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Modeling the Effect of Marshland Conversion to Cropland on Soil Organic Carbon
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my of Sciences, Beijing 100049, China )

Abstract: The conversion of wetland to cropland is believed to induce soil organic carbon (SOC )loss. To simulate the changes in SOC due to
marshland conversion, an existing model (Soil-C )was modified in this paper. Soil-C was originally developed to simulate SOC dynamics in
cropland, in which SOC was simply viewed as a mono—component. Modification to the original model was made by splitting SOC pool into two
components of light fraction(LF )and heavy fraction(HF ). Decomposition of LF and HF pool was simulated by a first—order kinetics equation,
and the first—order decay rate was positively correlated to SOC density. The modified and the original model were validated against indepen—
dent data sets with temporal and spatial difference. Model validation indicated that the modified model is capable of simulating the changes in
LF and HF pool and can well capture the changes in SOC when the marshland was converted into cropland. A further simulation suggested
that significant SOC loss occurred in the early several years after marshland conversion was greatly attributed to a rapid decomposition of LF
pool with higher first—order decay rates, while the original model could not capture the signal due to a lower first-order decay rate.
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Figure 1 Conceptual model of soil organic carbon turnover
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Figure 2 Comparison of simulated with observed changes in

different components of soil organic carbon
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Figure 3 Comparison of simulated with observed changes in soil

organic carbon due to wetland conversion
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soil organic carbon

3.3 IR SMMER L

Xt 5 AL (F 1) A DR 2 F A5 A0
DUELCE 2 ] 3) B ESS SRR, Wi 2 (e 24T — 3
PE PRI 250 (R?) K 0.845([&] 5 rhaizgk ), 50
{HAHLE , 29 85% MR HMETE TE 95% 17 X [H] , 34 J5 il
22 (RMSE )} 90%, 1% 1~ RMSE 3= B fe 5 1 7 It
VBV IR SE FE (& 3e, [/ 5 U * FRid) . B
% SRS J DL R LI A 2R AR S 2R B0
9 0.948 (&l 5 LR ), AT iR ZE /N 24%

. 1=0.90x+0.32
-7 (R?=0.948,n=40, P<0.001)
 y=0.71x+0.85

151 (R?=0.845 ,n=46,P<0.001 ) ‘,/’

b B R d

5 X Rt

%, . X
£ w

e

& of X

o 4 s 12 16 20
WM /kgC e m™
B 5 TEENBRTEDEFRNERN LR

Figure 5 Comparison of simulated with observed soil organic carbon



55 27 5 4 3] A A T I 1647
FHF 0 AR 2R Fr UL I K5k (11 3) R 2 Tl A (1):88-92.

[B] (733045, BITE 45 X R AR R T BRAERR 1)+
HERE S AT 00T, LU AR TR T B S 3 HLAR 1Y
Al T RS ) S, S AR R T ik aR
THIEAE T BRI AR A Rl —H4h B | XX A58y
FIA SPERL IR K TARKIIANI E M. o T iE—20 4
USSR AT AU, e E— 2D A 22 2 0 T A 1) 00
4 Zig

PIBLA Soil-C A7 3Eht, ehoit T+ 366 MLk
Oy BRI R AR R RE R A MR UL M 2
2 A U 9728 Ak Bh 285 DA SR b B R X 62 (0~20 em)
A HUBR A2, (EASER B AT R 5 22 LI 4L
] S i el 7 . A |

S

[1] TPCC. Climate Change 2001:The Scientific Basis. Contribution of
Working Group I to third Assessment Report of the Intergovernmental
Panel on Climate Change|[R]. USA : Cambridge University Press,2001. 881.

[2] Post W M, Emanuel W R, Zinke P ], et al. Soil carbon pools and world
life zones[J]. Nature, 1982, 298(5870) : 156-159.

[3] John B, Yamashita T, Ludwig B, et al. Storage of organic carbon in ag—
gregate and density fractions of silty soils under different types of land
use[J]. Geoderma, 2005, 128(1/2):63-79.

[4] Guo L B, Gifford R M. Soil carbon stocks and land use change:a meta
analysis[J]. Global Change Biology, 2002, 8(4) :345-360.

[5] Houghton R A, Hobbie J E, Melillo J M, et al. Changes in the carbon
content of terrestrial biota and soils between 1860 and 1980: A net re—
lease of CO, to the atmosphere[J]. Ecological Monographs, 1983, 53(3):
235-262.

[6] X%k, Hhaa k. =T Ja A ARFRE R AL S A AR A M. Jbst Bl
HipEL, 2002.

LIU Xing—tu, MA Xue—hui. Natural Environmental Changes and Eco—
logical Protection in the Sanjiang Plain[M]. Beijing: Science Press, 2002.

[7] Armentano T 'V, Menges E S. Patterns of change in the carbon balance of
organic soil-wetlands of the temperate zone[J]. Journal of Ecology, 1986,
74(3):755-774.

[8] RAHR, ERH, Al (1 2%, 55 TH T RS Rk e b S
ik R BhASI]. FERE, 2004, 25(3):150-154.

