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5-Fertility Capability Classification
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2-Territorial
3- Soil Survey Staff, 2010
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1-Saturated |sothermal Remnant Magnetization
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Figure 1- Spatial sitibution of studied profilesin four selected soil moistureregimes
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4-Saturation Isothermal Remanent Magnetization( at the field
1000 mT)
5- Isothermal Remanent M agnetization
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1- Low Frequencey Magnetic Suseptibility
2-High Frequencey Magnetic Suseptibility
3-Dependent Frequencey Magnetic Suseptibility
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Table 1- Statistical description of some physicochemical propertiesin soil moisture control section in different soil
moistureregimes, n=25

pie wly oSle e Sle leededl  Olwicups (S Sl dlleg s

Variable Unit Mean Min Max SD CV Skewness Kurtosis K-S
Sodg
(Udic)
pH - 7.64 6.91 7.99 0.241 3.14 -0.972 1.75 0.221
SOM (%) 1.63 0.201 3.24 0.918 75.2 0.081 -1 0.254
Fe, (%) 0.071 0.022 0244 0.051 714 2.25 5.22 0.003
Fey (%) 0.562 0.271 127 0.253 446 1.17 0.866 0.093
Fes-Fe, (%) 0.483 0.256 1.19 0.232 47.9 1.47 211 0.082
Fe,/Fey (%) 0.145 0.055 0.312 0.061 42.8 0.821 0.571 0.191
Clay (%) 28.6 6 40 8.92 311 -1 0.217 0
Silt (%) 49.8 28 63 1.02 2.04 -1.12 0.214 0.062
Sand (%) 20.3 6 57 10.5 7.76 1.62 1.33 0.002
So)s
(Xeric)
pH - 771 7.31 8 0.189 2.32 0.636 -0.059 0.245
SOM (%) 1.98 0.551 5.23 1.45 73.7 1 -0.054 0.001
Fe, (%) 0.065 0.032 0.118 0.026 333 0.228 -1.46 0.021
Fey (%) 0.372 0.221 0.523 0.089 216 -0.162 -1.15 0.171
Fes-Fe, (%) 0.345 0.197 0431 0.064 20 0.014 -1 0.223
Fe,/Fey (%) 0.169 0.098 0.328 0.055 31.2 0.816 0.243 0.021
Clay (%) 28.7 18 40 6.08 211 0.069 -0.436 0.212
Silt (%) 60.8 51 71 5.48 9 0.155 -1 0.223
Sand (%) 10.4 3 18 3.27 314 -0.178 0.548 0.201
o)l
(Aridic)
pH - 8.04 7.93 8.17 0.067 0.712 0.213 -0.461 0.211
SOM (%) 0.291 0.051 1.27 0.222 75.8 3.62 15.9 0
Fe, (%) 0.031 0.022 0.071 0.011 333 0.557 -0.711 0.011
Fey (%) 0.204 0.071 0381 0.099 45 0.424 -0.862 0.212
Fes-Fe, (%) 0.261 0.042 0322 0.073 43.7 0.269 -0.973 0.211
Fe,/Fey (%) 0.211 0.081 0411 0.088 40 153 2.82 0.091
Clay (%) 13.2 3 24 5.44 41 0.533 -0.136 0.213
Silt (%) 75.8 65 87 6.64 8.81 0.362 -0.977 0.213
Sand (%) 11.6 4 24 6.27 53.8 0.463 -0.913 0.234
S8
(Aquic)
pH - 7.94 7.63 8.15 0.133 1.60 -0.961 0.851 0.081
SOM (%) 0.212 0.011 0511 0.111 55.00 0.633 0.892 0.221
Fe, (%) 0.061 0.033 0111 0.011 16.60 0.044 -0.021 0.127
Fey (%) 0.161 0.136 0.422 0.077 26.90 -0.011 -0.533 0.212
Fes-Fe, (%) 0.234 0.099 0.398 0.077 35.00 0.512 0.165 0.211
Fe,/Fey (%) 0.243 0.071  0.456 0.075 29.10 0.173 0.811 0.223
Clay (%) 9.48 4,00 16.00 3.62 38.20 -0.002 -1.17 0.210
Silt (%) 80.1 71.00 88.00 458 5.71 -0.008 -0.322 0.212
Sand (%) 10.2 3.00 20.00 453 44.40 0.394 -0.531 0.211
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Table 2- Statistical description of the magnetic propertiesin soil moisture control section in different soil moisture regimes

