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Background and Objectives: Understanding the different factors on the
characteristics of soil-water retention curve and soil aggregate stability can
play an important role in better understanding the environmental potentials
and managing natural areas. The soil-water retention curve shows the
changes of moisture in different soil suctions, and the stability of soil
aggregate is also an accurate indicator for evaluating soil quality in
planning the optimal use of natural and agricultural areas. In most of the
research conducted, these two characteristics have been investigated in
agricultural soils. In the present study, considering the effect of the soil-
water retention curve and aggregate stability indicators on the state of
natural vegetation, as well as the effect on permeability, runoff emergence,
and soil erosion, an attempt is made to investigate some of the factors
affecting the two aforementioned characteristics. Parent materials and the
topographic condition of the land are factors that can have a significant
impact on the soil-water retention curve and soil aggregate stability. The
mineralogical composition, texture and structure of the parent rock has a
direct effect on the ability of the soil to retain and absorb water,
permeability and characteristics of the retention curve. The topography
conditions also play an important role in the distribution and maintenance
of soil moisture due to its influence on hydrological processes and
microclimate. In addition, topography affects the processes of soil
formation and the type of vegetation, which in turn affect the soil water
retention characteristics and stability of soil aggregates.

Materials and Methods: The studied area is located in Razavi Khorasan
province and the cities of Mashhad, Torbat Heydarieh, Sarkhs and
Chenaran. In this research, the soil characteristics of seven types of marl,
limestone (Cenozoic and Mesozoic), ophiolite, shale, granite and sandstone
were selected from the relatively pure rocks of Razavi Khorasan province,
Using 1:100,000 geological maps from the Geological Organization of
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Iran. Topographic wetness index was used to determine the factor of
topographic characteristics, and this index was evaluated in two classes,
positive and negative. The topographic wetness index describes the
tendency of water to accumulate in any point of the sub-basin and the
tendency of gravity forces to transport water downstream. The topographic
wetness index is obtained from the combination of the area of the upstream
basin and the slope, and it determines the effect of topography on the
amount of saturation levels for the production of runoff. Based on this and
according to the examination of seven types of stones, there are a total of
14 different treatments, which, including three replications for each
treatment, a total of 42 samples were taken from a depth of 0-20 cm using a
cylinder sampler and used to prepare a soil-water retention curve,
determination of stability indicators of soil aggregates and measurement of
physical and chemical properties. A pressure plate device was used to
prepare the soil-water retention curve and the amount of moisture was
determined in different matric suctions, including saturation and suctions
of 10, 30, 50, 100, 300, 500, 1000 and 1500 kilopascals. Several indices
have been used to evaluate the stability of soil aggregates, among these
indices, we can refer to the weighted average of the diameter of soil
aggregates in dry and wet sieving conditions, the stability index of soil
aggregates and the percentage of degradation of soil aggregates.

Results: According to the results of soil-water retention curve, the highest
moisture retention is related to medium texture (Loam) and the lowest is
related to light textures (Sandy loam). Changes in the slope of the curve in
medium soils are gradual, but in light soils it is sudden due to the presence
of large pores. Also, the results showed that shale has the highest
percentage of moisture in different suctions, such that at a suction of
10 kPa, they retain more than 50% moisture. After that, marl, Jurassic
limestone, Paleogene limestone show the highest amount of moisture
percentage and sandstone, with only 20% moisture retention at 10 kPa
suction, show the lowest amount of moisture percentage in different
suctions. The amount of saturated moisture in the soils of shale and marl,
respectively, is the highest and is more than 50% in both of them. After
that, the Jurassic limestone soils of Chenaran and Paleogene limestone of
Sarakhs and ophiolite have the highest amount of saturated moisture.
Granite and sandstone soils generally had the lowest amount of saturated
moisture with less than 30%. Also, soils containing more silt, in terms of
retention curve characteristics, have higher saturated moisture and
agricultural capacity, which can be seen in marl and shale soils. Ophiolite
and sandstone soils have more weight average diameter of soil aggregates
than other types of rocks, with more than one millimeter. Which indicates
that the percentage of silt in the soil has an inverse relationship with the
average weighted diameter of the soil aggregate. It is obvious that the
average weighted diameter of soil aggregates in dry state is higher than in
wet state, but in the jurassic limestone soils of Chanaran, the destruction of
soil aggregates was more than 80%, which indicates that soil aggregates of
this rock type are more dispersed than in other soils. The percentage of clay
and silt more than 60% in the Paleogene Sarakhs limestone, Jurassic
Chenaran limestone, marl and shale has caused the stability of the soil
aggregates in the soils of these rocks to reach less than 10%.

