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Abstract: Vegetation restoration plays an important role in soil structure and nutrients. The effects of vegetation restoration
on the aggregate stability and soil carbon storage have been widely studied but the distribution of aggregate associated
organic carbon and the effects of plants on aggregate associated organic carbon in the secondary forest succession are still
unclear. This paper studied the stability of soil aggregates and the changes of soil aggregate-associated organic carbon under

the succession sequence of the secondary forests in Ziwuling forest region of the Loess Plateau China. We discussed the
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dynamics of aggregate-associated organic carbon and its influencing factors following the secondary forest succession. In the
field investigation five vegetation succession stages were selected: farmland ( CL) grassland ( GL) shrub (S) pioneer
forest ( PF) and climax forest ( CF) . Soil samples in 0—20 cm were collected and the aggregates were separated by wet
sieving. The stability of aggregates was characterized by mean weight diameter ( MWD)  geometric mean diameter ( GMD)

and percentage of water stable aggregates ( WAS) . The organic carbon root biomass litter biomass and microbial biomass
carbon ( MBC) of soil and aggregates were measured. The dynamics of soil aggregate-associated organic carbon and its
influencing factors were analyzed. The results showed that soil organic carbon contents increased with vegetation succession

which showed that CF>PF>S>CL and the organic carbon contents of aggregates increased more significantly from grassland
to pioneer arbor stage. The succession of vegetation communities significantly increased the content of soil organic carbon.
The stability of soil aggregate increased significantly with vegetation succession ( P<0.05) . The stability of soil aggregate in
climax forest was the highest and the contents of macroaggregate>0.25 mm in pioneer forest and climax forest were higher
than that in farmland. The organic carbon contents of soil aggregates with different particle sizes increased with vegetation
succession and the organic carbon content of 2—0.25 mm was the highest in each succession stage. The stability of
aggregates was positively correlated with the soil organic carbon. Root biomass litter biomass and the MBC were
significantly positively correlated with aggregate-associated organic carbon content. The main factors affecting soil organic
carbon contents of aggregates were different in different particle sizes. Except the stages of vegetation succession soil total
organic carbon litter biomass and soil aggregate stability were the main factors affecting the organic carbon content in the
macroaggregates ( > 0.25 mm) middle aggregates ( 0.25—0.053 mm) and microaggregates ( <0.053 mm) . The study
suggests that vegetation succession plays an important role in the stability of aggregates and the fixation of organic carbon in

aggregales.

Key Words: vegetation succession; soil aggregate; organic carbon; the Loess Plateau
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Table 1 Geographical information and soil physical and chemical properties of the study area ( mean+S.D.)
Location Cropland Grassland Shrub Pioneer forest Climax forest

/(°
Latitude z(m()l longitude
Altitude /m
Coverage /%
pH
Water content/%

/( g/kg)

Litter biomass
/(g/kg)
Microbial biomass carbon

/(g/kg)

