43 32 P11 A
Non Dispersive 27.49 11.64 1.65 0.94 34 4.1 32 P12 By
Non Dispersive 34.82 9.19 1.92 0.49 34 2.1 32 P13 C
(P2) s FroS=
Non Dispersive 22.47 14.24 1.41 0.64 5.2 5.2 32 P21 A
Non Dispersive 22.55 14.19 1.39 0.49 5.1 5.4 32 P22 Bc
Intermediate 54 28.7 6.12 0.4 7.3 5.5 15.5 P23 Cy
(P3) sl Fos
Non Dispersive 18.90 16.93 1.28 1.23 4.5 8 32 P31 A
Non Dispersive 18.72 17.09 1.24 0.59 5.1 8.2 32 P32 By
Non Dispersive 16 18.5 1.18 0.5 4.8 1.2 32 P33 Bc
Non Dispersive 15.77 20.29 1.11 0.49 4.3 12.3 32 P34 C
(P4) Gl ¢Sl
Non Dispersive 11.51 13.89 0.67 1.09 4.5 6.7 1.6 P41 A
Non Dispersive 10.89 14.69 0.64 0.59 4.7 7.8 1.6 P42 By
Non Dispersive 10.56 15.14 0.62 0.54 4.9 8.1 1.6 P43 C
Intermediate 46.09 14.1 342 0.4 1.2 6 6.5 P44 Bey
(P5) sy oS+
Non Dispersive 35.01 9.14 2.02 0.94 2.5 2.5 32 P51 A
Non Dispersive 39.55 8.09 2.20 0.69 2 2.2 32 P52 AB
Non Dispersive 25.82 12.39 1.55 0.69 43 4.2 32 P53 B:
Non Dispersive 17.92 18.94 1.24 0.64 5.6 9.3 34 P54 Bk
Non Dispersive 20.07 16.94 1.33 0.54 4.5 8.5 34 P55 Bz
Intermediate 49.29 9.94 3.26 0.54 1.3 32 4.9 P56 C
(P6) Olal, Fos
Non Dispersive 17.71 9.03 0.90 1.23 2.9 33 1.6 P61 A
Non Dispersive 18.20 8.79 0.92 1.19 2.6 34 1.6 P62 BA/AB
Non Dispersive 17.99 8.89 091 1.19 2.6 35 1.6 P63 B:
Non Dispersive 20.94 7.64 1.01 1.04 2.8 2.2 1.6 P64 By
Non Dispersive 19.46 16.44 1.26 0.54 5.1 7.6 32 P65 By
Non Dispersive 33.19 9.64 1.86 0.54 2.4 3.5 32 P66 Cx
(PT7) O hls 'C)Sb'
Non Dispersive 13.01 12.29 0.71 0.79 5.4 4.5 1.6 P71 A
Non Dispersive 14.10 11.34 0.74 0.54 4.7 4.5 1.6 P72 C
Non Dispersive 20.74 16.39 1.36 0.49 5.4 7.1 34 P73 2By
Non Dispersive 22.83 14.89 1.44 0.49 4.7 6.3 34 P74 Cy

1y



A EXE AN D)Loas do b)sbc),.\gk. .\.:Jgﬁ,uflbw).’.uc\arw

100 . — — — Upper Limit|
1 b - — — Lower Limit
90 b -
S e * P
80 Vo O P4
i 9 > PS5
70 ‘\ AN & Ps
1 \ N P7
e 60 o \\ N AL Sy RS S R T Ty o i e
= 1 ' 3
@ 50 ; 5
o ] Y @
40 - Vor o o o e B v e e e o
1 D) =
30 ) » -
_ 1 2 3 " -
20 i s 2 %0 .
- $ S
10 | # D By
O T T 1
01 1 10 100
TDS (Megq/L)
..>J|}\i': s_'ﬂ; X3 ua_L_w.:& Jd_‘.c}‘ @L’J—i JS.&
Figure 4. The results of the chemical test on the Sherard graph.
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Figure 5. The effect of Na* content and pH on soil chemical dispersion.
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Table 6. The results of Pinhole test of the pedons.

e $H 58 Ol F5 ) oS

=S A ol kS 305 05lad 3 s
Output flow rate of different heads
380 180 50
Dispersion  Output water quality S.N. Horizon Pedon
Smin Smin 10min Smin
NDI okokok 1.06 0.7 0.66 0.76 P11 A
NDI okokok 0.93 0.06 0.64 0.66 P12 By Sore
ND4 ok 0.9 0.7 0.66 0.9 P13 C o
ND3 ook 2 1.43 0.85 0.73 P21
NDI okokok 0.93 0.9 0.53 0.8 P22 Bc o
D1 * 1.5 1.26 0.83 1.48 P23 y =

