25 2 Vol. 25,No. 2
2005 2 ACTA ECOLOGICA SINICA Feb. ,2005

]7 2 . YIN C:l’la.l’l(g

(1. s 7300705 2. , 7300705 3. )
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Abstract: Soil organic carbon (SOC) and its different pools are keys to optimizing crop production., minimizing negative
environmental impacts, and thus improving soil quality. Investigation of SOC storage and loss are global foci research subject.
The research on soil organic carbon sequestration potential in croplands, is an important way to realize a relationship between
agricultural processes and ecological processes. Progresse and problems have been reviewed out in this paper.

Cultivation and cropping has led to a substantial loss of SOC from cropland in the world. Land degradation at least partly
due to OC loss, and contribution to greenhouse gas emissions from the loss in OC from cropland soil is increasing. Since SOC
is heterogeneous in nature, the significance and functions of its various components are ambiguous. It is essential that the
relationship between levels of total SOC or the identifiable components and the most affected soil properties be established and
then quantified before the amounts of SOC and/or its components can be used as a performance indicator. Furthermore, the
environmental role of organic carbon in the soil requires further investigation.

Long-term SOC loss often takes place in the topsoil of cropland. Loss of labile components of SOC has been even higher.
Management practices that lead to improvement in plant biomass production would likely lead to increased C inputs and hence
to increased OC in soil. Compare with intensive agriculture, the adoption of ley-cereal rotation, conservation tillage, and
manure applications may reduce soil degradation and sequester carbon.

Key words :organic carbon; sequestration potential; cropland

:1000-0933(2005)02-0351-07 :S153.6721,S154. 1 (A
. CO.,
4% . o b
ACIAR (LW2/1999/094)
:2003-12-265 :2004-07-14
1971~), . . . E-mail: zhangguosheng@gsau. edu. cn
* Author for correspondence. E-mail: huanggb@gsau. edu. cn

Foundation item: Improving the Productivity and Sustainability of Rainfed Farming Systems for the Western Loess Plateau of Gansu Province
(No. LW2/1999/094)
Received date:200312-26-;Accepted date:2004-07-14

Biography : ZHANG Guo-Sheng,Ph. D. ,mainly engaged in soil Science.



352

25
, CO, o, . ;
[2] B
CO, . o
N N N A b sz o
’ o ’
’ s [2,4] R
o b ’
1
. . (25
, s , Dalal  Chan'*! 3 ,
(active C pool) N o (particulate
organic matter) , >20pm  >53pm 6.7, (<1. 6mg/m?
<2. Omg/m*) . Parton ¥ 2~3 . Dalal  Chan'?
10 R
R s KMnO, 0ol
(slow C pool) s (2~20pm) 1,
tel, (passive C pool) (charcoal C)
, 10,117 ,
2
2.1
[6.12]
o ’ .
Imm 0~10cm 2
t3, ,Dalal  Mayer!'* R R
[, R 50
59%, 10 56% 15180 Ladd M7
10 C .’ 2 o .’ b
, [18.19] [20]
[21]
2.2
s Lz2] °



353

Lea~27) | , Giardina [ .
2.3
[5,29,30]
[10,31] [10] Six [32]
N o .
[33]
9 b o b 9
b o
9
[34] [30,35,36] ,
[25] [37
o b
[38]
o b
[39,40]
o b b
1] [42]
9 o
b b o
[43~46]
b o
o b
[47]
o . b
. ,Franzluebberst*
3
o N s
[49]
) .
[50]
b o b
[50,51]
b o
b b b o
foz.587 0~30cm , 0~10cm . . .
(100~ 20002m )57 .
Roscoe  Buurmant?" . o
[22,27,57,58]
b o
) 40%’\’60% )
60% ~75%"", Chan %
; (>53pm) N (<53pm) R
[27]
.’ o 9
b o b
[59.60]
o . o
4
b 2 b
. o .
0~5cm [m.&]o
West  Post! 67 276 s ,
C 57414 g/m?*; s C 20412 g/m?,
s 5~10a s s 15~20a
3 ’ 40~60a °
Waite ( 1926 ) fo-6el, - ,

s H 68a s -

60% ;

34a s

[56]



