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Effects of water on mineralization of organic carbon in sediment from wetlands
ZHANG Weanul’ 2 . TONG ChengfLiZ . YANG Gai-Ren® , WU Jil’l*ShUil’Z (1. College of Resource and Environment ,

Huazhong Agriculture University, Wuhan 430070, China; 2. The Key Laboratory of Subtropical Agro-ecology. Institute of Subtropical
Agriculture, CAS s Changsha 410125, China). Acta Ecologica Sinica,2005,25(2) :249~253.

Abstract: Wetland ecosystems are under water-rich hydrographical environment and generally accumulate in an abundant
amount of organic carbon (C) in their sediment layers. For better understanding the mechanisms in the accumulation of organic
C in wetlands, the interactions between water condition and the mineralization of organic C were studied using the sediments of
marshy meadow and fen from North China. The sediments were adjusted into 5 gradient of water contents: 24 % ~146 % WHC
for the marshy meadow, and 16% ~ 104 % WHC for the fen (giving both with comparable moisture conditions from lightly-
moisturized to waterlogged) and incubated at 25 C for 130 d.

Results showed that the mineralization rate of organic C in the sediment from the marshy meadow at the 5 gradients of
water contents decreased significantly during the early phase (11 ~ 30 d), then maintained at steady but lower levels
throughout the 130 d incubation period. The accumulative amount of CO,-C evolved from the sediment during the 130 d
incubation increased significantly as water content increased from 24% WHC (lightly-moisturized) to 66% WHC, then
decreased slightly as water content increased further to a level over 100 % WHC (waterlogged). These results suggest that the
mineralization of organic C in the sediment of the marshy meadow was not affected by high water condition. However,
interactions between water condition and the mineralization of organic C in the sediment of the fen were more complicated.
When incubated under a water content of 16% and 104 % WHC, the mineralization rates of organic C in this sediment were
generally stable throughout the 130 d incubation period. With 30% and 50% WHC, the mineralization rate increased
significantly during the phase between 30 d and 90 d. The accumulative amount of CO,-C evolved from the sediment of the fen

during the 130 d incubation period increased by approximately 4 folds as water content increased from 16 % WHC to 30% WHC.
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However, the accumulative amount of CO,-C evolved decreased in a large extent as water content inc

accumulative amount of CO,-C evolved over the 130 d at 104 % WHC accounted for only 22% of that CO,-C evolved at 30%

reased further. The

WHC. These data propose that the mineralization of organic C in the sediment of the fen (maintained under waterlogged

environment) is strongly limited by high water condition. This is suggested to be a fundamental mechanism in the large

accumulation of organic C in the sediment of the fen. Data presented also propose that the disappear
environment in peat fen might largely enhance the mineralization of organic C.

Key words: wetland ; organic C; mineralization; water content

ance of waterlogged

:1000-0933(2005)02-0249-05 :Q178.5173,S153. 6,S154. 1 (A
s s
o ( ) s s ( ),
[1, 2] . ETon [3.4] ;
Lo 61 s , Clymo!™
o , 8096 ~90%
. 10%~20%,
0. 1% [8] . [9] R s s N
s H s s s s
., CO,-C s °
1
1.1
(0~40 cm) .
s . 20 s 1,
1
Table 1 Properties of the incubation samples
. . . . C/N . .
Samples Hydrglgglc T()‘tal organic nght' fré‘lctlon Ct N ratio Water holding capacity
condition C (g/kg) organic C (%) (g/kg)
Sediment in marshy meadow Seasonal waterlogged 52 k4 24 ot
Sediment in fen Perennial Waterlogged 353 " 3 6403
* The unit of water holding capacity were calculated as oven-dried matter basis
1.2
(2.5 1) o 2 s .2
s . s 2 o s
s o 2 s
s 1min,
C D, 2496 .43%.66%.95% 146 % WHC( )
5 ; 16%.30%.50%.63% 104%WHC 5 ; ; 4
o ( N 100 g, 25 g) s
50 ml Imol/I. NaOH( ) CO,-C,
° 25C . N 130d., , 3d 1 , 30d 10d 1 ., 100d  20d
1 .
1.3
. (Vario MAX CN, ) . 1.7  Nal (1ol CO,-
C TOC (Phoenix 8000, ) (i, CO,-C 20~200pg C/ ml,



