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Effects of Water Content on Redox Potential and Carbon Mineralization of Wetland

Sediments
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Abstract: To better understand the effect of soil water contents on redox potential (Eh), and their impacts on C mineralization in natural
wetland, sediment samples from 3 types of wetlands (fen, humus marsh and marshy meadow) in the San-jiang Plate region of North China were
incubated (25°C) for 155 d under a range of reducing and oxidizing conditions by controlling water contents (varied from 24% to 232% of
water holding capacity) (WHC). CO,-C evolved during incubation was measured at different time intervals. Results showed that Eh of
sediments decreased significantly as water content increased from 24% WHC (lighted moisturized) to about 100% WHC, then decreased
slightly as water content increased further to a level of submersed Cabout 2 cm water-depths) . The accumulative amount of CO,-C evolved from
the sediments indicated that the optimum water contents for mineralization of organic C are 32%, 48% and 76%-100% WHC for sediments of
fen, humus marsh, and marshy meadow, respectively. The relationship between mineralization rates and redox potentials (Eh) were well fitted
with second order parabola equations (p < 0.05). Mineralization rates and accumulative amount of organic C displayed a positive correlation
with Eh up to 300 mV. However a significant negative correlation was observed when Eh increased above 300 mV. Results demonstrated that
low redox potential is the controlling factor of carbon accumulation of wetland in San-jiang Plate region.
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Table 1  Basic information of the sampling sites and the sediments
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Table 2 Water content of different sediments types and treatments
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Fig.1 Changes of sediment Eh under different water conditions
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Fig.2 Mineralization rates of organic carbon of sediments at

different water content
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Fig.3  Accumulative amount of carbon mineralization of sediments

at different water contents
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Fig.4 Mineralization rates of organic carbon of sediments at

different redox potentials

TR (p <0.05)5 5 Delaune M I 5T 45
R —3

DL B85 SR, 7RI RSN, 8 A58 i FL A7 X
o3 L B RV PR A B A ORI A LA 455 el B
5 B B AR AR B FA ] T A WL AR AR
WA, FAAGE T FAL 1 TH S fE B A 3 28 S0 W
CYE IR VB PE T8 L o T R RV B A B a) D DL AR ) A5 AL
Bty e 3 e PR R AT, G v 8 L UV B I e il
W52 OB 3D 1 SR I8 T LA 5 JE 7K 43 IR 30
FYIAACCE 1, BT Eh B AR SRR B
P Z R AR AR P ) 0 3 DR ) T ST AR L DA
pH 45, MR Z 15 B 1 68 e W TR (38D 7K 434k
L ARTEFCH, B 64% WHC Ab BRI 5% 1 B4, 18
KRR T AU 0 0 & B A L 2, 1 3)
3L Eh 3470 F 300 mVCE 1D, B, X — Eh {8
AR, AU AT 10 3 B2 44 & b 1) SRR JEOIR B
WL DL I P, BEELSE I B Bh 5A PR L2
[ 2 2 M AE R R C> 300 mV), Ko & — i
T HURE™ b 75 /K 13&E B Ve [, 9 H Eh (R 7K
Iy O BB, T LAYE Eh {H > 300 mV HIALEE, 44
A JFUIR AN A2 AT HURRAT A4 1 G e B 31 R1 7, 7K 43
(R Z AT e A& X 3 YT A HLBIA fh 3k e B 1)
TR

VY5 e VH R BV P b AR AL T
BUKRAS , 038 Ji F A & (% T 100 mV; 110 78 28
A A g ZE T RLK, BUKZETT I Bh H— AE 100
mV LUN, fEAERUK Y, e Bh H S s E A
It 300 mV, K125 Eh {H > 300 mV I 7K 4> & & DK T
76% WHCCE 1), X AE =LV Ji A K AT gk k.
U5 SRR ) SR A D F AT 0 — VT B e 0 VR 3 s
SR DA TR PR A YRR A A BB A 3 A 61
fEH .

3 it

(1) 7K A2 5 =1 J 3 248 U v R e
T A AR i F AT 1) 32 B2 DR, Bh {ELBf 7K 43 (1) 38 i
M BEAE, (HAE 7K 20 5 R AR B e Y 1R, 7K 4 B A
X Eh {51 52 1 FH B AIS

(2) 3 RUR M TR A WU A de 38 T K 43 7
WA K ZE T, Ve T EERAR, N 329% WHC, Ji5H
B Z, H 48% WHC, ¥ F A4k 5 f f =, A
76% ~100% WHC.