354 25

1950 ) 1925 . ezl
s - , 2~0. 25mm ,
. Curtin Lo -
l4a - C 5~6t/hm?, s
[66~69] s s s s
Joseph [ (p<<1.7 g/cm?) s
(0>1.7 g/cm®) . i NPK ,
. . ; NPK B
L2 ’ ) 0~5cm
s . . Peterson [ .
9 [74] b
o 9 ’ ’ C()2
[46.65.75) , Doran % - 22~27a s 12% ~
32%, , ; .
5
( . ) ( ) o
3000~15000  t A , .
. . o
9 o .
. N o
References :

[1] Gifford M R, Cheney N P, Noble J C, et al. Australian land use, primary production of vegetation and carbon pools in relation to
atmospheric carbon dioxide concentration. Bureau rural resources proceedings,1992, 14:151~187.

[ 2] Dalal RC, Chan K Y. Soil organic matter in rainfed cropping systems of the Australian cereal belt. Australian Jowrnal of Soil Research,
2001, 39: 435~464.

[3] Swift R S. Sequestration of Carbon by Soil. Soil Science,2001, 166:858~871.

[ 4] Bradford ] M, Peterson G A. Conservation tillage. In: Bradford J. M. . Peterson G. A. eds. Handbook of Soil Science. Boca Raton. ,
CRC Press,2000.

[ 5] Tisdall J M, Oades ] M. Organic matter and water stable aggregates in soils. Soil Science,1982, 33: 141~163.

[ 6] Dalal R C, Mayer R J. Long-term trends in fertility of soil under continuous cultivation and cereal cropping in southern Queensland 1.
Total organic carbon and its rate of loss from the soil profile. Australian Jowrnal of Soil Research,1986, 24: 281~292.

[ 7] Cambardella C A, Elliott E T. Methods for physical separation and characterization of soil organic matter fractions. Geoderma,1993, 56:
449~457.

[ 8] Parton W J, Ojima D S, Schimel D S. Models to evaluate soil organic matter storage and dynamics. In : Carter M. R. , Stewart B. A.

eds. Structure and organic matter storage in agricultural soils. Advances in Soil Science. New York: CRC Press Inc. ., 1996. 421~466.



355

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]
[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Blair G J, Lefroy R D B and Lisle L. Soil carbon fractions based on their degree of oxidation, and the development of a carbon
management index for agricultural systems. Australian Jowrnal of Agricultural Research,1995, 46:1459~1466.

Parton W J, Schimel D S, Cole C V, ez al. Analysis of factors controlling soil organic matter level in Great Plains Grasslands. Soil
Science Society of America Journal 1987, 51: 1173~1179.

Skjemstad J O, Dalal R C., Barron P F. Spectroscopic investigations of cultivation effects on organic matter of Vertisols. Soil Science
Society of America Journal ,1986, 50:354~359.

Hontoria C, guez-Murillo J C, Saa A. Relationships between soil organic carbon and site characteristics in Peninsular Spain. Soil Science
Society of America Journal, 1999, 63(3):614~621.

Dalal R C and Mayer R J. Long-term trends in fertility of soil under continuous cultivation and cereal cropping in southern Queensland

Il . Distribution and kinetics of soil organic carbon in particle-size fractions. Australian Jowrnal of Soil Research,1986, 24: 293~ 300.
Datal R C and Probert M E. Soil nutrient depletion. In: Clarke A. L., Wylie P. B. eds. Sustainable crop production in the subtropics: an
Australian perspective. Department of Primary Industries: Brisbane.Qld, 1997. 42~63.

Cogle A L, Littlemore J, Heiner D H. Soil organic matter changes and crop responses to fertilizer under conservation cropping systems in
the semi-arid tropics of North Queensland, Australia. Australia Journal of Experimental Agriculture, 1995, 35.233~237.

Bell M J, Bridge B J, Harch G R, et al. Physical rehabilitation of degraded krasnozems using ley pastures. Australian Journal of Soil
Research. ,1997, 35:1093~1113.

Ladd J N. Oades ] M. Amato M. Microbial biomass formed from 14C, 15N-labelled plant material decomposing in soils in the field. Soi/
Biology and Biochemistry,1981, 13:119~126.

Amelung W, Zech W, Zhang X, et al. Carbon. nitrogen, and sulfur pools in particle-size fractions as influenced by climate. Soil Science
Society of America Journal, 1998, 62(1): 172~181.

