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Review of researches on soil aggregate and soil organic carbon

LIU Zhong-Liang, YU Wan-Tai
(Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, China)

Abstract Increasing soil organic carbon (SOC) levels are critical for agricultural sustainability, meanwhile, it could mitigate global
climate warming due to the greenhouse effects. Soil aggregates are the main soil components and significantly influence soil physical
and chemical characteristics. As soil aggregates hold in SOC and SOC forms the cementing substance of soil aggregates, the two are
inseparable. Based on research on the various aspects of soil aggregate and SOC, this paper summarized the main factors affecting
carbon sequestration in soil aggregates, the physical protection mechanisms of sequestrated carbon in soil aggregates, and current
research methods widely adopted in soil organic carbon and soil aggregates studies, which would provide support for future studies.
Key words Soil aggregate, Soil organic carbon, Carbon sequestration, Physical protection mechanism

(Received June 22, 2010; accepted Oct. 28, 2010)

200 (]
2/3,
CO,
4
4%, [4)
[2]
b b
b
3 (¥ 3
CO, [],
B
90% B
2
b 2
* (2008BADA7B08, 2007BAD89B02) (40701067)
*k : (1964~), R s E-mail: wtyu@jiae.ac.cn
(1986~), , s E-mail: liuzhongliang0616@sina.com

:2010-06-22 :2010-10-28



448 2011 19
1 TEHARKPENRNSEREN
’ Six U
(Macroaggregates, A) (Microag- oPOM POM POM,

gregates, M), >250 um , POM POM
<250 pm [6] >
2 000 pm (Large macroaggregates, A1) 2 000~ ’ Jastrow!™!
250 pm (Small macroaggregates, A2);

250~53 um (M1) <53 um ’ 20%
(Silt and clay fraction, M2)!"! Al A2 Ml ’
M2

- 5 Al 5000 um ; <0.45
5000~2 000 um™®, A2 2.000~1 000 ym MM "
1 000~250 ! 90% , 0.15%~0.19%""",

21, A M 5113

A M, fPOM ,
M, . 70% < > »MOM ’
S3um M2 04 , MOM

(5], 86%~91%!"1, fPOM 10%
’ : C/N
’ 6] VR fPOM>0POM>MOM, [7.20]
i (LF-C) CIN
[21]
( D (Free 2 BAHRSTIEARKERELRHAR

particulate organic matter, fPOM)

(Occluded particulate organic matter, oPOM; intra-
aggregate POM, iPOM) (Mineral
associated organic matter, MOM)
(Dissolved organic matter, DOM)

, 53~2 000

Hm s s

20

[6-7,22-23]

1982  Tisdall  Oades!®

L WE AR P4 Free particulate organic matter
; —— & A BRATHLY Occluded particulate organic matter

= A EATHLAY Mineral associated organic matter

nEYEATHLY) Dissolved organic matter

Bl TEABEETIERs S5

Fig. 1 Distribution of soil organic carbon pool in soil



449

13C ISN
Elliott"! , , B ,
13C
1984 Oades!* , , ,
Six [ << i
POM , ,Six 012
2 ’ SOM
(2 b , (LF)
, , , iPOM
(SOM) ti~t,  to~ts , iPOM
Oades , Golchin % iPOM , iPOM
(>250 pm) (<250 pm), , ts ,
POM (<20 , ,
pum), POM Angers [ ,
s iAk

Fresh residue

e’ e
|l ST
7 o Comsiron e

F IS 14 Macroaggregate

CO,  ppidr ik in s
- 3t sk
BHE Tillage Increased decompo-
sition due to reduced

physical protection
<D /8 O
o - DY
AN —

L=
ﬂH’I— Ti“zlgP ﬂ
N\ HEATE4 Old microaggregate
J Bl AT A New microaggregate
ZZ o

