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Table 1- General characteristics and classification of the pedons in the studied area
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1 244 HTll 3-5 Well Cu‘l‘g ; ; ted Typic Haplustepts Calcaric Cambisols
4 Cuolio »b . . .
2 215 ‘ 5-8 j G Haplustept: Haplic G 1
Hill Wel uncultivated YPSIC HapIusiepts ApHe LYPSISOS
3 125 N 12-15 sl A Typic Ustifluvents Haplic Gypsisols
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Sl cudd Cawlio »b . . .
4 8 5-8 Haplustept Hapl 1
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Ll s caslie b . . .
5 71 3-5 T Haplosalid. Haplic Solonchak
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6 91 3-5 T Haplustept Call Cambisol.
Alluvial plain Wel Cultivated ypic Haplusiepts alearic L-ambiso’s
& o Cubd cunlio hi . . .
7 106 Plateau 3-5 Well Cultivated Gypsic Haplustepts Haplic Gypsisols
JECTRROR Ganlio oy . . .
8 120 3-5 G Haplustept Haplic G 1
Alluvial plain Wel Cultivated YPsic Hapiustepts APHC LIYPSISOs
&y Cubd Conlio =h . . .
9 155 Plateau 1-3 Well Cultivated Typic Haploustepts Calcaric Cambisols
& po Cubd ) cwlio b . ) .
10 145 Plateau 1-3 Well Cultivated Typic Haploustepts Calcaric Cambisols
T s s L
11 122 e 3-5 i > Aquic Haplosalid Gypsic Solonchak
Lowland Slightly Uncultivated quic taplosalids ypsic Soloncha
Poor
Coms o2yl Caynds L
12 118 s 1-3 : > Aquic Haploustept Haplic Gypsisol
Lowland Poor Uncultivated duic Haplousiepts ApHe BYPSISOTS
R . =) T .
13 132 Alluvial plain 1-3 Slightly Cultivated Aridic Ustorthents Calcaric Regosols
poor
R . =) . . .
14 104 Alluvial plain 1-3 Sll;%};trly Cultivated Gypsic Haploustepts Haplic Gypsisols
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Figure 1- Geographic and soil profile locations in the studied region
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Table 2- Physical and chemical properties of the studied soils

