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Dynamic Change of Dissolved Iron in Wetland Soil Solutions Responding to

Freeze-thaw Cycles
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Abstract : The effects of five freeze-thaw cycles on the dynamic change of dissolved iron in three typical wetland soils (humus marsh soil
in Carex lastocarpa community, meadow marsh soil in Carex meyeriana community, and meadow albic soil in Calamagrostis angustifolia
community ) of Sanjiang Plain, Northeast China, was analyzed through in-situ soil column simulation. One freeze-thaw cycle was
conducted as freezing at — 10°C for 1 d and then thawing at 5°C for 7 d. The thermostatically incubated soils at 5°C were controls. The
results showed that most pH and Eh values increased after the first freeze-thaw cycle, and then decreased after the subsequent cycles.
84.4% of the pH values of freeze-thaw treated soils were smaller than that of control, while 82.2% of the Eh values of freeze-thaw
treated soils were greater than that of control. Most of the dissolved iron in all soil solutions were Fe’* ions and colloids, and the
reduction of these Fe'* species were inhibited. The concentrations of Fe’*, Fe'*, and total dissolved iron( TFe) of the freeze-thaw
treated soils were all smaller than that of controls, with the means of (0.62 +0.08) mg + L™' and (1.25 +0.16) mg- L',
respectively. The variation trends of pH, Eh, and dissolved iron in the humus marsh soil were significantly different from that in the
meadow albic soil. The trends in the meadow marsh soil, as the transitional soil type, were more similar to the meadow albic soil for
pH, while more similar to the humus marsh soil for Eh and dissolved iron. Among the three soils, the difference between freeze-thaw
treated columns and controls of the second layer were all smaller than that of the third and fourth layer, which indicated that the effect
of freeze-thaw cycles were more significant for the upper annular wetland soil layers than the lower layers.
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1 Table 1 ~ Environmental background of the wetland transect
1.1 M
)
2
Table 2 Physical and chemical properties of the wetland soils
Fe DOC NH, -N NO; -N P
/em / mg -+ kg /mg - kg ! /% / mg - kg / mg - kg /mg - kg ™! /%
0~10 18 680 3879 23.45 1312 1.93 1 644 15. 46
M 10 ~20 19312 2762 20. 19 1146 1.64 1512 22.74
20 ~30 22 352 2139 16. 52 1 104 1. 06 1408 32.20
30 ~40 27 197 1128 11. 69 1036 2.76 1326 39. 14
0~10 19733 1725 19.59 823 0. 64 1425 26.33
W 10 ~20 21305 1109 16.27 665 0.56 1300 31.33
20 ~30 30 108 1024 12.27 542 0. 60 1237 45.03
30 ~40 33710 888 10. 66 210 0.39 1015 49. 62
0~10 22 057 546 11.32 362 1.90 1234 62.55
X 10 ~20 19 643 353 7.26 268 1. 16 1021 70. 14
20 ~30 29 436 495 5.78 236 1. 81 982 63.31
30 ~40 35340 551 1. 15 133 1.51 840 63.79
1.2 M-1) ( 0.2
, ( pm )
1.2.3.4, 0~10 cm 10 cm
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Fig.1  Variation of pH in the wetland soil solutions responding to freeze-thaw cycles
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Fig.2 Variation of Eh in the wetland soil solutions responding to freeze-thaw cycles
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Fig.3  Variation of dissolved iron in humus marsh soil solutions of Carex lasiocarpa community responding to freeze-thaw cycles
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Fig.4 Variation of dissolved iron in meadow marsh soil solutions of Carex meyeriana community responding to freeze-thaw cycles
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Fig.5 Variation of dissolved iron in meadow albic soil solutions of Calamagrostis angustifolia community responding to freeze-thaw cycles
in tundra and taiga soils [ J]. Soil Biol Biochem, 1996, 28
1061-1066.
[ 9] Lipson D A, Schmidt S K, Monson R K. Links between
microbial population dynamics and nitrogen availability in an
(1] alpine ecosystem|[ J]. Ecology, 1999, 80 1623-1631.
1 ,
[10] Yanai Y, Toyota K, Okazaki M. Effects of successive soil freeze-
[J]. , 1995, 14(6) : 29-34.
thaw cycles on soil microbial biomass and organic matter
[ 2] Edwards L W. The effect of alternate freezing and thawing on

(7]

(8]

aggregate stability and aggregate size distribution of some Prince
Edward Island soils [J]. J Soil Sci, 1991, 42. 193-204.
Oztas T, Fayetorbay F. Effect of freezing and thawing processes
on soil aggregate stability [J]. Catena, 2001, 52 1-8.
Chamberlain E J, Gow A. Effect of freezing and thawing on the
permeability and structure of soils [ J]. Engin Geol, 1979, 13
(14).73-92.
Kim W H, Daniel D E. Effects of freezing on hydraulic
conductivity of compacted clay [J]. J Geotech Engin, 1992,
118(7) : 1083-1097.
, , . (1]
( ), 2001, 21(4) . 35-38.