ND1 okokok 1.66 0.9 0.76 0.6 P31 A
ND1 okokok 1.36 0.32 0.53 0.6 P32 By R
ND3 ook 1.31 1.29 0.86 0.8 P33 Bc P3
ND1 ok k 0.4 0.5 0.6 0.73 P34
ND4 ok 1.3 0.96 0.93 0.73 P41
NDI okokok 1.36 0.53 0.53 0.63 P42 By Sk
NDI okokok 1.6 0.6 0.76 0.83 P43 C P4
ND4 ok 3.33 0.96 0.96 0.9 P44 By
NDI okokok 0.73 0.33 0.43 0.53 P51 A
NDI okokok 1.03 0.93 0.85 0.41 P52 AB
ND1 okokok 0.89 0.81 0.74 0.83 P53 B b3 yue
ND1 okokok 0.46 0.23 0.26 0.53 P54 Bk P5
NDI okokok 0.68 0.6 0.49 0.46 P55 Bk
ND1 okokok 0.71 0.76 0.35 0.2 P56 C
ND4 ok 2.96 1.33 0.94 0.86 P61 A
NDI okokok 1.8 0.8 0.53 0.46 P62 BA/AB
ND4 ok 0.83 0.96 1 0.9 P63 B ol
ND1 okokok 1.7 0.96 0.46 0.33 P64 By p6
ND1 ok k 0.33 0.3 0.366 0.7 P65 Bi
ND3 ok 3.66 1.63 0.7 0.69 P66 Cy
NDI okokok 0.16 0.36 0.56 0.53 P71 A
ND3 ok 0.96 1.83 0.74 0.82 P72 C O3 pkils
ND4 ok 2.66 1.46 1.36 0.93 P73 2By P7
ND1 ok k 1 0.73 0.66 0.83 P74 Cy

Dark or Cloudy (*), Cloudy or slightly Cloudy (**), slightly Cloudy or Clear (***) and Completely Clear (***%*)

CoE) GLas SIS 5 (FFF) Glas B a8 Tl o(95) 508 Tes 6,08 (%) o5 5 oS

Yo
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Figure 6. Flow rate and dispersive grade of pedons.
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Figure 7. The amount of soil dispersion in different experiments.
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Table 7. The results of different dispersion tests of the pedons.

o b S8 55 (g a0 el S 50l opled 3!
Pinhole Chemical Double hydrometric Crumb S.N. Horizon
P1) e 51
ND1 Non Dispersive Non Dispersive Non Dispersive P11 A
ND1 Non Dispersive Non Dispersive Non Dispersive P12 Bk
ND4 Non Dispersive Non Dispersive Non Dispersive P13 C
(P2) (55 oSt
ND3 Non Dispersive Intermediate Intermediate P21 A
ND1 Non Dispersive Intermediate Non Dispersive P22 Bc
D1 Intermediate Intermediate Slightly Dispersive P23 Cy
(P3) sl &,
ND1 Non Dispersive Non Dispersive Non Dispersive P31 A
ND1 Non Dispersive Non Dispersive Non Dispersive P32 By
ND3 Non Dispersive Intermediate Slightly Dispersive P33 Bc
ND1 Non Dispersive Non Dispersive Non Dispersive P34 C
P4) G b 'CJJ\;'-
ND4 Non Dispersive Intermediate Non Dispersive P41 A
ND1 Non Dispersive Non Dispersive Non Dispersive P42 By
ND1 Non Dispersive Non Dispersive Non Dispersive P43 C
ND4 Intermediate Non Dispersive Slightly Dispersive P44 B,y
(P5) s gn 3,81
ND1 Non Dispersive Non Dispersive Non Dispersive P51 A
ND1 Non Dispersive Non Dispersive Non Dispersive P52 AB
ND1 Non Dispersive Non Dispersive Non Dispersive P53 B
ND1 Non Dispersive Intermediate Non Dispersive P54 Bk
ND1 Non Dispersive Non Dispersive Non Dispersive P55 Bx2
ND1 Intermediate Non Dispersive Non Dispersive P56 C
(P6) Olel,y o1+
ND4 Non Dispersive Non Dispersive Non Dispersive P61 A
ND1 Non Dispersive Non Dispersive Non Dispersive P62 BA/AB
ND4 Non Dispersive Intermediate Non Dispersive P63 B,
ND1 Non Dispersive Intermediate Non Dispersive P64 By
ND1 Non Dispersive Non Dispersive Non Dispersive P65 By
ND3 Non Dispersive Non Dispersive Intermediate P66 Cy
(P7) 03 5 hils 5581
ND1 Non Dispersive Non Dispersive Slightly Dispersive P71 A
ND3 Non Dispersive Non Dispersive Non Dispersive P72 C
ND4 Non Dispersive Intermediate Slightly Dispersive P73 2By
ND1 Non Dispersive Intermediate Slightly Dispersive P74 Cy
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Figure 8. Comparison of pinhole test results with other dispersion tests.
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Table 8. Estimating the parameters of the linear equation fitted to the data obtained by measuring the
dispersion with different methods (numbers in parentheses indicate standard error).
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