. Olyd o3Il 2595
o

L) Particle size cdl ECe CCE oM Gyps. CEC
Horizon Depth distribution (%) Texture  dS/m pHe cmol./kg
(em) Sand  Silt  Clay (%)
Profile 1- Typic Haplustepts
Ap 0-15 29 53 18 SiL 0.7 7.9 394 0.64 0.3 10.2
Bw 15-60 24 52 24 SiL 0.6 7.9 39.6 0.39 0.3 153
Cl 60-93 27 53 20 SiL 1.7 7.6 39.7 0.28 0.6 14.2
C2 93-150 26 50 24 SiL 1.6 7.7 38.6 0.24 0.5 16.4
Profile 2- Gypsic Haplustepts
A 0-24 39 33 28 CL 2.8 7.7 373 0.40 0.1 123
Byl 24-48 46 32 22 L 2.6 7.6 355 0.24 27.2 9.0
By2 48-90 52 22 26 SCL 4.5 73 36.6 0.29 37.6 5.5
2C 90-150 27 48 25 L 2.8 7.7 36.8 0.10 224 6.7
Profile 3- Typic Ustifluvents
A 0-20 42 30 28 CL 8.1 7.5 335 0.20 442 7.7
Cy 20-92 40 35 25 L 4.9 7.7 323 0.12 46.3 8.0
2Byb 92-160 34 42 24 L 2.9 7.5 38.9 0.11 9.9 6.5
Profile 4- Gypsic Haplustepts
Al 0-30 39 42 19 L 13.6 7.5 33.7 0.42 25.9 8.2
A2 30-58 36 44 18 L 15 7.4 30.5 0.25 63.9 6.4
By 58-98 37 38 25 L 10.6 7.5 29.7 0.14 66.5 9.0
C 98-150 32 39 29 CL 55 7.6 344 0.18 45.6 9.0
Profile 5- Typic Haplosalids
A 0-23 19 46 35 SiCL 2.8 7.7 38.0 0.65 21 9.0
Bz 23-80 23 42 35 CL 58.1 7.8 36.0 0.28 12.8 7.5
Bw 80-109 22 44 34 CL 7.8 7.7 37.0 0.17 143 8.0
Cz 109-150 19 46 35 SiCL 41.5 7.6 38.5 0.18 8.8 55
Profile 6- Typic Haplustepts
A 0-10 23 48 29 CL 10.9 7.9 37.0 0.34 0.6 12.1
Bw 10-30 37 39 24 L 17.2 8.2 35.7 0.31 9.9 8.7
Cl 30-51 40 35 25 L 24.5 8 37.5 0.16 12 10.5
C2 51-150 32 44 24 L 3.1 7.5 373 0.10 9.4 11.4
Profile 7- Gypsic Haplustepts
A 0-24 39 40 21 CL 2.9 7.7 34.8 0.51 6.1 12.4
By 24-58 31 41 28 CL 3.0 8 34.7 0.35 17.9 7.0
Cyl 58-92 33 43 24 L 3.0 7.6 33.6 0.19 21.4 8.2
Cy2 92-150 36 37 27 CL 32 7.6 32.8 0.22 20.3 9.6
Profile 8- Gypsic Haplustepts
Ap 0-28 31 44 25 L 19.7 7.5 32.6 0.76 224 9.3
Byl 28-53 63 22 15 SL 2.65 7.7 232 0.12 78.7 6.4
By2 53-88 72 12 16 SL 23.7 7.4 212 0.18 78.4 7.3
Cyym 88-150 50 36 14 L 21.6 7.9 26.5 0.15 65.9 6.0
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Profile 9- Typic Haplustepts

A 0-23 15 40 45 C 4.2 7.5 394 0.75 1.8 15.2
Bwl 23-90 14 48 40 SiCL 7.8 7.8 394 0.46 34 12.0
Bw2 90-132 10 44 46 SiC 7.2 7.8 393 0.63 1.6 13.2
Bw3 132-150 13 44 43 SiC 9.7 7.7 393 0.54 1.4 9.0

Profile 10- Typic Haplustepts
Ap 0-39 9 38 53 C 1.0 7.7 394 1.53 0.2 15.8
Bwl 39-83 7 34 59 C 4.2 7.4 39.5 0.54 0.9 12.6
Bw2 83-150 7 36 57 C 54 7.1 39.6 0.25 2.8 10.2
Profile 11- Aquic Haplosalids

A 0-23 50 29 21 L 325 8.4 39.0 0.63 37.5 6.8
Byz 23-80 46 32 22 L 33.1 8.5 38.2 0.20 46.5 12.8
Cgz 80-150 44 35 21 L 39.5 8.4 38.7 0.20 40.6 10.0

Profile 12- Aquic Haplustepts
Ay 0-38 25 50 25 SiL 13.9 7.7 394 2.4 6.2 22.4
Bw 38-78 21 42 37 Cl 7.6 7.7 39.5 2.1 34 14.6
Bgl 78-100 15 45 40 SiL 7.3 7.7 395 1.8 2.0 14.2
Bg2 100-150 15 48 37 SiCL 5.6 7.8 395 1.0 1.2 11.6
Profile 13- Aridic Ustorthents
Ap 0-25 8 54 38 SiCL 5.0 7.4 39.2 1.24 0.5 12.4