VI ZRAATE nE

Aggregate formation

Dlﬂiféiﬂ:%a‘ﬁ‘i-r’ﬂ%-ﬂt Reduced microbial activity

L
—29
ﬂv =

sty POM
Free microaggregate

B2 +iEE kR AR A DY

Fig. 2 Conceptual model of aggregate turnover in soil



450 2011 19
) ( ) ) ,
POM (ts) ,
) (D ; (2)
) ; (3) ; (4)
[41]
. . 3.2
3 TEABRKSFHNREEXRZANAR
[26] ’
3.1 , ,
(2l (D
[27]’ Six 128 B 3
, ; (2)
( )s ; (3)
5 [43]
[29-30] ’ '
, soMm!l,
( ( ) [44]
) ) )
, Campbell " 30 , POM,
> Six 12
Chung V% , , ,
Gulde ,
[33]
2007 Kool P gix 112!
[4] ’
, CO, Oren ™1 | Co,
s , Stewart (331 ,
(Soil carbon saturation deficit) ,
[46]
(ASOC/ACippu) e ,
> s >(0.25 mm
[30,36—37]’ . > > >
[28,38] N
[39-40] [48] [49]



451

2
Palm D% ,
4 ( >2.5%, ,
<15%, <4%), ( >2.5%, ,
>15%, >4%  <2.5%, 1 7] ,
<15%), ( <2.5%, >15%)
, Fonte (511 >
, , > >
[58]
4.2
[59]
[52]’ 10
.50 [22,60]
1994  Golchin ! Oades ,
, (POM)
[53] ,
, <0.5 mm >
B4 Chan® Six
5
(POC)(>53 um) > >
, POC POM POM
4 POC Gix  [12:2261-62]
POC >250 um )
<50 um ,  POC 22
, POC )
4 BABREDBEN R YIRRIP YL :
4.1
, Denef [©
) (Microaggregate within
561, “ i macroaggregate, Mm), <0.053 mm
°c . ( ) ,
(>250 pm) , Mm
: (20~250 pm) , , Mm-C ,
(3 um) Mm ) )
Mm [12,63]
(<20 pm), )
[12,22,62,64]

(4]



452 2011 19

, 5.2
[22,60,65] [69]
, 1.8,
2.5 ,
( ) ; ;
, , 1.8 2.0
[5]’ , ( ) R ,
[66] )
POM
[24] Golchin ¥ POM
2 , , fPOM
5 FR kAT R 5% , ,
s ; 2 R POM(Intra-
, aggregate, iPOM, Occluded POM,
, oPOM), :
iPOM-C Gale
5.1 fPOM iPOM Six !
POM POM(2 000~ 250 pm)
, POM(250~53 pm)
Six [
(1)
Six [
; (2) POM : POM
; (3) , Inter-microaggregate POM,
[67]
, POM Intra- microaggregate POM
Six 1 ,  (iPOM), 2 POM
4 :>2 000 pm 2 000~250 POM , POM
pm  250~53 pm <53 um ,
) POM
(68] , , iPOM
8§ mm 10 mm , , iPOM ( e

Six

5 min, 3:



2 : 453

X F 13 Dried soil

!
) ! ! )

>2 000 LIlJm KEFHE || 2502 000 pmP1 A Small macroaggregate | | 53~250 um{§ A% {4 Microaggregate <53 ym MOM
arge
macroaggregate BE2.0 gem ER

Density flotation 2.0 g-cm™

b l |

#£4H Light fraction E 4 Heavy fraction || #41 Light fraction H4H Heavy fraction
TNBERER, oK S B Rk HMPZ3HH, + i 43
Glass beads added, running water HMP dispersed + sieved
separate microaggregate

! !

Inter-mM cPOM 53~250 pmfH I R {A& Microaggregate <53 pm MOM
2.0 grom “HW Intra-m POM <53 ym MOM
Density flotation 2.0 g-cm™

l !

Inter-mM fPOM 53~250 pumff A TR+ P I POM Microaggregate + protected POM
HMP dispersed + sieved
Intra-mM POM <53 um MOM

E3 HIRARGIAEHEYES AR
Fig. 3 Fractionation scheme to isolate aggregate and aggregate-associated organic matter fractions
MOM ,cPOM  250~2 000 um ,fPOM  250~53 um , HMP , Inter-mM
, Intra-mM , Intra-m MOM: Mineral associated soil organic matter; cPOM:

250~2 000 pm particulate organic matter; fPOM: 250~53 um particulate organic matter; HMP: Hexametaphosphate; Inter-mM: Inter-microaggregates
within macroaggregates; Intra-mM: Intra-microaggregates within macroaggregates; Intra-m: Intra-microaggregates.

