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Fig. 1  Location of the study zone and distribution of soil sampling sites
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Table 1 Impact factors and grouping interval

ES R
Type of factors

P AISES

Impact factors

gr 4

Grouping interval

B R E SRR RS AR R A A ) I A ) AR

i) £ U8 TR P b H A TE PR RN KRS Black soil, Meadow
black soil, Superficial black soil, Dark-brown earth, Albic dark-brown earth, Meadow
dark-brown earth, Meadow soil, Alkalized meadow soil, Gleyed meadow soil, Peaty

bog soil, Meadow bog soil, Hydromorphic paddy soil

BEL WL B PHE MEEE A+ Light clay, Sand loam, Light loam, Me-

dium loam, Heavy loam

< 150,150 ~200.,200 ~250.,250 ~ 300, >300
<2°.2° ~6°.6° ~15° 15° ~25° >25°

AL A F JPE R P dE Northeast, Southeast, Southwest, Northwest

pH <5.05.0~6.56.5~7.57.5~8.5,>8.5

) b E A
2% Subgroup
R £ 3]
Soil type
JFiHh Texture
¥4k Elevation(m)
HE
Y )& Slope degree
Topography
B[] Slope aspect
s 1
4% Total nitrogen(g kg™ ")
Fertility

4> Total phosphorus(g kg™')

<1.0.1.0~1.5.1.5~2.0.2.0~4.0,>4.0

<0.50.5~1.0.1.0~1.5.1.5~2.02.0~2.5,>2.5
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Table 2 Basic characteristics of SOCD in 1980 and 2010
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2010 0~20 66. 6 21.6 15.1 151.8 0.32 0.82 0.84 700
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Fig. 2 Spatial distribution of SOCD in 1980 and 2010 and variation of SOCD in the past 30 years
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Table 4 Analysis of variance of the SOCD impact factors in 1980 and 2010

B0 R 222 Al Ee 1980 4 Year 1980 2010 4 Year 2010
Type of factors Impact factors F p F p
+ e ¥ 2% Subgroup 3.090 0. 007 9.555 0.001
Soil type it Texture 0.287 0.752 0.992 0. 406
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HuTE .
B ¥ Slope degree 0.790 0.461 3.008 0.027
Topography
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e
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Fertility
4% Total phosphorus 4. 448 0. 009 0.997 0.404

SRRFE L1980 4F £ )Z SOCD /Y 2 2% P 52 i Y
TR S pH | AW 2010 4R B R
Wi PR 0 6 3 BE L pHL, VAR R A S
& W RO B B RS W A T

3 4
0 7R 42 M X 0 48 RIS B Mo A 1T B 4 R

B, B0 U A HLRR S BB 22 AR T A SOCD K
TR AR m T8 e oF B ML 1980 4 & 2010

4,30 A [A] BF 91X 3 2 A5 T A9 SOCD 4R35 F J okt
ZKAMEIK —0.14 t hm 2a” ' fl -0.13 t hm 2a ™', 4
- A LA 2 B 2 R . R B A& 1T, SOCD 3%
M A - 1) f 2 M KT & AR AR 4k, 1980 4 3R )2 SOCD
B I PR e R O - R 2 gk pH L &, T
2010 4 S 2 M 52 i P - O 3 28 B L pHL
30 4 [H], F B A B R S S i — BoiE S 3K
& FE 5 SOCD T R R AR5 | + A BB T
23 () 48 S /N, SOCD 51 4k 56 & i 350 59 5 1%
BRI 2R IE T AR A, 5 SOCD X R AR

http : //pedologica. issas. ac. cn



4 14

EOFRAE MR b X R R K

W PR 7 i 5 1 AR AL R AE B 5T 851

FEANFE 3, AR 1l 3 B SOC 7R 25 1] 1 #4304,
AN BE 1) SOCD 9 A2 S Pk 3, 3942 J3& 1 2 8 114 A
FVERZ W N 1o B S XA [a] i 39 - 38 Ak 2 e
FLRZ W [R5 A S35 P 28 A s e, R b A LB 2 T
AR RPN 2 6 5 i DR LA L o ) % XA T A BIL B
VR R HA HER RS E L

2 % X

[ 1] Jungelaus ) H, Lorenz S J, Timmreck C, et al. Climate and car-
bon-cycle variability over the last millennium. Climate of the
Past, 2010, 6(5) : 723—737

[ 2] Ajani J I, Keith H, Blakers M, et al. Comprehensive carbon
stock and flow accounting: A national framework to support cli-
mate change mitigation policy. Ecological Economics, 2013, 89 ;
61—72

[ 3] Heimann M, Reichstein M. Terrestrial ecosystem carbon dynam-
ics and climate feedbacks. Nature, 2008, 451 ( 7176 ).
289—292

[4] Cao M, Woodward F I. Net primary and ecosystem production
and carbon stocks of terrestrial ecosystems and their responses to
climate change. Global Change Biology, 1998, 4(2) . 185—198

[ 5] Schlesinger W H. Carbon storage in the caliche of arid soils: A
case study from Arizona. Soil Science, 1982, 133 (4):
247—255

