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Figure 1- The study area
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Table 1- Selected physicochemical properties of the cultivated profiles
t Ses ¥ S v, pH OC CCE CEC

(cm) (gkg?) (gkgh)  (cmolkg?)
Fine,mixed, superactive, mesic, Chromic Calcixererts :\ # S(Profile 1)
Ap 0-20 180 340 480 69 84 105 38.2
Bw 20-40 140 340 520 6A 49 150 35.7
Bkssl ~ 40-100 160 310 530 7.1 49 160 44.7
Bkss2  100-140 150 310 540 7 2.7 220 37.4
Fine,mixed, superactive, mesic, Typic Haploxererts :¥ #,S&(Profile 2)
Ap 0-30 310 300 390 6.8 7.9 25 33.8
Bw 30-80 238 362 400 7 6 65 35.6
Bssl 80-110 232 300 468 7 5 30 29.4
Bss2 110-150 252 340 408 72 5.1 35 31.2
Fine, mixed, superactive, mesic, Typic Calcixererts :v' & ,S&(Profile 3)
Ap 0-30 164 456 380 69 99 135 34.7
Bkssl 30-70 124 396 480 73 6.3 205 34.7
Bkss2 70-110 104 376 520 7.5 15 215 31.2
Bkss3 110-160 104 336 560 7.6 22 230 25.99

S9l Jols cud b :CEC ¢ IS pundlS @l S :CCE ( JI )8 : OC

hj 18 SBESB alond 9 (58 Oloogas (A=Y Jg>
Table 2- Selected physicochemical properties of the uncultivated profiles

&9 Ges o s o pH ocC CCE CEC
(cm) (gke) (gke" (cmol kg™
Fine,mixed, superactive, mesic, Chromic Calcixererts :\ ,S1(Profile 1)

A 0-20 192 456 352 6.8 16.4 170 34.7
Bw 20-50 232 436 332 6.9 10.4 195 30.3
Bkssl 50-100 312 396 292 7 16.1 235 36.5
Bkss2  100-150 352 336 312 7.1 15.3 245 31.2

Fine,mixed, superactive, mesic, Typic Haploxererts :¥ #,s&(Profile 2)

A 0-20 320 300 380 7 17.9 45 35.5
Bw 20-60 180 300 520 7 5.5 35 355
Bssl 60-100 180 280 540 6.9 33 80 35.2
Bss2  100-150 170 290 540 7 4.5 160 343

Fine, mixed, superactive, mesic, Typic Calcixererts :¥' #,S(Profile 3)

A 0-20 184 396 420 6.9 15.9 100 31.2
Bkssl 20-60 164 356 480 7.1 6.2 145 33.8
Bkss2  60-100 124 356 520 7.6 2.2 155 325
Bkss3  100-150 204 316 480 8 2.8 215 24.2

=hi Sy Sl 1674 359.6 478.1 7.4 5.1 142.9 36

=hi Sy ol 2193 3438 4369 7.2 8.7 158.9 32.7
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Table 3- Theamounts of iron oxide formsin the cultivated profiles

Rl Gos Fe, Fe, Fe, Fe.ys Feo/Feq
(cm) (gkg’)

Fine,mixed, superactive, mesic, Chromic Calcixererts :\ #,S(Profile 1)
Ap 0-20 216 086 0.79 1.31 0.39
Bw 20-40 324 123 074 2.01 0.38
Bkssl 40-100 393 142 074 251 0.36
Bkss2 100-140 441 085 0.78 3.56 0.19

Fine,mixed, superactive, mesic, Typic Haploxererts :¥ #,s& (Profile 2)
Ap 0-30 382 122 076 2.6 0.32
Bw 30-80 3.04 1.16 0.73 1.88 0.38
Bssl 80-110 282 1.18 093 1.64 042
Bss2 110-150 214 1.08 0.7 1.06  0.51

Fine, mixed, superactive, mesic, Typic Calcixererts ¥ # s (Profile 3)
Ap 0-30 1.67 157 0.67 0.1 0.94
Bkssl 30-70 1.76 1.4 0.51 0.36 0.79
Bkss2 70-110 1.2 1.16 0.54 0.83 0.58
Bkss3 110-160 2.04 089 054 1.15 0.43
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Table 4- The amounts of iron oxide formsin the uncultivated profiles

el Gos Fe, Fe, Fe, Fecys: Feo/Feq
(cm) (gkg")

Fine,mixed, superactive, mesic, Chromic Calcixererts :\ #,s&(Profile 1)
A 0-20 1.19 0.67 059 0.52 0.56
Bw 20-50 1.16 0.81 0.69 0.35 0.69
Bkssl 50-100 1.2 1.11 0.73 0.09 0.92
Bkss2 100-150 134 1.1 046 0.24 0.82

Fine,mixed, superactive, mesic, Typic Haploxererts :¥ #,s& (Profile 2)
A 0-20 282 097 023 1.86 0.34
Bw 20-60 287 126 023 1.61 0.44
Bssl 60-100 292 1.17 029 1.75 0.4
Bss2 100-150 296 1.04 038 192 0.35