6 %5iE ;
b
[41]
s
b
b
( )
( ) )
2 b
: S 3k
[1] Baldock J A, Nelson P N. Soil organic matter[M]//Sumner M
’ E, ed. Handbook of soil science. Boca Raton, USA: CRC
5 000 Press Inc, 1999: 25-84
[2] , , Yin C.
2
23 [7]. , 2005, 25(2): 351-357
(71] ’ [3] Gifford R M, Cheney N P, Noble J C, et al. Australian land
3/44°,

use, primary production of vegetation and carbon pools in

s CO, relation to atmospheric carbon dioxide concentration[J].



454

2011 19

(4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

(13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

Bureau Rural Resources Proceedings, 1992, 14: 151-187

, , . [J71.

, 2007, 27(6): 2642-2649

Jastrow J D. Soil aggregate formation and the accrual of
particulate and mineral-associated organic matter[J]. Soil
Biological Biochemistry, 1996, 28(4/5): 665-676
Tisdall J M, Oades J M. Organic matter and water-stable
aggregates in soils[J]. Journal of Soil Science, 1982, 33(2):
141-163
Six J, Elliott E T, Paustian K, et al. Aggregation and soil
organic matter accumulation in cultivated and native
grassland soils[J]. Soil Science Society of America Journal,
1998, 62: 1367-1377
Cambardella C A, Elliott E T. Carbon and nitrogen dynamics

of soil organic matter fractions from cultivated grassland

soils[J]. Soil Science Society of America Journal, 1994, 58(1):

123-130
De Ledn-Gonzalez F, Celada-Tornel E, Hidalgo-Moreno C I,

et al. Root-soil adhesion in a volcanic sandy soil of Mexico[J].

Soil and Tillage Research, 2006, 90(1/2): 77-83
John B, Yamashita T, Ludwig B, et al. Storage of organic
carbon in aggregate and density fractions of silty soils under
different types of land use[J]. Geoderma, 2005, 128(1/2):
63-79
Jastrow J D, Miller R M. Soil aggregate stabilization and
carbon sequestration: Feedbacks through organo- mineral
associations[M]//Lal R, Kimble J M, Follett R F, et al. Soil
processes and the carbon cycle. Boca Raton, Fla: CRC Press,
1998: 207-223
Six J, Elliott E T, Paustian K. Soil macroaggregate turnover
and microaggregate formation: A mechanism for C
sequestration under no-tillage agriculture[J]. Soil Biology and
Biochemistry, 2000, 32(14): 2099-2103
Mikha M M, Rice C W, Milliken G A. Carbon and nitrogen
mineralization as affected by drying and wetting cycles[J].
Soil Biology & Biochemistry, 2005, 37(2): 339-347

[J]. , 1991,
13(2): 43-48
Elliott E T. Aggregate structure and carbon, nitrogen, and
phosphorus in native and cultivated soils[J]. Soil Science
Society of America Journal, 1986, 50(3): 627-633
Tisdall J M. Stabilization of soil aggregates by plant roots[D].
Australia: University of Adelaide, 1980

[J1. , 1989,
11(4): 401-404
Kalbitz K, Solinger S, Park J H, et al. Controls on the
dynamics of dissolved organic matter in soils: A review[J].

Soil Science, 2000, 165(4): 277-304

5 > >

[J]. , 2003, 40(5):

724-730

Yamashita T, Flessa H, John B, et al. Organic matter in
density fractions of water-stable aggregates in silty soils:
Effect of land use[J]. Soil Biology and Biochemistry, 2006,
38(11): 3222-3234

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

(33]

[34]

[35]

[36]

[37]

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

Six J, Bossuyt H, Degryze S, et al. A history of research on
the link between (micro) aggregates, soil biota, and soil
organic matter dynamics[J]. Soil and Tillage Research, 2004,
79(1): 7-31