SONG Chang-chun, WANG Yi-yong, YAN Bai—xing , et al. The changes
of the soil hydrothermal condition and the dynamics of C, N after the
mire tillage[J]. Environmental Science, 2004, 25(3):150-154.

(91 R, FRT, )1 20%, 45, IRt B A A Sl B2 1 e G
X - HERRBL B BER[T]. WA 252241, 2005, 16(1):88-92.

SONG Chang—chun, WANG Yi-yong, YAN Bai—xing, et al. Variation of
soil temperature before and after cultivation of marsh and its effect on

soil thermal regime [J]. Chinese Journal of Applied Ecology, 2005, 16

[10] FH AR HBRA)R R GE L HEAM]. JERT HUFTH At 2000.

PAN Gen—xing. Soil Science of Earth Surface System[M]. Beijing: Geo—
logical Publishing House, 2000.

(L] X5, sk e, BROEVTAR =V I T SR Al ()], 51
AR (A SRR, 2005, 45(6) : 788-791.

LIU Zi-gang, ZHANG Kun -min. Wetland soils carbon stock in the
Sanjiang Plain [J]. Journal of Tsinghua University (Science and Tech—
nology ), 2005, 45(6) : 788-791.

[12] Jenkinson D S, Rayner J H. The turnover of soil organic matter in some
of the classical Rothamsted experiments [J]. Soil science, 1977, 123
(5):298-305.

[13] Parton W J, Scurlock J M O, Ojima D S, et al. Observations and model—
ing of biomass and soil organic matter dynamics for the grassland biome
worldwide[J]. Global Biogeochemical Cycles, 1993,7(4).785-810.

[14] Changsheng Li, Frolking S, Crocker G J, et al. Simulating trends in soil
organic carbon in long—term experiments using the DNDC model [J].
Geoderma, 1997, 81(1):45-60.

[15] 8, XUHZE, PR, 5. R T e A L0k S A DU 2l i1t 2
SEI) R ELERRE, 2001, 34(5) 1 532-536.

HUANG Yao, LIU Shi-liang, SHEN Qi-rong, et al. Model establish—
ment for simulating soil organic carbon dynamics [J]. Scientia Agri—
cultura Sinica, 2001, 34(5):532-536.

[16] Trcas, ¥ M, 5K A AEZR M DX I 398 BL 2 S B UL F
FE—— R IR S R UL T [J] Hh I S BRHE, 2006,
22(6):83-88.

YU Yong—qiang, HUANG Yao, ZHANG Wen. Modeling farmland soil

organic carbon dynamics in eastern China:; Model validation and sensi—
tivity analysis [J]. Geography and Geo—Information Science, 2006, 22
(6):83-88.

(713, JA) I, 4K, 5. o [E bR S R Ge sk s R R, b
B AL, 2008.

HUANG Yao, ZHOU Guang-sheng, WU Jin—shui, et al. Modeling Car—
bon Budgets of Terrestrial Ecosystems of China[M]. Beijing: Science
Press, 2008.

(18] Tukud, ¥ H, 5k 12, 5. AARHDCKR I LA LRI =5 4% S5 3l
SHHUBTIET]. HE S HREE BB, 2007, 23(1):97-100.

YU Yong—qiang, HUANG Yao, ZHANG Wen, et al. Modeling farmland
soil organic carbon dynamics in eastern China: Spatio—temporal pattern
[J]. Geography and Geo-Information Science, 2007, 23(1):97-100.

[19] ZHANG Wen, YU Yonggiang, SUN Wenjuan, et al. Simulation of soil
organic carbon dynamics in Chinese rice paddies from 1980 to 2000[]].
Pedosphere, 2007, 17(1):1-10.

[20] Tan Z, Lal R, Owens L, et al. Distribution of light and heavy fractions of
soil organic carbon as related to land use and tillage practice[J]. Soil
and Tillage Research, 2007, 92(1-2):53-59.

[21] Rémkens P, van der Plicht J, Hassink J. Soil organic matter dynamics
after the conversion of arable land to pasture[]]. Biology and Fertility of
Soils, 1999, 28(3) :277-284.

[22] Andren O, Katterer T. ICBM : the introductory carbon balance model for
exploration of soil carbon balances|J]. Ecological Applications, 1997, 7



1648 IHOAEAE . 0 R AT - B MR R A AL 5

2008 47 H

(4):1226-1236.

[23] Yang H S, B H Janssen. Relationship between substrate initial reactivi—
ty and residues ageing speed in carbon mineralization [J]. Plant and
Soil, 2002, 239(2):215-224.

[24] Bellamy P H, Loveland P J, Bradley R I, et al. Carbon losses from all
soils across England and Wales 1978-2003[J]. Nazure, 2005, 437(7056 ) :
245-248.

[25] sk e, RKFR, B30 =P IE0H R T B 2 R A PLk4]
JrIYEZm[)]. g2, 2005, 42(5) . 857-859.