Cl1 25-55 10 53 37 SiCL 2.9 7.5 393 0.62 1.4 15.5

C2 55-100 8 54 38 SiCL 3.6 7.5 394 0.42 0.9 12.4

C3 100-150 20 50 30 CL 2.5 7.7 395 0.25 0.8 8

Profile 14- Gypsic Haplustepts
Ay 0-10 44 37 19 L 25.0 8.4 39.5 0.89 37.1 4.2

By 10-38 47 35 18 L 25.1 8.1 394 0.49 38.5 12.6
Cyl 38-65 44 33 23 L 16.9 8.4 393 0.35 35.6 9.6
Cy2 65-150 43 40 17 L 12.9 7.9 39.5 0.20 10.5 12
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Table 3- The amounts of different iron forms in the studied soil profiles

kY] Fe, Fey Fe,-Fey Fey-Fe,/Feq Fe," Fe," Fe,™ - Fe,"
] m Feq/Fe, m
horizon (gkg) (gkg)
Profile 2
A 0.16 1.94 1.78 0.92 0.08 0.26 3.12 2.86
Byl 0.14 1.84 1.70 0.92 0.08 0.38 4.96 4.59
By2 0.14 1.85 1.70 0.92 0.08 0.55 7.25 6.70
2C 0.15 2.11 1.96 0.93 0.07 0.37 5.18 4.82
Profile 3
A 0.16 1.71 1.82 0.91 0.10 0.72 7.74 7.01
Cy 0.17 1.96 1.79 0.91 0.09 0.80 9.21 8.41
2Byb 0.15 1.80 1.65 0.92 0.08 0.29 3.52 3.23
Profile 7
A 0.19 1.9 1.75 0.92 0.10 0.32 3.24 2.92
By 0.18 2 1.82 0.91 0.09 0.38 4.27 3.88
Cyl 0.18 1.9 1.72 0.91 0.09 0.40 4.26 3.84
Cy2 0.17 1.8 1.63 0.91 0.09 0.36 3.86 349
Profile 9
Ap 0.50 3.1 2.69 0.87 0.16 0.86 5.34 4.48
Bwl 0.46 2.9 2.48 0.86 0.16 0.81 5.11 43
Bw2 0.40 2.4 2.3 0.96 0.17 0.68 4.1 342
Bw3 0.43 2.32 2.09 0.90 0.19 0.73 3.95 322
Profile 11
A 0.77 0.97 0.20 0.21 0.79 3.37 4.24 0.87
Byz 0.61 1.05 0.44 0.42 0.58 4.04 6.95 291
Czg 0.68 0.94 0.26 0.28 0.72 3.32 4.59 1.27
Profile 12
Ay 0.56 1.60 1.03 0.64 0.35 1.08 3.08 2
Bw 0.66 1.27 0.57 0.45 0.52 1.20 2.31 1.11
Bgl 0.60 1.32 0.71 0.54 0.45 1.06 2.33 1.27
Bg2 0.53 0.90 0.38 0.42 0.59 0.91 1.54 0.63
Profile 14
Ay 0.45 1.60 1.15 0.90 0.28 2 7.11 5.11
By 0.40 1.84 1.44 0.78 0.22 1.85 8.51 6.66
Cyl 0.32 1.76 1.44 0.82 0.18 1.29 7.11 5.82
Cy2 0.31 1.51 1.20 0.79 0.21 0.62 3.03 2.41

ool slea st :Fe,-Fey « (Dithionite extarctable iron oxides) U ¢ oyal sloaus!:Feg « (Amorphous iron oxides) Jsi o ool slbaws]:Fe,

(Minogeneic dithionite SLjgpe J5 o2l :Fey™ « (minorogeneic amorphous iron) Js_s — Sojgme ol :Fe,™ (Crystalline iron oxides) sl

(Minorogeneic crystalline iron oxides ) <395 csyob o2l st Fey™ - Fe,™ extractable iron)
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Table 4- The amounts of magnetic susceptibility in the studied soils

