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Abstract; The transformation of iron oxide forms in the process of soil water management in paddy fields has an important impact on soil cadmium (Cd) activity and
accumulation in rice. The test soil for this experiment was purple paddy soil in southwest China contaminated with exogenously added Cd. Through indoor cultivation
experiments, the effects of water management ( continuous flooding, CW; alternating wet and dry, DW) combined with iron oxide application ( goethite, G-Fe; iron powder,
Fe) on the pH, redox state (Eh, pe + pH), iron oxide form conversion, and Cd bioavailability changes in Cd-contaminated soil were studied. Meanwhile, the coupling
relationship between the transformation of iron oxide form and the evolution of soil Cd activity driven by water management were also analyzed. The results showed that DTPA-
Cd content was decreased by 17.7%-39.2% after 93 days of flooding, indicating that CW could significantly reduce soil Cd bioavailability. CW combined with Fe or G-Fe
application significantly enhanced the passivating effect on soil Cd. Among them, the DTPA-Cd content of G-Fe application was reduced by 24.3% compared with that of the
CK after 14 d of flooding; thus, G-Fe was effective in short-term passivation. The reduction in DTPA-Cd content of Fe application was 39. 2% after 93 d of flooding, so Fe was
able to passivate soil Cd continuously. It was also found that the application of iron oxides under alternating wet and dry conditions had no passivating effect on soil Cd.
Furthermore, based on correlation analysis, the formation of amorphous iron (Fe,) (P <0.01) was verified as the main reason for the change in Cd bioavailability of Cd in
the soil; firstly, the soil pH gradually declined to 7.4, and the soil was kept at reduction conditions under CW, which promoted the morphology transformation from the
crystalline state (Fe,) to Fe . This transformation subsequently pushed the Cd transformation from the exchangeable state to the iron-manganese combined state and thus
resulted in the significant decrease in Cd bioavailability. Meanwhile, the content and proportion of Fe_ were also significantly increased by the application of CW combined with
Fe or G-Fe, thus further enhancing its Cd passivating effect on the soil. This research provides a scientific basis for the optimal water management and the application of iron-
containing passivation agent in the safe use of Cd-contaminated paddy soils.

Key words: farmland soil; water management; cadmium (Cd) ; iron oxide; bioavailability
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Fig. 1 Changes in pH, Eh, and pe + pH values of different treatments with soil incubation time
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Fig. 4 DTPA-Cd content in different treatment periods under two water management
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Fig. 5 Proportions of soil cadmium forms under different treatments and flooding periods under the two water management
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