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Abstract

Introduction: loess are a special type of silty soil with a porous structure and poor cohesion, and
often contain silt with minor amounts of clay to fine sand. These characteristics make loess among
the problematic soils in terms of engineering geology. Problematic soils are observed in different
parts of the world including Australia, Brazil, New Zealand, the United States and many areas of
Iran. Some fine-grained soils are structurally unstable, that is, they are easily dispersed and are
highly erodible. Hence, presence of such soils in engineering and Agricultural projects can cause
great damage and financial loss. One of the most important influencing factors in the vulnerability of
loess soils is the dispersion phenomenon. Dispersion or colloidal erosion is a physical-chemical
process that often occurs in fine-grained soils containing clay particles. In general, dispersion
phenomena occur when the shear stress induced by the flow exceeds the friction among particles,
causing surface abrasion. Erosion can extend itself along a drying crack, settlement, hydraulic
fracture, or other high permeability channels in a soil mass. Dispersive loess soil easily and quickly
separates and disperses from each other in water with low salt concentration without any special
mechanical stimulation. Climate and physicochemical characteristics are two important factors in
soil dispersive. which affect the degree of soil dispersive. Climate affects soil development by
influencing physicochemical characteristics. On the other hand, soil texture, clay content, porosity
and Bulk density, pH and solubility of salts in soil are closely related to dispersive. Although,
extensive researches carried out to determine the dispersion potential of the soils, affecting factors on
dispersion phenomenon and validation of the soil dispersion tests, no comprehensive studies have
been performed on the effect of climatic characteristics loess soils in golestan province. Therefore,
the aim of this research is to investigate the effect of climate and physicochemical characteristics on
soil dispersive.

Materials and Methods: This research was focused on loess soils of Golestan province. Seven

pedons were selected, sampled and described in different parts of the province. Climatic data was
prepared and physicochemical and dispersive analyzes were performed on soil samples. The values
of pH, electrical conductivity, equivalent calcium carbonate, cation exchange capacity and bulk
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density were measured. In order to study the degree of divergence, Sherrard's chemical test and
pinhole test were performed.

Results and Discussion: By investigating the amount of rainfall in different regions of the province,
it was found that the loess soils of Golestan province are not in the same climatic conditions. The
results showed that the climatic and physicochemical characteristics of the soils in interaction with
each other had a significant effect on the evolution of the soil and the reduction of divergence in the
studied soils. The highest amount of precipitation was in Ramyan and Minodasht region and these
two regions had greater depth of soil and heavier texture than other pedons. The results of the
pinhole test show these soils with intermadiate dispersion potential. While the results of the
chemical test for most of the samples are non dispersive. According to the results obtained from the
pinhole test, Minodasht and Sufian pedons with rainfall of 815.8 and 608.9 mm were completely
non-divergent, and Hoten pedon with Aridic moisture regime and rainfall of 189.7 mm had the
highest dispersion potential. In total, 30% of the horizons showed moderate dispersion. which were
mostly in the Aridic moisture regime. The chemical test in this research also confirmed the presence
of a small amount of sodium ion in the saturated soil extract, and only three horizons had the
potential of chemical divergence based on the SAR level. From the results, it can be analyzed that
the soil dispersion in this research is due to the physical nature of soil particles.

Conclusion: The review of climatic data and the results of physico-chemical tests showed the
existence of direct coordination between the climatic and physico-chemical properties of the soil. So
that with the increase of rainfall, the soil formation process increased. This means that in soils with
xeric regime and high rainfall, the percentage of clay, organic matter, porosity and water retention in
the soil has increased. As a result, the dispersion potential in these soils has decreased.