& leod-s B, o1 Lt A= Anf L P e | nr” m, m
. 107°(m™/kg™) Jy,0d 10%(m"/kg™) X"t
Horizon X
Profile 2
A 25.5 25.5 1.6 41.0 41.0 1.0
By, 12.1 11.8 2.7 32.6 31.8 1.03
By, 11.9 11.7 3.9 46.6 45.9 1.02
2C 17.9 17.8 2.5 44.0 437 1.01
Profile 3
A 21.7 21.6 4.5 98.2 97.7 1.0
Cy 154 15.2 4.7 72.4 71.4 1.01
2Byb 19.2 18.8 2.0 37.6 36.8 1.02
Profile 7
A 17.7 17.3 1.7 30.2 29.5 1.02
By 16.2 16.2 2.1 34.6 34.6 1.0
Cy, 14 13.9 2.2 31.2 31.0 1.01
Cy, 13.2 12.3 2.1 28.3 26.3 1.07
Profile 9
Ay 11.6 11.6 1.7 20.0 20.0 1.0
Bw 11.5 11.5 1.8 20.3 20.3 1.0
Bgl 9.4 9.4 1.7 16.1 16.1 1.0
Bg2 9.2 9.2 1.7 15.7 15.7 1.0
Profile 11
A 5.7 5.5 4.4 24.9 24.0 1.04
Byz 5.6 5.4 6.6 37.1 35.8 1.04
Czg 5 4.2 4.9 244 20.5 1.19
Profile 12
Ay 19.1 18.9 1.9 36.7 36.3 1.01
Bw, 11.3 11.2 1.8 20.5 20.4 1.01
Bw, 5.9 5.4 1.8 10.4 9.5 1.09
Bw; 59 5.9 1.7 10.1 10.1 1.0
Profile 14
Ay 15.5 15.5 4.4 68.9 68.9 1.0
By 134 13.3 4.6 62.0 61.5 1.01
Cyl 12.1 12.1 4.0 48.9 48.9 1.0
Cy2 8.9 8.9 2.0 17.9 17.9 1.0

YU uilS 3 5 swibline (o), nr {Oven dried Magnetic susceptibility ) sl wblise o)l 70
(Minerogenic Magnetic susceptibility ) jsyue aablio )képd " « (High frequency magnetic susceptibility)
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Table 6- Comparision of the average magnetic susceptibility and iron forms in the studied soils

1 = o od m
215590 38 2l Fey Fe, FeqyFe, Lt X m, . od
R Fe,/Fe N . [ Yar
Physiographic unit (gkg" ‘ 10°(m"/kg™) aar
¥ 1.88° 0.15% 1.77° 0.08° 17.67° 55.07° 3.28°
Hill
&y Cub> 2.29°¢ 0.31° 2.06° 0.12° 12.85° 20.87° 1.65°
Plateau
P 1.34° 0.53° 0.80° 0.44° 9.79* 32.69° 3.44°
Lowlands

Al o HId sime OB pas Jxe 4y (gt S5 ) ailiie CBgy>
Numbers followed by the same letter are not significantly differences (P<0.05).
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Introduction: The Fe forms diversity is related to parent materials, climate, soil process, biocycles, water table
fluctuation, redox, organic matter and etc. in soil. The main Fe forms are Fey (extracted by dithionite citrate
bicarbonate), Fe, (extracted by oxalate ammonium) and Fe crystals. Fe,/ Feq ratio also shows active Fe forms. Magnetic
susceptibility (MS) increases when ferri-magnetite is formed due to soil processes. This characteristic (MS) changes
with parent material, climate, relief, and organism. Therefore, this study was undertaken to evaluate different Fe forms
and MS with soil forming factors in some gypsic soils of Khuzestan province.

Material and Methods: The study area was located in Ramhormoz and Haft-Kel regions in Khuzestan province.
Soil moisture and temperature regimes were ustic and hypertermic, respectively. Soil parent material consisted of the
eluvial deposit of Gachsaran and Aghajari geological formations. The soil profiles location was selected according to
topography map, ETM" Landsat satellite images, and then 14 soil pedons were dug and described according to the
standard methods. All horizons or layers were sampled and 5 pedons were selected for the analysis of different Fe
forms. Feyand Fe,were, respectively, extracted by citrate-bicarbonate-dithionite (CBD) and oxalate ammonium, and Fe
cocentration was then determined by atomic absorption spectrometry. Furthermore, MS was determined by MS2 meter
Barlington Dual frequency in low (0.46 kHz) and high (4.6 kHz) frequencies. All MS were calculated for carbonates,
gypsum, and OM free. These calculations were also done for Fe forms in these samples. The statistical analysis was
carried out with SPSS and Pierson methods between Fe forms and MS. The Duncan’s test was used to compare the
mean values.