Rodionov A, Amelung W I, Urusevskaja,et al. Carbon and Nitrogen in the Enriched Labile Fraction along a Climosequence of Zonal
Steppe Soils in Russia. Soil Science Society of America Journal, 2000, 64:1467~1473.

Huang Y, Liu S L, Shen Q R, ez al. Influence of environment factors on the decomposition of organic carbon in agricultural soil. Chinese
Journal of Applied Ecology, 2002, 13 (6);709~714.

Dalal R C. Soil microbial biomass- what do the numbers really mean? Australian Journal of Soil Research,1998, 38:649~665.

Freixo A A, de A, Machado P L. O, dos Santos H P, et al. Soil organic carbon and fractions of a Rhodic Ferralsol under the influence of
tillage and crop rotation systems in southern Brazil. Soil and Tillage Research 2002, 64(3-4):221~230.

Hendrix P F, Franzluebbers A J, McCracken D V. Management effects on C accumulation and loss in soils of the southern Appalachian
Piedmont of Georgia. Soil and Tillage Research,1998, 47(3-4): 245~251.

Liang B C, Gregorich E G, MacKenzie A F, et al. Retention and turnover of corn residue carbon in some Eastern Canadian soils. Soil
Science Society of America Journal, 1998, 62(5): 1361~1366.

Skjemstad J O, Dalal R C, Janik L J,et al. Changes in chemical nature of soil organic carbon in Vertisols under cereal cropping in
southern Queensland. Auwstralian Journal of Soil Research, 2001, 39:343~359.

Bayer, C, Martin-Neto L, Mielniczuk J, et al. Changes in Soil Organic Matter Fractions under Subtropical No-Till Cropping Systems.
Soil Science Society of America Journal ,2001, 65:1473~1478.

Roscoe R, Buurman P. Tillage Effects on Soil Organic Matter in Density Fractions of A Cerrado Oxisol. Soil and Tillage Research,
2003,70(2): 107~119.

Giardina C P, Ryan M G, Hubbard R M, et al. Tree Species and Soil Textural Controls on Carbon and Nitrogen Mineralization Rates.
Soil Science Society of America Journal ,2001, 65:1272~1279.

Loch R J, Coughlan K L., Mulder J C. Effect of frequency of peanut cropping on some properties of Krasnozem and Euchrozem soils in
the south Burnett area, Queensland. Australian Journal of Experimental Agriculture,1987, 27: 585~589.

Guo J H, Piao H C, Zhang X S, et al. Effects of ecosystem alternation on soil carbohydrate. Acta Ecologica Sinica,2002, 8: 1367~
1370.

Ding G, Novak ] M, Amarasiriwardena D, ez al. Soil Organic Matter Characteristics as Affected by Tillage Management. Soil Science
Society of America Journal ,2002, 66:421~429.

Six J. Callewaert P, Lenders S. et al. Measuring and understanding carbon storage in afforested soils by physical fractionation. Soil
Science Society of America Jowrnal ,2002, 66:1981~1987.

Carter M R, Gregorich E G, Angers D A, et al. Organic C and N storage, and organic C fractions, in adjacent cultivated and forested

soils of eastern Canada. Soil and Tillage Research,1998, 47(3-4): 253~261.



356

[34]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[56]

[57]

[58]

Hao Y, Lal R, Owens L B, et al. Effect of cropland management and slope position on soil organic carbon pool at the North Appalachian
Experimental Watersheds. Soil and Tillage Research,2002, 68(2): 133~142.

Georg G, Frey S D, Six J. et al. Bacterial and Fungal Cell-Wall Residues in Conventional and No-Tillage Agroecosystems. Soil Science
Society of America Journal,1999, 63:1188~1198.

Liang B C, Wang X L, Ma B L. Maize root-induced change in soil organic carbon pools. Soil Science Society of America Journal 2002,
66:845~847.

Liu Y F, Ouyang H, Zhang X Z, et al. Carbon balance in agro-ecosystem in Qinghai-Tibet Plateau. Acta Pedologica Sinica, 2002, 39
(5): 636~642.

Percival, H J, Parfitt R L, Scott N A. Factors Controlling Soil Carbon Levels in New Zealand Grasslands. Is Clay Content Important?
Soil Science Society of America Journal 2000, 64:1623~1630.