, . (1] ,

2002, 24(5) : 665-667.

Schimel J P, Clein J S. Microbial response to freeze-thaw cycles

[11]

[12]

[14]

decomposition potential of soils [ J]. Soil Sci Plant Nutr, 2004,
50. 821-829.
Bolter M, Soethe N, Horn R, et al. Seasonal development of

microbial activity in soils of northern Norway [ J].

2005, 15: 716-727.

Pedosphere,
Prieme A, Christensen S. Natural perturbations, drying-rewetting
and freeze-thawing cycles, and the emission of nitrous oxide,
carbon dioxide and methane from farmed organic soils [J]. Soil
Biol Biochem, 2001, 33. 2083-2091.

Wang F L, Bettany J] R. Organic and inorganic nitrogen leaching
from incubated soils subjected to freeze-thaw and flooding [ J].
Can J Soil Sci, 1994, 74 . 201-206.

Hobbie S E, Chapin F S. Winter regulation of tundra litter
carbon and nitrogen dynamics [J].

327-338.

Biogeochemistry, 1996, 35



31

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

Fitzhugh R D, Driscoll C T, Groffman P M, et al. Effects of soil
freezing, disturbance on soil solution nitrogen, phosphorus, and
carbon chemistry in a northern hardwood ecosystem [ J].
Biogeochemistry, 2001, 56 215-238.

Herrmann A, Witter E. Sources of C and N contributing to the
flush in mineralization upon freeze-thaw cycles in soils [ J]. Soil
Biol Biochem, 2002, 34 . 1495-1505.

Grogan P, Michelsen A, Ambus P, er al. Freeze-thaw regime
effects on carbon and nitrogen dynamics in sub-arctic heath
tundra mesocosms [ J]. Soil Biol Biochem, 2004 , 36 : 641-654.
Yanai Y, Toyota K, Okazaki M. Effects of successive soil freeze-
thaw cycles on nitrification potential of soils [ J]. Soil Sci Plant
Nutr, 2004, 50 . 831-837.

Wang G P, Liu J S, Zhao H Y, et al. Phosphorus sorption by
freeze-thaw treated wetland soils derived from a winter-cold zone
(Sanjiang Plain, Northeast China) [J]. Geoderma, 2007, 138
153-161.

Joseph G. Henry A L. Soil nitrogen leaching losses in response to

freeze-thaw cycles [ J]. Soil Biol Biochem, 2008, 40, 1947-

1953.
, , - Fe.
Mn (1. , 1990, 39(8); 612-
615.
, . Fe,Mn
(1. , 1996, 8(1); 3542,

Bech J, Rustullet J, Garrigo J, et al. The iron content of some
red Mediterranean soils from northeast Spain and its pedogenic
significance [J]. Catena, 1997, 28(3-4) : 211-229.
, . [J].
, 2006, 43(3) ;: 493499,

5 B

[J1. , 1981, 18(4) : 326-334.

[27]

[32]

[33]

[36]

Zou Y, Lu X, Jiang M. Dynamics of dissolved iron under

pedohydrological regime caused by pulsed rain events in wetland

soils [J]. Geoderma, 2009, 150(1-2) ; 46-53.

Reddy K R, DeLaune R. Biogeochemistry of Wetlands: Science

and Applications [ M]. Boca Raton: CRC Press, 2008. 405-

443.

Becquevort S, Lancelot C, Schoemann V. The role of iron in the

bacterial degradation of organic matter derived from Phaeocystis

antarctica [ J]. Biogeochemistry, 2007, 83 119-135.
. . [M].

151-156.

,1991.

Wang G, LiuJ, Wang J, et al. Soil phosphorus forms and their

variations in depressional and freshwater wetlands

(Sanjiang Plain, Northeast China) [J].
59-74.

riparian

Geoderma, 2006, 132

[J1. , 2009, 30(7) : 2059-2064.
Ponnamperuma F N. The chemistry of submerged soils [J]. Adv
Agron, 1972, 24 29-96.

Lipson D A, Monson R K. Plant-microbe competition for soil
amino acids in the alpine tundra;: effects of freeze-thaw and dry-

Oecologia, 1998, 113. 406-414.
[M]. , 2001. 331-

rewet events [ J].

332.

Liang L Y, Mccarthy J F, Jolley L. W, et al. Iron dynamics:
Transformation of Fe ( I )/Fe ( Il ) during injection of natural
organic-matter in a sandy aquifer [ J]. Geochim Cosmochim
Acta, 1993, 57 1987-1999.

Peiffer S, Walton-Day K, Macalady D L. The Interaction of
natural organic matter with iron in a wetland ( Tennessee Park,
Aqua Geochem,

Colorado) receiving acid mine drainage [ J].

1999, 5. 207-223.