Keywords: Precipitation, Dispersive soil, Pinhole test, Sherard test
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Figure (1) Location of soil profiles in the study area.
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Table (1) Climatic properties of soil profiles.
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Table (2) Selected physical and chemical properties of the soil profiles.
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BD CCE CEC EC pH oC Texture  Clay Silt Sand Depth Horizon
(%) (cmolckg™)  (dsm™) (%) %) (%) (cm)
(P1) 03 50 55
144 21.3 13.64 1.73 7.75 0.8 Si-L 14 60 26 0-30 A
1.43 175 11.69 1.45 7.75 0.5 Si-L 14 60 26 30-50 By
1.52 25 9.26 1.23 7.72 0.3 L 10 40 50 50-110 C
(P2) 55 FoS
144 25 12.18 1.41 7.88 0.5 Si-L 12 66 22 0-23 A
1.44 25.8 9.26 1.8 7.89 0.2 Si-L 12 66 22 23-53 Bc
1.49 215 8.28 8.35 8.11 0.2 Si-L 10 60 30 53-105 Cy
(P3) s ¢ 5
14 21.3 17.05 1.95 7.85 14 Si-L 14 74 12 0-25 A
1.36 19.5 9.74 1.8 7.84 0.5 Si-L 18 72 10 25-50 Bw
1.36 23 85 15 7.58 0.3 Si-L 20 71 9 50-80 Bc
1.35 27.8 8.77 1.11 7.87 0.2 Si-L 22 70 8 80-120 C
(P4) 3 ¢y
1.41 20.5 14.13 0.82 7.75 9 Si-L 14 74 12 0-20 A
14 233 11.69 0.77 7.77 0.3 Si-L 16 72 12 20-36 By
14 25 9.74 0.75 7.76 0.2 Si-L 14 76 10 36-80 C
15 20 8.77 3.25 8 0.2 Si-L 8 64 28 80-100 By
(P5) [GN-E ) ‘C)éfli
1.32 7.3 13.64 111 7.78 0.8 Si-L 24 70 6 0-28 A
13 5 12.18 0.85 7.75 0.6 Si-C-L 28 64 8 28-65 AB
1.22 24.3 11.69 1.68 7.78 0.6 Si-C 46 46 8 65-95 Bt
1.32 318 10.23 2,01 7.79 0.5 Si-C-L 28 54 18 95-115 Bi1
1.35 27 9.74 1.15 7.79 0.4 Si-L 20 60 20 115-165 Bk
14 5 9.26 1.14 7.94 0.4 Si-L 14 66 20 165-200 C
(P6) ol 58
1.3 0.5 19 1.01 7.75 1.6 Si-L 26 62 12 0-20 A
1.14 25 16.08 0.63 7.7 0.7 Si-L 18 52 30 20-42 B/A
1.27 6.5 16.56 0.82 7.7 0.8 Si-C-L 38 56 6 42-67 B
1.45 75 13.64 0.8 7.71 0.5 L 16 38 46 67-125 Buw
14 275 11.49 2.01 7.74 0.4 Si-L 16 68 16 125-160 By
1.32 5.5 11.21 1.25 7.7 0.4 Si-L 26 66 8 160-200 Cx
(P7) 035 5 Lals Ess
1.52 225 13.64 1.58 7.74 0.5 L 10 44 46 0-22 A
1.53 20.8 11.69 1.2 7.72 0.4 L 8 42 50 22-46 C
1.38 233 11.21 1.8 7.71 0.3 Si-L 22 50 28 46-64 2B«
1.52 225 9.46 1.72 7.7 0.3 L 8 46 46 64-100 Cy
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Figure (4) Determination of soil texture in the studied soil profiles.
Red: Hooten, blue: Khaled Nabi, green: Yeli Badragh, black: Minudasht, yellow: Ramian and
orange: Dashli Borun.
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Dispersion PS TDS SAR (%) K* Mg* ca* Na* Sample  Horizon
(%) (meqg.L™) (megq.L™)  (meg.L”  (meg.  Number
1) L—l)
(P1) 0k 505
Non Dispersive 27.72 11.54 1.68 114 29 43 32 P11 A
Non Dispersive 27.49 11.64 1.65 0.94 34 41 3.2 P12 Bk
Non Dispersive 34.82 9.19 1.92 0.49 34 21 32 P13 C
(P2) o558 3y
Non Dispersive 22.47 14.24 1.41 0.64 5.2 5.2 3.2 p21 A
Non Dispersive 22.55 14.19 1.39 0.49 5.1 5.4 3.2 p22 Bc
Intermediate 54 28.7 6.12 0.4 7.3 5.5 15.5 P23 Cy
(P3) sl Ess
Non Dispersive 18.90 16.93 1.28 1.23 45 8 3.2 P31 A
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Non Dispersive 15.77 20.29 1.11 0.49 4.3 12.3 3.2 P34 C
(PA) 3wk 557
Non Dispersive 11.51 13.89 0.67 1.09 45 6.7 1.6 P41 A
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(P5) N2y ‘C)éfl>‘
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(P6) bl £ 28
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Non Dispersive 14.10 11.34 0.74 0.54 4.7 45 1.6 p72 C
Non Dispersive 20.74 16.39 1.36 0.49 5.4 7.1 34 P73 2By
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Figure (8) The results of the chemical test on the Sherard graph.