ZHANG Jin-bo, SONG Chang—chun, YANG Wen-yan. Effect of culti—
vation on organic carbon composition in a histosol in the Sanjiang
Plain, China[J]. A cta Pedologica Sinica, 2005, 42(5) . 857-859.

[26] 7K 3CAE. SERE A A5 R G E TR S AR FAUD]. BRI bk
b K2E, 2006. 36-47.

ZHANG Wen—ju. Organic Carbon Accumulation and Carbon Cycling
Simulating in Typical Wetland Ecosystems [D]. Wuhan: Huazhong A-
griculture Unversity, 2006. 36-47.

[27] Huang Y, Zhang W, Sun W ], et al. Net primary production of Chinese
croplands from 1950 to 1999[J]. Ecological Applications, 2007, 17(3):
692-701.

[28] Tz B, ZRAR R, B k. RIAL 26 01 R i LA Rl 2 20 A LB
SHASHTSELI]. B A1, 2005, 16(5) :875-878.

YIN Yun—feng, CAI Zu—cong, QIN Sheng—wu. Dynamics of fluvo -
aquic soil organic matter fractions under long—term fertilization|[J]. Chi—
nese Journal of Applied Ecology, 2005, 16(5):875-878.

[201 ZE A A, FRRSE, R, 45, JF B JE R 38 HLARSE M 11
BIERGEL]. HuHRRL7 ik, 2005, 24(6) :59-65.

LI Yue—mei, WANG Yue-si, CAO Guang-min, et al. Preliminary re—
search of effect of cultivation on soil organic carbon in alpine meadow
[J]. Progress in Geography, 2005, 24(6) : 59-65.

[30] ¥4 A1, 22T 5, X5~ WI1, 45 PR AR RO = VP st T 398 il 1

PR, A RN (] T EARERE, 2006, 39 (6): 1186
1195.
ZENG Xi-bai, HUANG Xue—xia, LIU Zi-gang, et al. Effects of the pe—
riod of wetland reclamation on the character of soil profiles, C and N
contents in Sanjiang Plain [J]. Scientia Agricultura Sinica, 2006, 39
(6)~ 1186-1195.

[BIZIREE, RAHR, XS A5, = VLV JEHR 7T it dalatid b A /) H B AT R
HEJJ FOZRARIT]. AR K224, 2003, 25(5 ) : 544-547.

LUAN Zhao—-qing, SONG Chang—chun, DENG Wei. Study on soil fer—

tility variation during wetland reclamation and utilization in the Naoli
River Watershed of the Sanjiang Plain [J]. Journal of Jilin A gricultural
University, 2003, 25(5) . 544-547.

[32] g UL, PooRAE, A, 4. m JE ) 1A HLAR A S HT 1y
AiRFEL]. Hb PR, 2006, 61(7):720-728.

TAO Zhen, SHEN Cheng—de, GAO Quan-zhou, et al. Soil organic car—
bon storage and vertical distribution of alpine meadow on the Tibetan
Plateau[J]. Acta Geographica Sinica, 2006, 61(7):720-728.

[33] 5k 57 0T VLV e A MERTS 2R M B b
THPENETE. Juat: Bl il i, 1998, 133-144.

ZHANG Yang —zhen. The genesis, nature and classification of the
marshy soil in the Sanjiang Plain[M] // Huang Xichou. Marshy Research
in China. Beijing:Science Press, 1998. 135-144.

34) Xy, ElE, F O, S N R RS SR R HLSTIY B
AT, AP ISR 244, 2003, 22(6) : 647-650.
LIU Ru-hai, WANG Qi—chao, WANG Yan, et al. Changes of Hg and
organic matter contents after reclamation of Calamagrostis Angustifolia
Wetland[J]. Journal of Agro—Environment Science, 2003, 22(6):647—
650.

[35] Collins H P, Collins H P, Elliott E T, et al. Soil carbon pools and fluxes
in long—term corn belt agroecosystems [J]. Soil Biology and Biochem—
istry, 2000, 32(2):157-168.

[36] Euliss Jr N H, Gleason R A, Olness A, et al. North American prairie
wetlands are important nonforested land-based carbon storage sites|J].
Science of the Total Environment, 2005, 361(1-3):179-188.

371%F UK, ERE}, WG Z, 45 o E R DL XA AR S R G i e

IR AT e S AR AR 3968 41z, 2004, 35(4):401-407.
HAN Bing, WANG Xiao—ke, OUYANG Zhi —yun, et al. Distribution
and change of agro—ecosystem carbon pool in the Northeast of China[]].
Chinese Journal of Soil Science, 2004, 35(4) :401-407.

[38] A7, W, SR De T AU A LR Aif 1 S X RS COL 1Y

(1] AR L2, 2003, 7(3) :9-12.
FANG Hua-jun, YANG Xue-ming, ZHANG Xiao—-ping. Organic soil
stock of black soil in Northeast of China and it’s contribution to atmo—

spheric COJJ]. Journal of Soil and W ater Conservation, 2003,7(3):9-12.

Bt - ST RARRIWTSE 51 TR SR 1 R B A X AR
AT o