Campbell C A, McConkey B G, Zentner R P, et al. Tillage and crop rotation effects on soil organic C and N in a course-textured Typic
Haploboroll in southwestern Saskatchewan. Soil and Tillage Research,1996, 37(1): 3~14.
Grace P R, Oades ] M, Keith H, et al. Trends in wheat yields and soil organic carbon in the permanent rotation trial at the Waite
Agricultural Research Institute, South Australia. Australia Journal of Experimental Agriculture, 1995, 35. 857~864.

Stuart G A, Porter G A, Erich M S. Organic Amendment and Rotation Crop Effects on the Recovery of Soil Organic Matter and
Aggregation in Potato Cropping Systems. Soil Science Society of America Journal ,2002, 66:1311~1319.

Zhang F S. Long-term application of fertilizers effects on oxidated stability of organic matter in Lou and Huangmian soil. Soil and
Fertilizer, 1996, 6:32~34.

Alvarez R, Russo M E, Prystupa P, et al. Soil carbon pools under conventional and no-tillage systems in the Argentine Rolling Pampa.
Agronomy Journal 1998, 90(2): 138~143.

Potter K N, Torbert H A, Jones O R, et al. Distribution and amount of soil organic C in long-term management systems in Texas. Soil
and Tillage Research,1998, 47(3-4):309~321.

Halvorson A D, Peterson G A, Reule C A. Tillage System and Crop Rotation Effects on Dryland Crop Yields and Soil Carbon in the
Central Great Plains. Agronomy Jowrnal 2002, 94:1429~1436.

Halvorson A D, Wienhold B J, Black A L. Tillage, Nitrogen, and Cropping System Effects on Soil Carbon Sequestration. Soil Science
Society of America Journal ,2002, 66:906-912.

Gerzabek M H., Haberhauer G, Kirchmann H. Soil Organic Matter Pools and Carbon-13 Natural Abundances in Particle-Size Fractions of
a Long-Term Agricultural Field Experiment Receiving Organic Amendments. Soil Science Society of America Jowrnal,2001, 65:352~
358.

Franzluebbers A J. Soil organic matter stratification ratio as an indicator of soil quality. Soil and Tillage Research, 2002, 66(2):95~
106.

Roberts W P, Chan K Y. Tillage-induced increases in carbon dioxide loss from soil. Soil and Tillage Research,1990, 17:143~151.
Davidson S. Cultivation and soil organic matter. Rural Research.1986, 131:13~18.

Rovira A D, Greacen E L. The effect of aggregate disruption on the activity of microorganisms in the soil. Australian Journal
Agricultural Research, 1957, 8: 659~673.

Doran J W, Elliott E T, Paustian K. Soil microbial activity, nitrogen cycling, and long-term changes in organic carbon pools as related to
fallow tillage management. Soil and Tillage Research,1998, 49(1-2):3~18.

Mikhailova E A, Bryant R B, Vassenev I 1, ez al. Cultivation Effects on Soil Carbon and Nitrogen Contents at Depth in the Russian
Chernozem. Soil Science Society of America Journal .2000, 64:738~745.

Reeder J D, Schuman G E, Bowman R A. Soil C and N changes on conservation reserve program lands in the Central Great Plains. Soil
and Tillage Research,1998, 47(3-4): 339~349.

Galantini J A, Rosell R A. Organic {ractions, N, P and S changes in an Argentine semiarid Haplustoll under different crop sequences.
Soil and Tillage Research,1997, 42(3): 221~228.

Six J. Paustian K, Elliott E T, et al. Soil Structure and Organic Matter I . Distribution of Aggregate-Size Classes and Aggregate-
Associated Carbon. Soil Science Society of America Journal ,2000, 64:681~689.

Hussain I, Olson K R, Ebelhar S A. Long-Term Tillage Effects on Soil Chemical Properties and Organic Matter Fractions. Soil Science
Society of America Journal 1999, 63:1335~1341.

Chan K Y, Heenan D P, Oates A. Soil carbon fractions and relationship to soil quality under different tillage and stubble management.

Soil and Tillage Research,2002, 63(3-4):133~139.