Oades J M. Soil organic matter and structural stability:
Mechanisms and implications for management[J]. Plant and
Soil, 1984, 76(1/3): 319-337

Golchin A, Oades J M, Skjemstad J O, et al. Study of free and
occluded particulate organic matter in soils by solid state *C
Cp/MAS NMR
microscopy[J]. Australian Journal of Soil Research, 1994,
32(2): 285-309

Angers D A, Recous S, Aita C. Fate of carbon and nitrogen in
aggregates B¢
"*N-labelled wheat straw in situ[J]. Eur J Soil Sci, 1997, 48(2):
295-300

Lal R, Kimble J M. Conservation
sequestration[J]. Nutrient Cycling in Agroecosystems, 1997,
49(1/3): 243-253

spectroscopy and scanning electron

water-stable during decomposition of

tillage for carbon

[J1. , 2007, 44(2): 327-337
Six J, Conant R T, Paul E A, et al. Stabilization mechanisms
of soil organic matter: Implications for C-saturation of
soils[J]. Plant and Soil, 2002, 241(2): 155-176
Rasmussen P E, Parton W J. Long-term effects of residue
management in wheat-fallow. I. Inputs, yield, and soil organic
matter[J]. Soil Science Society of America Journal, 1994,
58(2): 523-536
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[J]. Soil Tillage
Research, 1998, 47(3/4): 219-234
Campbell C A, Bowren K E, Schnitzer M, et al. Effect of crop
rotations and fertilization on soil organic matter and some
biochemical properties of a thick Black Chernozem[J]. Can J
Soil Sci, 1991, 71: 377-387
Chung H, Grove J H, Six J. Indications for soil carbon
saturation in a temperate agroecosystem[J]. Soil Science
Society of America Journal, 2008, 72(4): 1132-1139
Gulde S, Chung H, Six J, et al. Soil carbon saturation controls
labile and stable carbon pool dynamics[J]. Soil Science
Society of America Journal, 2007, 72(3): 605-612
Kool D M, Chung H, Six J, et al. Hierarchical saturation of
soil carbon pools near a natural CO, spring[J]. Global Change
Biology, 2007, 13(6): 1282-1293
Stewart C E, Paustian K, Six J, et al. Soil carbon saturation:
Implications for measurable carbon pool dynamics in
long-term incubations[J]. Soil Biology & Biochemistry, 2009,
41(2): 357-366
Paustian K, Andrén O, Janzen H H, et al. Agricultural soil as
a sink to mitigate Soil Use and
Management, 1997, 13: 230-244

Reicosky D C, Evans S D, Cambardella C A, et al.

CO, emissions[J].



455

(38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

Continuous corn with moldboard tillage: Residue and fertility
effects on soil carbon[J]. Journal of Soil and Water
Conservation, 2002, 57(5): 277-284

Stewart C E, Paustian K, Six J, et al. Soil C saturation:
Concept, evidence and evaluation[J]. Biogeochemistry, 2007,
86(1): 19-31

Campbell C A, Lafond G P, Zentner R P, et al. Influence of
fertilizer and straw baling on soil organic matter in a thin
black Chernozem in western Canada[J]. Soil Biology &
Biochemistry, 1991, 23(5): 443-446

Nyborg M, Solberg E D, Malhi S S, et al. Fertilizer N, crop
residue, and tillage alter soil C and N content in a decade[M]//
Lal R, Kimble J, Levine E, et al. Advances in soil science:
Soil management and greenhouse effect. Boca Ration, FL:
CRC Press Inc, 2008: 93—100

5 s 5

[J]. , 2008, 23(9): 996-1004

[J1. ,2002, 13(11): 1491-1494
Beare M H, Hendrix P F, Coleman D C. Water-stable
aggregates and organic matter fractions in conventional-and
no-tillage soils[J]. Soil Science Society of America Journal,
1994, 58(3): 777-786
M H, Hendrix P F, Cabrera M L, et al.