Conclusion: Differences in rock type can cause significant differences in
the characteristics of the soil-water retention curve and aggregate stability
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indicators Soils formed from them. Also a significant correlation was
observed between the characteristics of the soil-water retention curve and
soil aggregate stability indicators in different types of rocks. On the other
hand investigating the type of limestone in the second and third geological
periods showed that there is no significant difference in the investigated
indicators with age change. Among the chemical properties of the soil,
organic matter and among the physical properties of the soil, the texture
plays a large role in the retention curve and stability indicators of soil
aggregate. Finally there was no significant difference between positive and
negative topographic wetness index in most of the studied variables of
retention curve characteristics and soil aggregate stability indicators, which
indicates the lack of influence of this factor on the studied indicators.

Cite this article: Zare, Mahmood, Golkarian, Ali, Emami, Hojat, Shahrokhi, Maryam. 2025.
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Table 1. Characteristics of the examined samples.
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4 2 29 3 e Y oo 5 e s 3 3 E
b = )8 2 'c = a3 a . @ > 8 F 2 e
R = & T3 £ = 32 b R
1 S & & 3 @ o &
3
Loam?, sandy loam® 13.0 1.90 1.31 52.00 32.67 15.33 + S
sandy loam?, loam* 32,5 3.10 1.31 57.33 27.33 15.33 - Granite
sandy loam, clay, loam 345 1.90 1.13 44.00 30.67 25.33 + o 058k Sal
) N Sarakhs Paleogene
loam®, clay loam 35.0 1.85 1.16 34.00 45.33 20.67 - limestone
clay® 35.0 3.40 1.25 22.00 28.67  49.33 + Ol Sl 55 Sal
) N Chenaran Jurassic
clay”, clay loam 33.0 0.20 1.30 18.67 28.67 52.67 - limestone
sandy loam?, loamy sand* 30.0 1.90 1.47 72.67 17.33 10.00 + eyl
sandy loam?, loamy sand? 335 0.90 1.49 7533 16.67 8.00 - Ophiolite
silt loam?, loam* 35.0 1.90 1.65 36.00 52.67 11.33 + o
o)
silt loam?, loam* 29 1.30 1.65 35.33 50.67 14.00 - Marl
+
sandy loam, sandy clay loam 28.0 2.50 1.40 55.33 20.67 24.00 Eeile
sandy loam, sandy clay loam 29 2.05 1.43 56.00 19.33 24,67 - Sandstone
loam?, silt loam/loam* 25.5 1.00 1.52 38.00 39.33 22.67 + L
&
Loam, clay loam 30.5 1.10 1.54 4333 3600 2067 - Shale
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Figure 2. Grouping of rock types based on the variable percentage of silt and sand using the LSD test.
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Figure 3. Percentage of organic matter of different samples in positive and negative topography wetness index.

o 40 positive topographic wetness index

5 35 e My F5aT gy asla

£

5 3%

5325

35‘3120

t‘i15

v 310

£ 0
; ., . W, @

: >4 E] a; g3 3 ¢
| - g_ dr = i
g 5 &AL 0§ s
= & w
] A |

il 35 Sl

w 40 Negative topographic wetness index
B 35 ke a7 Sasby 5L
§q
£y
%‘_’-,‘120
=2 15
%110
B 5
& 0 3 ] . wl [ . @ w
EERR
i - [ ] =2
I BN L
1 h‘il = 3
2 g =¥

e 5 e P E 5 by patld ) il Gk sal S Sl S A -4 IS
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Table 2. Characteristics of the Soil-water retention Curve index of the examined samples.