2 251
b2l Co,-C .
2
2.1
(0~30d) s (0~10d) C D,
b . 11~30d.5
,30d . b1l
24 % WHC ,0~130d CO,-C 15.8+1.1 g/kg C, 5
C 2, s . 43%WHC  66%WHC ,
CO,-C 82.6% 121%. 95%WHC 146 % WHC( ) CO,-C
66 % WHC C 2, s
s . ( )CO,-C
Flﬂo
B
10 —o— 24% Z 50
- —A- 43% ~3 0~130d
€§ 0.8 -0 66% %y a0 |
5_5 - 95% §8"
2% ool ot 146% (WHC) s 0l
VL‘) & -
W & =8
2o RE2w|
t i
3
wg 1o
g‘i g3
0 i 1 1 1 I 1 E D -
0 20 40 60 80 100 120 g 24 43 66 95 146
B #ERY ] Incubation time (d) 47K & Water content { %)
1 2 CO,-C
Fig. 1 Effects of water on organic C mineralization rate of marshy Fig. 2 Effects of water on the accumulative amount of CO,-C
meadow evolved from marshy meadow
C D, s ( )
1o, s “ % s ( <1.7)
,C/N C D, s s
2.2
) C 3, 0~30d,
L16%WHC 104 % WHC( ) 30% WHC,50% WHC 63 % WHC
0, “ ” 16 WHC,63%WHC  104%WHC
30%WHC  50%WHC 30d ,
30% WHC ( 100 d) ;50 % WHC C  60d), 90 d
16 % WHC.63%WHC 104 % WHC 3 . CO,-C
[18] ,
5 . 30% WHC 130d  CO,-C (94.18-+0.6 g/kg C),
16 % WHC 4 « D, 50 % WHC 63%WHC .,130d CO,-C
33.1% 60.9%, 104%WHC 130d  CO,-C 30% WHC 22%.

s (30% WHC )



252 25

,130d CO,-C (504 WHC~104 % WHC) o

T
15 o 16% —O- 50% 2100
—A 30% -8 63% ~5 =
2 12k e 104% (WHC) %‘i sl
o : e
%“' s g0
“3 09 |- ig
' 2
gg 0.6 |- ﬁ g 40
o 2
) ? .
Q gﬁ 20| .
6‘5 03 2
o g .
0 . X . : : ; < 16 30 50 63 104
0 20 40 60 B0 100 120 4 K2 Water content (%)
#5375 8] Incubation time {d)
4 CO,-C

3
Fig. 3 Effects of water on organic C mineralization rate of fen Fig. 4 Effects of water on the accumulative amount of CO5-C

evolved from fen

. . ( ) .
15%WHCD, .
(66 % WHC ) ; . (30% WHC )
L1(\7 ,
. 4
[20]
( , 66 % WHC) . ,
9 ’ C()z o
3
(66 % WHC ) . . . .
(30% WHC ), ,
, , CO, .

References :

[ 1] Stevenson F J. Cycles of soil carbon, nitrogen, phosphorus, sulfur, micronutrients. John wiley &. Sons, 1986. 1~44.

[2] XuXC, Zhang ] H, Tong G L. Study on decomposition of organic matter in different soils. Chinese Journal of Soil Science, 1999, 1985,

@® Wu, J.,The turnover of Organic C in soil. Ph. D thesis, University of Reading, U. K., 1991



[4]

[5]

(7]
[8]

[10]

[11]

[12]

[13]

[14]

[15]
[16]

[17]

[18]

[19]

[20]

[2]
[4]
[5]
[6]
[9]
[12]
[14]
[15]
[16]
[18]
[20]

16(1): 21~26.