357

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[20]
[30]
[37]
[42]
[60]
[62]
[68]
[71]
[72]
[74]

Rasmussen P E, Albrecht S L, Smiley R W. Soil C and N changes under tillage and cropping systems in semi-arid Pacific Northwest
agriculture. Soil and Tillage Research,1998, 47(3-4): 197~205.

LuJ L, Zhang Y P, Wang X D, et al. Protective effect on agro-land ecosystem forsoil fertility. Acta Ecologica Sinica, 2001, 21(4):613
~616.

Six J, Elliott E T, Paustian K, ez al. Aggregation and soil organic matter accumulation in cultivated and native grassland soils. Soil
Science Society of America Jowrnal, 1998, 62(5): 1367~1377.

Li L Q, Pan G X, Zhang X H. Changes in organic carbon storage in aggregates of the surface horizon in a degraded Paleudlt upon
vegetation recovery. Chinese Journal of Soil Science, 2000, 31 (5): 193~196.

West T O, Post W M. Soil Organic Carbon Sequestration Rates by Tillage and Crop Rotation: A Global Data Analysis. Soil Science
Society of America Journal ,2002, 66:1930~1946.

Russell J S, Williams C H. Biogeochemical interactions of carbon, nitrogen, sulfur and phosphorus in Australian agro-ecosystms, In:
Galbally Le. Freney JRS. eds. The cycling of carbon, nitrogen. sulfur and phosphorus in terrestrial and aquatic ecosystems. Canberra,
Australian Academy of Science,1982.61~75.

Curtin D, Wang H. Selles F. ez al. Tillage Effects on Carbon Fluxes in Continuous Wheat and Fallow-Wheat Rotations. Soil Science
Society of America Journal,2000, 64:2080~2086.

Riezebos HTh, Loerts A C. Influence of land use change and tillage practice on soil organic matter in southern Brazil and eastern
Paraguay. Soil and Tillage Research,1998, 49(3): 271~275.

McCarty G W, Lyssenko N N, Starr J L. Short-term changes in soil carbon and nitrogen pools during tillage management transition. Soil
Science Society of America Journal, 1998, 62(6):1564~1571.

Zhuang H'Y, Liu S P, Shen X P, ez al. Effect of long-term minimal and zero tillages on rice and wheat yields, soil organic matter and
bulk density. Scientia Agricultura Sinica, 1999, 32(4) . 39~44.

Bowman R A, Vigil M F, Nielsen D C, et al. Soil organic matter changes in intensively cropped dryland systems. Soil Science Society of
America Journal, 1999, 63(1): 186~191.

Joseph O D. Schjonning P. Sibbesen E. et al. Aggregation and organic matter {ractions of three Nigerian soils as affected by soil
disturbance and incorporation of plant material. Soil and Tillage Research,1999, 50(2):105~114.

Shen H, Cao Z H, Xu Z H. Effects of fertilization on different carbon fractions and carbon pool management index in soils. Acta
Pedologica Sinica,2000, 37(2):166~173.

Xu Y C, Shen Q R, Ran W. Effects of zero-tillage and application of manure on soil microbial biomass C, N and P after sixteen years
cropping. Acta Pedologica Sinica,2002, 39(1): 89~96.

Peterson G A, Halvorson A D, Havlin J L, es al. Reduced tillage and increasing cropping intensity in the Great Plains conserves soil C.
Soil and Tillage Research, 1998, 47(3-4): 207~208.

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.

Huggins D R, Buyanovsky G A, Wagner G H, et al. Soil organic C in the tallgrass prairie-derived region of the corn belt: effects of long-
term crop management. Soil and Tillage Research, 1998, 47(3-4):219~234.

Pulleman M M, Bouma J, van Essen E A,et al. Soil Organic Matter Content as a Function of Different Land Use History. Soil Science

Society of America Journal 2000, 64:689~693.

, , s . , 2002, 13(6):709~714.
s s s . , 2002, 8:1367~1370.
s s .. . , 2002, 39(5):636~642.

5 1996, 6:32~34

s s s . » 2001, 21(4):613~616.
s s . . » 2000, 31(5):193~196.
s s PR . 21999, 32(4):39~44.
s s . . .+ 2000, 37(2):166~173.
s s . NN . , 2002, 39(1):89~96.
s s s . » 1998, 35(4):482~492.