18
= 16 [ ]
g
£ 14
Q
12
Q
3&_2 10
5 g s y = 1.2453¢00346x
4 R*=0.6262
'1\2 6
4, i
Bz ¢
42 2
RO
s 0
=

20 . 40 )
The degree of Chemical dispersion

s o By () e

60

Sla @il 2 9e pH e

B olesd 21519 g PH 9 mrow Ol s W6 (1) CS
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() 0,5 5 2 Do b o O (S5 88
Sl g (s

» ST ol S0 & Gl s @ dpam (bl

OF gl S (oo Giludda 1) S5 L Ol ¢S Jsb
Sy Cak 3 S il p s Slee Ul GUil oy e
Al ST 53 ) S Ol gV IS5 (V)

s o 0Ly Jan o bl

8.2
g
‘8.1 b
3
Z s y = 7.6562g0.0007x .
S R*=0.3442 °
=
57.9
=78
—
=]
£7.7
2
576 .
=

7.5

0 20 40 60
The degree of Chemical dispersion
et ) By Ol e
& o7 PR
Jdom mbil @

(S I s ety e g s ST

50 ) Joole a5 b plowl b g oles 4l
bl 53 s 8 3 C gy oo p s ST S
iy 4 oam g b Ele3T 53 esliel 3548 S O
4 0kl 03leT (645 gad A adeine 4500 2 53 S ab
A 5 s osls 5 Jam o oS 0,5 Bl S s
3 5 o F Jador b Gillas s 8 L3 Sl 4405 oS

e J:"gsl."“ YA« 9 WA Oy Calides clada s Ol



AR

\VFoy Ol:*«).u c\'a)Lo.ifV .U;- (‘_gjjjl.,if‘j@.l& 4.1») u.obj t.s"’“"""ﬁ"

F o 55 dsaim SioleiT Sl edel s & &b
me VUK 3 dgr o 31kl (gla 15 55 s Juol
el 3 5035 S S @ Glaie s sal & SL
Sl gy S s oBos 4 e s 4 (3
Slon g ol ol ol ok ) 552 b 2 53 ki
0303 3 13 g0 3 ¢ nleT pa s et o 0l 5 a
D1sed p3 0l Lesie LG ulul 5 Colg 53 9 Lsd e
bl ol e g b osd adaie 18y s
Hbess 1 Sls e b lad pai ples Ly, P23 4 pui sl
Logn @l Sy Joity b GBS 03) 03 (S5
313 0L &Sl D3 oy ST gl g ils 13
o Ao s jlanlllan 5y 90 o GlacSTl S j5b o oS
Bk god o3 Ve 53 &S (G145 S 4 dzear sy 5 oYL
S 0T 51l o sdaline deoys &0 (YL Sl Sldie
e S G pdy Rl 3 (gage Jolo Tl e
s 4 AEL YL ST s S ltie o7 ot 555 0
kb Ralep s B ol 4 sk, Sb s
odioly OB o g0 oo 4y Lo ) oS o3 (B
035 G 3 LA (gl fals (Ods Gl
33 Sl s o GALJA;.(W\) d4h S Oleslu
5 KI5 b b4 ol oo b gl S5 53 sk
93 o e LB (F4) ayls Cllae (Y0Y4) 01K
bl S B e 1B b aE s sl
(S Jlas s FeS Sl Sl 4 o5 O3
@ ST a o ol LI il bl 55 (gL Canglia
35 plomadl ST b S sloms 53 55 5358 0 mte STl
bossiie o8l ol Syt s Ol 5 das g0 o
Qh'cjdflﬁ- o) oled 3 cedal Cod & S & ar g
bl ol bl S 5 o8 dops A B 5k
O 5 sl 5 () 0L 5 e s
(XY 50) 3505 Sl gean (Y2 YY)

1- Zhung et al.
2- Bahrami et al.
3- Ocheli et al.



o3 od eSSy laslae 55l 01K 5 pdie 6

I Janom oS i (6) Jsor

Table (4) The results of Pinhole test of the soil profiles.
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Dispersion Output 380 180 50 S.N. Horizon Soil profile
water
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ND1 falalaiel 1.06 0.7 0.66 0.76 P11 A
ND1 Fkkok 0.93 0.06 0.64 0.66 P12 By O 50
ND4 x* 0.9 0.7 0.66 0.9 P13 C Soofian
ND3 el 2 143 0.85 0.73 P21 A
ND1 kkx 0.93 0.9 0.53 0.8 p22 B¢ e
D1 * 15 1.26 0.83 1.48 P23 Cy Hootan
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ND1 ok 1.36 0.32 0.53 0.6 P32 B, R\ [ES
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ND3 faleed 0.96 1.83 0.74 0.82 P72 C RESAP 1N
ND4 *x 2.66 1.46 1.36 0.93 P73 2By Dashli Borun
ND1 Fkkx 1 0.73 0.66 0.83 P74 Cy