Neue H U. A holistic view of the chemistry of flooded soils in soil management for sustainable rice production in the tropic. IBSRAM
Monograph 1988, (2):5~32.

Huang D M, Zhu P L., Wang Z M, et al. A study and question on the decomposition rate of organic carbon under upland and submerged
soil conditions. Acta Pedologica Sinica, 1998, 35(4): 482~492.

Lin X X, Wen Q X. Effects of straw utility on soil fertility. In: Prospect and Actuality of Soil Science in China. Nanjing: Jiangsu
Scientific &. Technological Press, 1991. 122~131.

Che Y P, Lin X X. Decomposition and accumulation of organic matter in Chao soil. Acta Agriculturae Nucleatae Sinicas 1995, 9(2): 95
~101.

Clymo R S. Models of peat growth. Swo. ,1992, 43. 127~136.

Frolking S. N T Roult, T R Moore. et al. Modeling Northern Peatland decomposition and Peat accumulation. Ecosystems, 2001, (4):
479~498.

Bai G R, Wang S Z, Leng X T, et al. Bio-environmental mechanism of herbaceous peat forming. Acta Geographica Sinina, 1999, 54
(3): 247~254.

Janzen H H, Campbell C A, Brandt S A. Light-fraction organic matter in soils from long-term crop rotations. Soil Science Society of
America Journal s 1992, 56: 1799~1806.

Wu J. O’Donnell A G. Procedure for the simultaneous analysis of total and radioactive carbon in soil and plant materials. Soil Biology &.
Biochemistry, 1997, 29(2): 199~202.

Institute of Soil Science, Chinese Academy of Science. Physical and Chemical Analysis Methods of Soils. Shanghai: Shanghai Science and
Technology Press, 1978.

Sparling G P, Speir T W, Whale K N. Changes in microbial biomass C, ATP content, soil phospho-monoesterase and phospho-
diesterase activity following air-drying of soils. Soil Biology &. Biochemistry, 1985, 18: 363~370.

Huang Y, Liu S L, Shen Q R, et a/. Influence of environmental factors on the decomposition of organic carbon in agricultural soils.
Chinese Journal of Applied Ecology, 2002, 13(6): 709~714.

Cai Z C, Mosier A R. Inference of soil moisture on the CH, oxidation and emission of N;O and CO,. Soil Journal, 1999,(6): 289~298.
Wu J S. Soil organic matter and its kinetics of turnover. In: He Dian-yuan, ed. Soil fertility in South China and fertilization of plant
cultivation. Beijing: Science Press, 1994. 28~62.

Vestergaard P, Rénn R, Christensen S. Reduced particle size of plant material does not stimulate decomposition, but affects the
microbivorous microfauna. Soil Biology &. Biochemistry, 2001, 33. 1805~1810.

Cai Z C. Effects of water regime on CO;, CH; and N,O emissions and overall potential for greenhouse effect caused by emitted gases.
Acta Pedologica Sinica, 1999, 36(4): 484~490.

Christensen B E, Characklic W G. Physical and chemical properties of biofilms. In; Characklis W G, Marshal K C, eds. Biofilms. New
York: John Wiley &. Sons Inc. , 1990. 93~130.

Zhang W J, Wu J S, Xiao H A, ez al. Profile Distribution Characteristic and Accumulation of Organic Carbon in Typical Wetlands in
Sanjiang Plain. Advances in Earth Science, 2004, 19(4): 558~563.

, , PR . » 1985, 16(1): 21~26.
, , PR . » 1998, 35(4): 482~492.
, . . : . : , 1991, 122~131.
, . . » 1995, 9(2): 95~101.
, , PR . » 1999, 54(3): 247~254.
, 1978.
, s .. . » 2002, 13(6): 709~714.
» Mosier A R. CH, N,O  CO; . , 1999,(6): 289~298.
s . : . . : » 1994, 28~62.

» 1999, 36(4): 484~490.
s s PR . » 2004, 19(4): 558~563.