(3) W HB TR AT MBI A R 5 4 Ak R v
PAFAE R IR R (p <0.05)  AEIBJRA T



2386 7N 58

B

P

% 30 &

(Eh fH <300 mV), F7 HUBRH ™ A3 2 RH™ 4 5Bl 4 AL
A B T e T B 0, AE S A CER > 300
mV) I T FE AR . 7K 20 VA0 s AR 7K 3 B I I 4
P =X 8 D AR A B 4 2 18 1) i it

DAL, T 25745 1 TG RR /K 3 SO A8 A 38 i v A7 T vy B A

TEEEAL A YR AT BRI DT I /K (1) e 7

R B VR

S k-

[ 1] Mitsch WJ, WuX. Wetland and global change [A]. Tn: Lal R,
John Kimble E; Levine B A Ceds). Advances in Soil Sciences Soil
Management and Greenhouse Effect [ C1. Boca Raton: CRC Lewis
Publishers, 1995. 205-230.

[ 2] Avnimelech Y, Ritvo G, Meijer L E, et al. Water content, organic

carbon and dry bulk density in flooded sediments [J]. Aquacult Eng,

2001, 25 (1): 25-33.

Amador J As Gérres ] H, Savin M C. Role of soil water content in

the carbon and nitrogen dynamics of lumbricus terrestrial burrow soil

LJ]. Appl Soil Ecol, 2005, 28: 15-22.

SRS, AL, B, S K S e M TR AT LR AL

fosgmaly]. ZEAS 2R, 2005, 25(2): 249-253.

Liang C> Das K C» McClendon R W. The influence of temperature

and moisture contents regimes on the aerobic microbial activity of a

biosolids-composting blend [ J]. Bioresource Technol, 2003, 86:

131-137.

L 61 Schnell S, King G M. Responses of methanotrophic activity in soils

and cultures to water stress [ J1. Appl Environ Microb, 1996, 62:

3203-3209.

[ 7] Stiegl R G. Diffusional limits to the consumption of atmospheric

methane by soils [J]. Chemosphere, 1993, 26: 715-720.

[ 8] Sasaki A, Hagimori Y, Nakatsubo T, er al. Tidal effects on the

organic carbon mineralization rate under aerobic conditions in

sediments of an intertidal estuary [ J1. Ecol Res, 2009, DOI

10.1007/511284-008-0545-6 .

[ 9] Niedermeier A, Robinson J S. Hydrological controls on soil redox

dynamics in a peat-based, restored wetland [ J1. Geoderma, 2007,

137: 318-326.

L10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

L18]

[19]

[20]

[21]

[22]

Moore T R» Basiliko N. Decomposition in boreal peat lands [ M.
Berlin: Springer> 2006. 126-143.

Delaune R D, Hambrick, Patrick W H. Degradation of hydrocarbon
in oxided and reduced sediments [R]. Baton Rouge: Louisiana State
University> 1980, OPLSU-R-80-016.

TR, TR, FRF . R RS =0T 5 R
CH, HEBCZE 1 BB g 32 [ ], W HURH, 2003, 1
(1: 63-67.

Lissner J, Mendelssohn I A, Anastasiou C J. A method for cultivating
plants under controlled redox intensities in hydroponics [J1. Aquat
Bot, 2003, 76: 93-108.

Singh S N. Exploring correlation between redox potential and other
edaphic factors infield and laboratory conditions in relation to methane
efflux [ J1. Environ Int, 2001, 27: 265-274.

Cao X Dy Chen Y, Wang X R, et al . Effects of redox potential and
pH value on the release of rare earth elements from soil [ J].
Chemosphere, 2001, 44: 655-661.

Wu J, O" Donnel A G. Procedure for the simultaneous analysis of
total and radioactive carbon in soil and plant materials [J]. Soil Biol
Biochem, 1997, 29(2): 199-202.

Jenkinson D S. Studies on the decomposition of plant material in soil .
V. The effects of plant cover and soil types on the loss of carbon from
14C labeled ryegrass decomposing under field conditions [J]. J Soil
Sci> 1977, 28: 424-434.

TR, TSR, PRI, 45 BRI PR 0 Al L AT HLBR 4 i
sl ], N AR, 2002, 13(6): 709-714.

JEE B, 25 ROT, SRLASE, 25 S K C AR RS FERT - 45 i
HAENBT w1t E AR RE, 2006, 39(3): 538-
543,

bR, Rk, BRI, L R M R K 4 e KRG L AT L
W R ], FEERY, 2009, 30C1): 214-220.

Alex T C, Kenneth K T, Suduan G, et al. Temperature, water
content and wet-dry cycle effects on DOC production and carbon
mineralization in agricultural peat soils[ J1. Soil Biol Biochem,
2006, 38: 477-488.

WA=, TR SCA , BT, A IR R R A LR AL
fsgmaly]. LA, 2005, 25(2): 243-248.