Fine, mixed, superactive, mesic, Typic Calcixererts ' #,S& (Profile 3)
A 0-30 1.75 1.13 039 0.61 0.65
Bkssl 30-70 1.73 138 0.24 0.35 0.79
Bkss2  70-110 1.0 144 0.2 0.07 095
Bkss3 110-160 137 0.8 022 0.56 0.59
=hi s eSke 288 128 072 1.71 0.48
o=hi S ke 1.9 1.09 038 0.8 0.64
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Figure 3- X-ray diffraction pattern of clay fraction from the
cultivated surface soil of profile 1
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Figure 2- The comparison of X-ray diffraction pattern of

non-oriented from the surface soil of profile 3 for the
cultivated and uncultivated soils
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Figure 4- The comparison of X-ray diffraction pattern of

clay fraction from the surface soil of profile 3 for the
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Figure 5- The comparison of X-ray diffraction pattern of clay
fraction from the surface soil of profile 2 for the cultivated and
uncultivated soilsin the treatment of K plus heat
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Introduction: Human activities such as intensive cultivation and land use changes alter nutrients fluxes
(mainly iron) and mineralogy in soil and terrestrial ecosystems. Iron is an essential element for plants and
microorganisms and its solubility is controlled by stable hydroxides, oxyhydroxides, and oxides. In general,
parent material, climate, and landscape position are the major factors that accelerate the weathering of the
minerals and rocks containing Fe in the regional scale. However, long-term cultivation and intensified
agriculture may be the dominant attributes of modifications in soil properties like Fe compounds mainly in arid
and semiarid regions, where the irrigational and agricultural practice is current over long-term periods. Although
substantial data is documented on Vertisols properties, few studies are available to assess the effects of long-term
continuous cultivation on the characteristic and distribution of iron oxides and their mineralogy, mainly in
calcareous environments.

Materials and Methods: This study was conducted in the Piranshahr - Pasvah area (36° 46 to 36° 50 N and
45° 09 to 45° 50 E, 1500 m above sea level), West Azarbaijan Province, northwest of Iran. Six soil profiles
belonging to three subgroups of Vertisols order (Chromic Calcixererts, Typic Haploxererts, and Typic
Calcixererts) were described and sampled from the cultivated soils and similar soils from the nearby uncultivated
region as grassland. Soil samples were air-dried and passed through a 2-mm mesh sieve before the analysis. Soil
analysis included particle-size distribution, pH and electrical conductivity (EC), soil organic carbon (SOC),
calcium carbonate equivalent (CCE), cation exchange capacity (CEC), the determination of iron oxides forms
and mineralogical composition. Free or pedogenic Fe oxides (Fed) including crystalline, poorly crystalline, and
organically bound Fe were extracted by dithionite—citrate—bicarbonate (DCB) method. Poorly crystalline and
organically bound Fe (Feo) were extracted using 0.2 M ammonium oxalate (AO). Organic complex of Fe (Fep)
was extracted by 0.1 M Na-pyrophosphate at pH 10. All Fe oxide forms were determined using atomic
absorption spectrometry. The difference between DCB-Fe and AO-Fe was considered as an estimation of
crystalline Fe oxides form.

Results and Discussion: The results showed that long-term cropping caused a considerable drop in organic
carbon and calcium carbonates along with a noticeable rise in the values of clay and cation exchange capacity as
a result of accelerated alteration by farming activities and interactions between the used irrigation water and soils
receiving it. Long-term cultivation improved the amount of Fed and Fecry (crystalline Fe) from 1 to 64% and 44
to 90%, respectively, than those of uncultivated soils which can be explained in some pathways: (1) accelerated
weathering of Fe-bearing minerals (such as biotite, chlorite, feldspars, amphibole, and pyroxene) in the
cultivated soils and (2) the higher temperature condition and the more number of wetting—drying cycles in the
cultivated soils compared to the uncultivated soils. Despite the fact that long-term cultivation caused a
significant decrease in organic matter, a pronounced increase in organic complex of Fe with the range of 19 to
61% was recorded with farming practices. Such pattern can be contributed to the chemistry of organic matter and
the presence of more stable fraction (passive fraction) of soil organic matter in the cultivated soils. The XRD
patterns of primary Fe-bearing minerals (such as amphibole, pyroxene, and feldspar) had less intense in the
cultivated soils compared to those of the adjacent uncultivated soils, indicating that probably cultivation
promoted the instability and weatherability of Fe-bearing minerals as well as the loss of Fe from the minerals. In
contrast, the X-ray reflections of secondary Fe-oxide minerals such goethite appeared to be higher, sharper and
intense by long-term cropping, suggesting that agricultural practices also promoted the crystallization of the soil
Fe oxides. Compared to the uncultivated soils, long-term agricultural practices caused some changes in X-ray
reflections of chlorite, illite, and smectite.

Conclusions: The results showed that the weathering of Fe-bearing minerals and layer silicates, as well as
the production of Fe oxide forms were promoted under long-term continuous cropping. Under cultivation, a
pronounced increase in Fe-oxide forms, particularly Fed and Fecry, was recorded for the most of the examined
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soils which can be associated with the combined effects of increased soil temperature and moisture content from
irrigation and farming practices. As emphasized, the combined effects of increased compounds from agricultural
input (such as chemical and organic fertilizers, the compound of irrigation water, and moldboard tillage) as well
as increased precipitation from irrigation interacted to create conditions for: (1) more intense the weathering of
Fe-bearing minerals and (2) the more production of iron oxides forms in the cultivated soils.

Keywords: Crystalline iron, Cultivated soil, Mineralogy, Pedogenic iron
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