sbe sl
S AUC A°>‘I’V PX/\:P FO/E’: N‘I)Zat ™ Parj;t matz:ial
0.04 32.75 3.25 17.12 20.37 45.69 + <l S
0.03 25.17 2.65 12.18 14.83 34.33 - Granite
0.06 31.86 2.06 18.42 20.48 42.03 + e 05534 Sal
0.05 32.31 2.72 15.96 18.68 41.60 - Sarakhs Paleogene limestone
0.05 30.14 2.33 18.81 21.14 43.49 + Ol Sl 55 Kal
0.05 32.79 2.80 22.16 24.96 49.73 - Chenaran Jurassic limestone
0.05 32.10 2.40 12.37 14.77 40.07 + & sl
0.05 29.89 1.89 17.86 19.76 44.80 - Ophiolite
0.04 41.89 3.96 26.93 30.90 58.92 + Ol
0.06 53.65 3.18 23.74 26.92 64.29 - Marl
0.04 23.52 1.65 17.05 18.70 41.07 + Seanile
0.04 21.35 1.13 10.03 11.16 31.81 - Sandstone
0.05 49.01 3.35 26.77 30.12 64.53 + et
0.07 50.57 2.36 27.96 30.33 70.49 - Shale

@S osliza LB cusb, AW ol Sopn bt PWP ( oly5 o b FC gl Cosby Msat (31555 cusb, jaxls TWI

ke alall p> ok M S 5 St sk g 5 sl AUC

TWI: Topographic wetness index, MSat: Saturated soil moisture, FC: field capacity, PWP: Permanent wilting point, AW: Total
available water, AUC: Area under the soil-water retention curve, S: Slope of the soil-water retention curve at the inflection point
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Figure 9. The weighted average index of the diameter of soil aggregates (MWD) in the dry state for the
examined samples.
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Figure 10. The weighted average index of the diameter of soil aggregates (MWD) in the wet state for the
examined samples.
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Figure 11. Percent stability index of soil aggregates (AS) for the studied samples.
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Figure 12. Index of soil aggregates destruction percentage (PAD) for the studied samples.
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Figure 13. Grouping of rock types based on the variables a) weighted average diameter of soil aggregates
(MWD) in dry state and b) percent degradation of soil aggregates (PAD) with Using the LSD test.
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Table 3. Shows the correlation matrix between different variables.

OM Sand  Silt S AUC AW  PWP FC Msat  PAD
0.9817 0.065 -0.527" -0.332* -0.466 -0.273 -0.394"" -0.402" -0.399" -0.314" R
MWDdry
0.004 0.683 0.000 0.032 0.002 0.080  0.010 0.008 0.009 0.043 P value
-0.179 -0.790” 0.536™ 0.139 0.324° 0.256 0.501"° 0.498™ 0.336 R
PAD
0.256  0.000 0.000 0.381 0.036 0.102 = 0.001 0.001 0.029 P value
-0.509™ -0.322* 0.534™ 0.549™ 0.931™ 0.4747 0.894™ 0.890" R
Msat
0.001 0.038 0.000 0.000 0.000 0.002 0.000 0.000 P value
-0.456™ -0.442"" 0.569™ 0.259 0.7617 0.6117 0.992™ R
FC
0.002 0.003 0.000 0.098 0.000 0.000 0.000 P value
-0.470" -0.443" 0.546™ 0.299 0.744™ 0.505" R
PWP
0.002 0.003 0.000 0.054 0.000 0.001 P value
-0.164 -0.237 0.456~ -0.110 0.531"" R
AW
0.299 0.130 0.002 0.486 = 0.000 P value
-0.469™ -0.286 0.597" 0.634™ R
AUC
002. 0.067 0.000 0.000 P value
-0.405™ -0.094 0.225 R
S
0.008 0.553 0.152 P value
-0.133 -0.617" R
Silt
0.400 = 0.000 P value
0.077 R
Sand
0.627 P value

s S Clﬂ-w 53 St LS)‘bw** el G Clﬂ-w BRI NPT B .

* Significance at the 5% level ** Significance at the 1% level
(s o b FC plal cusby Msat daglisls 5 doys PAD (it b s baalasls b S35 ks :MDDdry
wihe B > o i S S sk, e 5 e AUC ol eslind WG cosb, AW (oSl (S5 a5 dai PWP
S esle OM (12 dws s :Sand (e Ao s Silt

TWI: Weighted average diameter of soil aggregates in dry state, PAD: percent degradation of soil aggregates,
MSat: Saturated soil moisture, FC: field capacity, PWP: Permanent wilting point, AW: Total available water,
AUC: Area under the soil-water retention curve, S: Slope of the soil-water retention curve at the inflection point,
Silt: Silt percentage, Sand: Sand percentage, OM: Organic matter
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