[6] LuoZ, Wang E, Sun O J, et al. Modeling long-term soil carbon
dynamics and sequestration potential in semi-arid agro-ecosys-
tems. Agricultural andForest Meteorology, 2011, 151 (12):
1529—1544

[ 7] Don A, Schumacher J, Freibauer A. Impact of tropical land-use
change on soil organic carbon stocks—A meta-analysis. Global
Change Biology, 2011, 17(4): 1658—1670

[ 8 ] Thilde B B, Elberling B, Neergaard A, et al. Organic carbon
dynamics in different soil types after conversion of forest to agri-
culture. Land Degradation & Development, 2013, DOI;
10. 1002/1dr. 2205

[9] Ussii DA N, Lal R. Long-term tillage effects on soil carbon
storage and carbon dioxide emissions in continuous corn cropping
system from an alfisol inOhio. Soil and Tillage Research, 2009,
104(1): 39—47

[10] Duxbury J M. The significance of agricultural sources of green-
house gases. Fertilizer Research, 1994, 38(2) . 151—163

(11] AEEEapAE. PEEE. Jbat. dER SR,
1998. National Soil Survey Office. Soils of China (In Chinese).
Beijing: China Agriculture Press, 1998

[12] R, XM, Gl . MBCE R A B R G2 L R
XA . Jbnt: W pAk, 1997 92—98. Wang J G,
Liu H X, Meng K. Management strategies on sustainable devel-
opment of agriculture economy system in Songnen Plain (In Chi-
nese). Beijing: Mapping Press, 1997: 92—98

[13] YuY, Guo Z, Wu H, et al. Spatial changes in soil organic car-

bon density and storage of cultivated soils in China from 1980 to

[14]

[15]

[16]

[17]

[18]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

2000. Global Biogeochemical Cycles,2009, 23 (2). GB2021,
doi: 10.1029/2008 GB003428

Liu D, Wang Z, Zhang B, et al. Spatial distribution of soil or-
ganic carbon and analysis of related factors in croplands of the
black soil region, Northeast China. Agriculture, Ecosystems &
Environment, 2006, 113(1) . 73—381

Wang D D, Shi X Z, Wang H J, et al. Scale effect of climate
and soil texture on soil organic carbon in the uplands of Northeast
China. Pedosphere, 2010, 20(4) : 525—535

Zhang S, Zhang X, Huffman T, et al. Influence of topography
and land management on soil nutrients variability in Northeast
China. Nutrient Cycling in Agroecosystems, 2011, 89 (3):
427—438

Wang Z M, Zhang B, Song K S, et al. Spatial variability of soil
organic carbon under maize monoculture in the Song-Nen Plain,
Northeast China. Pedosphere, 2010, 20(1) : 80—89

SR ESEE S B S 2 e 8 R A /O o O R o
FHE AR ML, 1978, Institute of Soil Science, Chinese Acade-
my of Sciences. Soil physical and chemical analysis (In Chi-
nese). Shanghai: Shanghai Science and Technology Press, 1978
TIRTL, B2EiE, PhdEfk, 45 . 25T 10100 J7 L8 2 g
R b A ML KA TS . B A2 2 R 4R, 2005, 16
(12):2279—2283. Yu D S, Shi X Z, Sun W X, et al. Estima-
tion of China soil organic carbon and density based on 1: 1 000 000
soil database(In Chinese). Chinese Journal of Applied Ecology,
2005, 16(12) ; 2279—2283

BTt le, FARTE, KB, 5. TR IEDTF b 2 U
Ot FUMAS 0 AR LR % . BT 5, 2012, 31(6) :980—
986. Ni Y L, YuD S, Zhang L M, et al. Study on the transfor-
mation from vector to raster for soil data with identical data preci-
sion in the estimation of soil organic carbon stocks (In Chinese).
Geographical Research, 2012, 31(6) : 980—986

DlugoB V, Fiener P, Schneider K. Layer-specific analysis and
spatial prediction of soil organic carbon using terrain attributes
and erosion modeling. Soil Science Society of America Journal,
2010, 74(3) : 922—935

Chaplot V, Bouahom B, Valentin C. Soil organic carbon stocks
in Laos: Spatial variations and controlling factors. Global Change
Biology, 2010, 16(4) : 1380—1393

Zhang K, Dang H, Tan S, et al. Change in soil organic carbon
following the * Grain-for-Green’ programme in China. Land Deg-
radation & Development, 2010, 21(1): 13—23

INGERR, SR, FARTE, &L FRE AR AL X 4 AT PLk %
BEFE A AT . L HE2 i, 2004, 41(2) : 298—300.
Sun W X, Shi X Z, Yu D S, et al. Estimation of soil organic
carbon density and storage of Northeast China( In Chinese). Acta
Pedologica Sinica, 2004, 41(2) : 298—300

Minasny B, Sulaeman Y, Mcbratney A B. Is soil carbon disap-
pearing? The dynamics of soil organic carbon in Java. Global
Change Biology, 2011, 17(5) : 1917—1924

Su Z A, Zhang J H, Nie X J. Effect of soil erosion on soil prop-
erties and crop yields on slopes in the Sichuan Basin, China.