n=25
e A ofle Sl Sl leed] ol st Ny S aloy Coud
Variable Unit Mean Min Max SD ug:’\“/"'“w Skewness Kurtosis K-S
Sodg
(Udic)
XIf (-"m’kg™) 74.9 38 142 20.3 27.8 1.25 4.08 0.213
xhf ("m*kg™) 71.4 37 135 18.8 26.3 1.37 4.60 0.221
Xid (%) 4.47 2 9 1.79 404 0.661 0.651 0.196
IRMuor (" AmPkg? 2321 441 4943 1065 458 0.942 1.09 0.157
SIRM (-"Am’kgh) 3445 1579 5380 730 211 0.231 2.19 0.021
)
(Xeric)
XIf (-"m’kg™) 57.7 27 98 24.6 426 0.172 -1.76 0.003
xhf (-*mPkg™) 51.8 25 87 21.2 409 0.191 -1.68 0.019
Xt (%) 9.42 2 22 373 39.3 1.61 5.94 0.175
IRMyorr ~ (1-7 A m?kg™?) 2259 1181 3690 798 35.3 0.223 -1.44 0.212
SIRM (-"Am’kg") 2233 1439 3552 630 282 0531 -0.662 0.013
Sl
(Aridic)
XIf 0-"m’kgh 326 22 38 4/46 136 -1.03 0.382 0.089
xhf (-"m3kg?) 315 22 37 4.25 134 -0.962 0.313 0.088
Xid (%) 334 0 11 2.46 73.6 0.922 2.29 0.032
IRMyorr  (-7AMPkg?) 1486 979 2009 235 158 -0.155 0.372 0.201
SIRM (-"Am’kgh) 1700 1171 2023 228 134 -0.712 0.066 0.210
Ko
(Aquic)
X (-"m’kg™) 29.2 18 41 6.77 23.1 -0.414 -1.061 0.011
xhf (-"m3kg?) 279 17 39 6.31 226 -0.442 -1.021 0.007
Xt (%) 4.22 0 11 2.77 65.9 0.455 0.815 0.158
IRMuor  (-°Am’kg? 1118 314 1779 524 46.8 -0.566 -1.39 0
SIRM (O-"Amfkgh) 1429 335 2618 712 49.8 -0.555 -1.20 0.016
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Figure 2- Distribution and linear regression equations of magnetic susceptibility at low frequency (a, b, ¢) and saturated
hysteresis(d, e, f) and various forms of iron
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Table 3- The correlation coefficient between magnetic parametersand soil propertiesin moisture control section in all studied
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Introduction: Soil moisture regime refers to the presence or absence either of ground water or of water held
at atension of less than 1500 kPa in the soil or in specific horizons during periods of the year. It is the most
important factor in soil formation, soil evolution and fertility affecting on crop production and management.
Also, it widely is practical in soil classification and soil mapping. The soil moisture regime depends on the soil
properties, climatic and weather conditions, characteristics of natural plant formations and, in cultivated soils, is
affected by the characteristics of crops grown, as well as the cultivation practices. Determination of soil moisture
regime within a landscape scale requires high information and data about moisture balance of soil profile during
some years according to Soil Survey Manua (2010). This approach is very expensive, labor, time and cost
consuming. Therefore, achievement to an alternative approach is seems essential to overcome these problems.
The main hypothesis of this study was to use capability of magnetic susceptibility as a cheap and rapid technique
could determine the soil moisture regimes. Magnetic properties of soils reflect the impacts of soil mineral
composition, particularly the quantity of ferrimagnetic minerals such as maghemite and magnetite. Magnetic
susceptibility measurements can serve a variety of applications including the changes in soil forming processes
and ecological services, understanding of lithological effects, insight of sedimentation processes and soil
drainage.

Materials and Methods: This study was conducted in an area located between 36°46 10” and 37° 2’ 28" N

latitudes, and 54° 29’ 31" and 55° 12’ 47" E longitudes in Golestan province, northern Iran. In the study region
mean annual temperature varies from 12.4 to 19.4 °C. The average annual rainfall and evapotranspiration varies
from 230 mm and 2335 mm in Inchebrun district (Aridic regime), to 732 mm and 846 mm in Touskstan uplands
(Udic regime), respectively. this study was conducted in four soil moisture regimes (Aridic, Xeric, Udic and
Aquic), for exploring the relationships between soil properties and magnetic measures. In each regimes, 25 soil
profiles were drug, described and soil samples were collected from each of soil horizons. Soil samples were air-
dried and sieved using a 2 mm sieve. The dithionite-citrate bicarbonate (DCB) method was used to measure Fey
and acid ammonium oxalate for Fe, In this study, a set of environmental magnetic parameters including
magnetic susceptibility at low frequency (xIf), saturation isothermal remnant magnetization (SIRM), isothermal
remnant magnetization (IRM1qo m7) Were measured. Magnetic susceptibility (x) was measured at low frequency
(0.47 kHz; x) and high frequency (4.7 kHz; X)) using a Bartington MS2 dual frequency sensor using
approximately 20 g of soil held in a four-dram clear plastic via (2.3 cm diameter). Frequency dependent
susceptibility (xq) was determined by the difference between the high and low frequency measurements as a
percentage of x at low frequency. IRM was measured at the field of 100 mT generated in a Molspin pulse
magnetizer (IRM19omt) and at the back field of 100mT (IRM_100mt). The IRM acquired in the maximum field of
1000 mT was measured and defined as the saturation isothermal remnant magnetization (SIRM) of the soil
sample.

Results and Discussion: The results showed that moisture regime induced significant differences for soil
physical and chemical properties. Diversities in genetic soil horizons and soil development degree have been
increased from Aridic to Udic soil moisture regime. The results also indicated that selected properties including
magnetic measures and physical and chemical properties were significantly different in four soil moisture
regimes. With increasing rainfall and reducing temperature from aridic to udic soil moisture regime, soil organic
matter was increased. Otherwise, in arid environment Gypsic, Calcic and Salic horizons were observed in the
near of soil surface. Fey and Feg-Fe, were the highest in udic and the lowest in udic soil moisture regime,
respectively. Moreover, higher soil development because of climate effect leaded to higher amount of pedogenic
ferromagnetic minerals, as well as the highest were observed in the Udic regime. Otherwise, in Aquic moisture
regime, the lowest value of magnetic susceptibility was obtained because of dissolution of ferromagnetic
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minerals (magnetite and maghemite) under supersaturating condition. In overal, close relationships were
observed between soil physical and chemical properties and magnetic measures in various soil moisture regimes.
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