AAns

VY Ol

Yoylad FV Ul (6})}\.&56‘.19 ) ‘59\))' s

5.0 350 .0 g 3 P11] -
o osuos nod | SOF bt odnos nod) | g 1%°
45E | Dispersive [intermediate [Nondispersive| E Py 45 E | Dispersive [intermediate [Nonaispersive | P13 345
&0 Head=50 mm Heag=180mm  Head=3somm I 40 4.0 Head=50 mm Head=180mm  Head=380mm {4 ¢
3.5 < 3
> Dark or Cloudy 35 > @ 35 Dark or Cloudy 3.5
= = =
E30 Cloudy or Siightly Cloudy 430 E £ 3.0 E Cioudy or Slightly Cloudy 3.0
= = o
£ 2.5 | siiahtly Cloudy or Ciear 25 £ £ 2.5 | stenty Cloudy or Clear 425
o & = 3
Clear Ciear
é 20 3 3200 2.0
15 M Wask 15
D1
10 1.0 s Increase Head 10
s Conyinus Test _
05 & 1 crease H =
0.3 Continue Test 3 = 05
....... g [ Swelling Potential e . Swetling P
00 g ke weling Potential 0.0 0.0 ; i i 0.0
o 5 ‘]O ” 20 o 5 10 20
Test Time (min) Test Time (min)
= P31
5.0 B2jNp I | - P32 5.0
D2|ND4 —A—Pa3
45F | Dispersive [Intermediate [Nondispersive | v-P34 345 SOF I 2] | | S
4.0 Head=50 mm Head=180mm  Head=380mm 3 49 45 F | Dispersive [intermediate [Nondispersive | Jas
40 Head=50 mm Head=180mm  Head=380mm § 40
?3‘5 Dark or Cloudy 489 o i T 5
= = 3.5 435
E 3.0 E Cioudy or Slightly Cloudy 30 E 3 Dark or Cloudy
b= E 30
£ 25 £ sianty Cloudy or Clear J25 2 % o Sty Clowly 20
® B o £ 2.5 | sightly Cloudy or Clear 25
=20 20 2 L Clear
S u_O_ z20p 420
1.5 1.5 ey
Yis
10 E Head E
~ Contiqus Test _ X 9 10 E
increase Head: #
0.5 Continue Test — 0.5 05F
0.0 - Sweling Petaatial 0.0 Swelling Potential
T 0.0 U 0.0
0 10 ) 15 20 0 10 20
Test Time (min) Test Time (min)
& Pol
—®—P62| _ = P51
%9 D2|ND4 —a— P63 59 50F | bolNei | - 51 QY
- - - - v PB4 i ND4 —A— P53
45F | Dispersive [intermediate [Nondispersive | Pes 4 4.5 45E | Dispersive |intermediate [Nondispersive| v-pss| J45
—%— P66 : -e—Pss| ’
40k Head=50 mm _ Head=t8omm _ Heag=3s0mm § 40 40 Head=50 mm Head=180mm  Head=380mm § 4o
5 3.5 E Dark or Cloudy % G > - 35 F Darkor Cloudy 35
= = 4
E 3.0 F Cioudy or Siightly Cloudy 30 £ E3o0 C:gjdy or Slightly Cloudy 3.0
@ Ui i
£ 2.5 F stantly Cloudy or Clear d25 2 £ 255 £ sianty Cloudy or Ciear 25
n;: 20 Seer 20 Dg: e Clear
3 ; / 12° 3 520 2.0
= o o
s 15 Yas 18
I C
oF == —ipeZaase Head = E &
1.0 . :‘:‘ Continus Test g~ e 9 ot SO f,% = 7: e
Increase He e T S
05 b—Continue Test—] s 05 — — =95
Swelling Potential ing Potential
010 ng Potentia o0 % Sweling Potentia 56
0 10 ' 15 20 0 10 15 20
Test Time (min) Test Time (min)
50 = P71|
20/ - P72|
[Br e | | 25 3%
asf o I I | > Pral a5
40k, Head=50 mm __ Head=180mm _ Head=380mm 1 40
> 3:5 F bark or ciouay 98 >
E 3.0 F Cloudy or Slightly Cloudy 30 E
fox E
% 2.5 E Slightly Cloudy or Clear %
o Clear o
g 20 F =
° o
“asE - e
b
. = {10
3 3 Increase Head
5 - Continue Tast | OB
00 K -~ = “opuntn vl == - - - o Swelling Potential 0.0
o 5 20

10
est Time (min)

Test Time :sbiT ol Flow Rate :ob o s g

Jodom SabiT 00 BE IS 21,5719 4250 (V+) S
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