Pedosphere, 2010, 20(6) : 736—746

http : //pedologica. issas. ac. cn



852 + 1% 2 il 51 4%

[27] JEED, #E A, WM, 5. 203 R SR Z 5 DLk [32] wWHEFPERERES ORI . PR b R

AR S R H R . AR R, 2010,47 (4) . #t, 1978, 382—383. Institute of Soil Science, Chinese Acade-
753—759. Tang G Y, Huang D Y, Huang M, et al. Spatial var- my of Sciences. Soils of China (In Chinese). Beijing: Science
iations of organic carbon in surface soils in a hilly landscape of Press, 1978:382—383
the red-earth region and their affecting factors (In Chinese). Ac- [33] Dalal R C. Soil organic phosphorus. Advances in Agronomy,
ta Pedologica Sinica, 2010, 47(4) : 753—759 1977, 29 83—117
[28] LiF, ZhangJ, Su Z, et al. Simulation and"®’ Cs tracer show till- [34] ®W/DAE, FIK, K%, % . KILB+ +EBER S 05 .
age erosion translocating soil organic carbon, phosphorus, and Al TR~ 4, 2005, 21(4): 34—37. Zhao S H, Yu W T,
potassium. Journal of Plant Nutrition and Soil Science, 2013, Zhang L, et al. Latitudinal differentiation of phosphorus in black
176(5) : 647—654 soil in Northeast of China ( In Chinese ) . Transactions of the
[29] Weil, Xiao D, Zhang X, et al. Topography and land use effects CSAE, 2005, 21(4): 34—37
on the spatial variation of soil organic carbon: A case study in a [35] 255, JERKWN, sk L4, & . HRAEE KW ARMH HEBE DA
typical small watershed of the black soil region inNortheast Chi- RRfE . W AR AS SRRk, 2008, 19(9) : 1931—1936. Jiang Y,
na. Eurasian Soil Science, 2008, 41 (1) : 39—47 Zhuang Q L, Zhang Y G, et al. Distribution characteristics of
[30] sm%, #i, R, % . pEAELEAIUR SRS %R soil phosphorus in maize belt farmlands of Northeast China ( In
BRBEME R . L HE2EIR, 2009, 46(5) : 851—859. Dai W H, Chinese). Chinese Journal of Applied Ecology, 2008, 19(9) :
Huang Y, Wu L, et al. Relationships between soil organic matter 1931—1936
content (SOM) and pH in topsoil of zonal soils in China(In Chi- [36] JHEFE, k=M. KM B+ ERE, AL R
nese). Acta Pedologica Sinica, 2009, 46(5) : 851—859 BRI . Y E 3R 5 ACR 2, 2005, 11(2):
[31] Heinze S, Raupp J, Joergensen R G. Effects of fertilizer and spa- 143—147. Zhou B K, Zhang X L. Effect of long-term phosphor-
tial heterogeneity in soil pH on microbial biomass indices in a us fertilization on the phosphorus accumulation and distribution in
long-term field trial of organic agriculture. Plant andSoil, 2010, black soil and its availability (In Chinese). Plant Nutrition and
328(1/2): 203—215 Fertilizer Science, 2005, 11(2) : 143—147

SOIL CARBON STOCKS AND CHANGES IN SIGNIFICANCE OF ITS IMPACT
FACTORS IN TYPICAL BLACK SOIL REGION OF NORTHEAST CHINA

Wang Chong'®  Yu Dongsheng' *'" Zhang Haidong''> Zhao Yongcun''> Shi Xuezheng''> Wang Ning'
(1State Key Laboratory of Soil and Sustainable Agriculture, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract It is important for the study on soil carbon sequestration to figure out soil carbon pools and their significant
influencing factors in different periods. Based on the data of the second National Soil Survey of Bei’ an and Kedong area in
the early 1980’ s, the data of the soil testing for fertilizer recommendation in 2010, and the data of the analysis of actual
supplementary soil samples, soil organic carbon pool and spatio-temporal variation of its density was studied using the soil
type-GIS correlation method, meanwhile, impact factors of the spatial variation of soil organic carbon density and variation
of their significances in the different periods. Results show that the soil organic carbon density and its decreasing rate in
the farmlands in valleys and low-lying plains is higher than that in rolling hill high plains in the study region and the car-
bon pool in the surface soil layer and the profile decreased at an annual average rate of —0.14 t hm > a ' and -0.13 t
hm * a™', respectively. The soil carbon stock showed an apparent declining trend. In 1980, soil type (subtype) , eleva-
tion, pH, and total phosphorus were found to be the main impact factor of the soil organic carbon density in the surface
soil layer of the farmlands, while in 2010, soil type (subtype) and soil pH remained, but slope degree replaced elevation
and total P as major impact factors.

Key words  Typical black soil area; Soil organic carbon pool; Soil organic carbon density; Significance of

impact factors
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