Results and Discussion: Pedons were classified as Entisols, Inceptisols, and Aridisols soil orders. The range of clay
content, pHe, ECe, CEC, OM, CCE and gypsum was 15-59%, 7.1-8.5, 0.6-58.1 dS/m, 4.2-22.4 cmoly/kg, 0.3-2.4%,
21.2-39.7%, and 0-78.7%, respectively. All epipedons were classified to be ochric and developed soils had cambic
diagnostic horizon (Bw) in subsurface. Fe, content was maximum in young soil under poor drainage, and minimum Fe,
content was observed for developed pedons with good drainage class. The sepedons have not been cultivated yet. Fe,
was maximum at surface soils in all pedons, and decreased with increasing depth. A decreasing trend was observed
from surface to subsurface for Fe content in cultivated soils. This negative trend was not, however, detected in poor
drainage class or pedons with lithologic discontinuity. This trend can be ascribedto more organic matter content in
surface soil in comparison with subsurface soil. Organic matters increase soil acidity and therefore, Fe, can not be
converted to other Fe forms under this circumstance. Maximum Fe, was determined under poor drainage class in low
lands. In addition, Fe, displayed no trend from the surface to depth at most pedons. Maximum Fey was foundin old plain
and the hill slope summit. This Fey was positively strongly correlated with soil development trend. Fey had a positive
association with clay content (r=0.463), and negative correlation with sand content (r=-0.411), salinity (r=-0.533), and
total carbonate, gypsum and OM (r= - 0.389). Fe," (Fe, menerogic) was maximum in Byz (4.04 gr/kg soil) and
minimum content for Fe,"was found in Byb (0.29 gr/kg soil). Maximum andminimum Fe,"was measured in Cy (9.21
g/kg) and Bg2 (1.54 g/kg), respectively. The Fe,/ Feq ratio was largerin young soil and decreased with time. These
values decreased from the surface to depth with the range from 0.07 to 0.8. The greatest and lowest Fe,/ Fegwere,
respectively, observed inthe hills and the low lands. There was no significant difference in Fe,/ Fey between hill and
plain.

MS changed from 5 to 25.5. Maximum and minimum MS was detected in the hills and the low lands. MS decreased
with depth in almost all horizons. The highest and lowestMS were, respectively, found in pedon 3 (Byb horizon) and
pedon 12 in the Bw3 horizon. The MS minerogenicwas statistically significantly associated to sand content (r=0.56*%*)

1, 2 and 3- Graduated M.Sc. Student, Associate Professor, Department of Soil Science and Graduated M.Sc. Student, Agricultural
Sciences and Natural Resources University of Khuzestan, Iran
(*- Corresponding Author Email: siroosjafari@yahoo.com)



IWAY didwl— pogg F o5lod XY al>r (S g T 4 VVPY

and significantly negatively correlated with total carbonates, gypsum, OM (r=-0.667*%*), silt content (r= -0.506) and
clay content (r= -0.456). The positive relationship between sand content and MS can be explained by the effect of
magnetic materials inherited from the parent materials.

Conclusion: Fey and Fe,- Fey showed a close correlation with soil development. Fe,/Fey ratio increased with
decreasing soil age. Fe, content had a positive correlation with total carbonate, OM, salinity. MS was more in older
soils such as hill physiographic unit but it was low in younger soils or soils with weak drainage. MS was greatly
affected by sand material size which seems to be linked to parent materials. MS showed no trend with soil development
but land use, drainage and parent material largely impacted MS and different Fe forms in these gypsiferous soils.
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