Aggregate-protected and unprotected organic matter pools in

Beare

conventional- and no-tillage soils[J]. Soil Science Society of
America Journal, 1994, 58(3): 787-795

Oren R, Ellsworth D S, Johnsen K H, et al. Soil fertility limits
carbon sequestration by forest ecosystems in a CO,-enriched
atmosphere[J]. Nature, 2001, 411(6836): 469-472

. [1]. ,
1983(1): 30-32
1.
[J]. , 1984(2): 58-63
1. [J].
, 1987, 24(2): 97-104
[J]. , 1991, 28(4): 404-409

Palm C A, Gachengo C N, Delve R J, et al. Organic inputs for

soil fertility management in tropical agroecosystems:
Application of an organic resource database[J]. Agric Ecosyst
Environ, 2001, 83(1/2): 27-42

Fonte S J, Yeboah E, Ofori P, et al. Fertilizer and residue
quality effects on organic matter stabilization in soil
aggregates[J] . Soil Science Society of America Journal, 2009,
73(3): 961-966

U1 )
2001, 20(2): 16-19

> s

[I1. , 2000, 31(5):

193-195

Mendes I C, Bandick A K, Dick R P, et al. Microbial biomass
and activities in soil aggregates affected by winter cover
crops[J]. Soil Science Society of America Journal, 1999,

63(4): 873-881

[55]

[56]

(571

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Chan K Y. Soil particulate organic carbon under different land
use and management[J]. Soil Use and Management, 2001,
17(4): 217-221

Feller C, Beare M H. Physical control of soil organic matter
dynamics in the tropics[J]. Geoderma, 1997, 79(1/4): 69-116
Puget P, Chenu C, Balesdent J. Dynamics of soil organic
matter associated with particle-size fractions of water-stable
aggregates[J]. European Journal of Soil Science, 2000, 51(4):
595-605

Carter M R. Soil quality for sustainable land management:
Organic matter and aggregation interactions that maintain soil
function[J]. Agronomy Journal, 2002, 94(1): 38-47

Oades J M, Waters A G. Aggregate hierarchy in soils[J].
Australian Journal of Soil Research, 1991, 29(6): 815-828
Blanco-Canqui H, Lal R. Mechanism of C sequestration in
soil aggregates[J]. Critical Review in Plant Science, 2004,
23(6): 481-504

De Gryze S, Six J, Merckx R. Quantifying water-stable soil
aggregate turnover and its implication for soil organic matter
dynamics in a model study[J].
Science, 2006, 57(5): 693-707
Kong A Y Y, Six J, Bryant D C, et al. The relationship

between carbon input, aggregation, and soil organic carbon

European Journal of Soil

stabilization in sustainable cropping systems[J]. Soil Science
Society of America Journal, 2005, 69(4): 1078-1085

Denef K, Zotarelli L, Boddey R M, et al
Microaggregate-associated carbon as a diagnostic fraction for
management-induced changes in soil organic carbon in two
Oxisols[J]. 2007, 39(5):
1165-1172

Denef K, Six J, Merckx R, et al. Carbon sequestration in

Soil Biology & Biochemistry,

microaggregates of no-tillage soils with different clay
mineralogy[J]. Soil Science Society of America Journal, 2004,
68(6): 1935-1944
Balabane M, Plante A F. Aggregation and carbon storage in
silty soil using physical fractionation techniques[J]. European
Journal of Soil Science, 2004, 55(2): 415-427
Oorts K, Bossuyt H, Labreuche J, et al. Carbon and nitrogen
stocks in relation to organic matter fractions, aggregation and
pore size distribution in no-tillage and conventional tillage in
northern France[J]. European Journal of Soil Science, 2007,
58(1): 248-259
Sainju U M. Carbon and nitrogen pools in soil aggregates
separated by dry and wet sieving methods[J]. Soil Sci, 2006,
171(12): 937-949
Six J, Elliott E T, Paustian K. Soil structure and soil organic
matter. II. A normalized stability index and the effect of
mineralogy[J]. Soil Science Society of America Journal, 2000,
64(3): 1042—-1049
. [M].

, 2000
Gale W J, Cambardella C A. Carbon dynamics of surface
residue- and root-derived organic matter under simulated
no-till[J]. Soil Science Society of America Journal, 2000,
64(1): 190-195

[J]. , 2005, 20(4): 384-393