Root biomass

108.464—108.473 E 108.521—108.539 E

36.068—36.078 N
1474—1476

8.70+0.18
11.473+0.75

175.06+8.24

1.51+0.58

92.57+16.68

36.072—36.090 N
1319—1323
73.3+£7.07
8.57+0.08
18.547+1.94

39.71+13.00

2.47+0.35

126.50+25.04

108.521—108.529 E
36.083—36.089 N

1352—1354
79.7+2.5
8.31+0.08
15.857+1.97

124.54+25.30

4.94+0.71

133.58+26.82

1450—1455
88.7+£4.04
8.35+0.14
13.222+1.04

144.44+27.83

5.49+0.97

296.22+36.07

108.527—108.534 E
36.044—36.055 N

108.535—108.540 E
36.047—36.051 N

1440—1450
82.2+3.79
8.34+0.12
14.422+1.40

231.55+33.09

4.56+0.68

409.77+47.01

1.3

>2 mm+2—0.25 mm- 0.25—0.053 mm
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MWD = 2 w, d, (1)
=
Di w;In d,0
GMD=expEi=ln E (2)
0 Zl w, 0O
WAS = ]";;’” (3)
d, (mm) ; w,
(%) . M;>0.25 >0.25mm (g); M, (g
pH-3C pH( 1:5) . TOC . ( SAOC) K,Cr,0,-
H,S0, "t ( MBC) K,SO0, R
MBC=EC/KEC
MBC (mg/ke) ; EC
( mg/kg) ; KEC 0.45.
1.4
SPSS 25.0 MWD.GMD.WAS.TOC
( ANOVA) .
o Origin 2019 o
2
2.1
( P<0.001) . 2—0.25 mm SAOC
<0.053 mm SAOC ( 1. 0.25—0.053 mm SAOC SAOC
> 2 mm+2—0.25 mm.0.25—0.053 mm <0.053 mm
51.2%.53.7%56.3% 45.6%.
2.2
TOC NN 51.29%.56.5%35.9%
10.3%. TOC ( P<0.05) TOC
( 2.
2.3
> 2 mm o 2—
0.5 mm.0.25—0.053 mm.<0.053 mm ( 3). MWD.GMD  WAS
51.0%.15.7% 14.6% .
2.4 . NN
( 2 SAOC .TOC.MBC. .
( P<0.05) . SAOC  TOC (> 2 mm) >(2—0.25 mm) >( <0.053 mm) >
(0.25—0.053 mm) . 0.25—0.053 mm SAOC MBC (0.314—0.344) ;
>2 mm SAOC (0.686) 0.25—0.053 mm SAOC
(0.669) .
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1

Fig.2 Changes of soil organic carbon content in different

Fig.1 Change of aggregate-associated organic carbon in different

. . vegetation succession stages
vegetation succession stages

(P> 0.05)
(P >0.05)
3
Fig.3 Dynamic changes of aggregate size composition and stability in different vegetation succession stages
(P > 0.05)
25 - -
MBC  TOC MBC
( ) SAOC .
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>2 mm SAOC X 2—0.25 mm
SAOC ; 0.25—0.053 mm SAOC ;
<0.053 mm SAOC TOC MWD,

2 - _
Table 2 Correlation between soil -plant-microbial and aggregate-associated organic carbon
Aggregate-associated . MWD GMD WAS TOC MBC LBC RBC
. Succession stage

organic carbon

> 2 mm 0.726™** 0.398** 0.253" 0.347** 0.673** 0.3417** 0.686** 0.415**
2—0.25 mm 0.747** 0.4317** 0.334*%  0.371*F 0.589** 0.344 0.670** 0.449**
0.25—0.053 mm 0.645** 0.358** 0.287**  0.333** 0.512** 0.174** 0.635** 0.669 **
<0.053 mm 0.649** 0.535** 0.357**  0.455* 0.568 ** 0.314** 0.587** 0.349**

* % 0.01 ;o 0.05 ( ) n=45; MWD: Mean weight diameter ; GMD:  geometric

mean diameter

; WAS: Water stable aggregates

; TOC: total organic carbon

; MBC:

microbial biomass

carbon ;LB litter biomass ; RB: root biomass
3
Table 3 Stepwise regression model of aggregate organic carbon content and influencing factors
Aggregate-associated . R? F P n
. Equation
organic carbon
> 2 mm ¥=0.024x,+0.316x5+0.007x4 +8.253 0.658 58.181 0.000 45
2—0.25 mm y=0.049x,+0.172x5+12.349 0.652 84.282 0.000 45
0.25—0.053 mm y=0.05x,+0.023x,+11.364 0.686 98.115 0.000 45
<0.053 mm y=0.017x,+0.194x5+1.688x,+6.008 0.536 35.269 0.000 45
X ;% MWD ( Mean weight diameter) ; %3 GMD ( geometric mean diameter) ; x4 WAS ( Water stable
aggregates) ; 25TOC ( total organic carbon) ;%6 MBC ( microbial biomass carbon) ;x; LB (litter
biomass) ;x5 RB ( root biomass)
3
31
20
( P<0.05) ; SAOC .
2123
TOC . TOC
2425 . TOC
TOC o,
SAOC  TOC (P<0.05) > 2 mm SAOC
o > 2 mm SAOC
7 0.25—0.053 mm SAOC
(P > 0.05)

> 2 mm+2—0.25 mm
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<0.053 mm

<0.053 mm o
32 .
MWD.GMD  WAS
2)
<0.053 mm SAOC 0.25—0.053 mm SAOC
<0.053 mm SAOC 0.25—0.053 mm SAOC
30
( P<0.001) .
(P<0.001) 0.25—0.053 mm SAOC (0.669)
(0.587) ; (P<0.001)  >2 mm SAOC
<0.053 mm SAOC (0.349) .
332
. SAOC .
3 21
33
34
33
MBC .
6 .
3
MBC ¥
mm MBC
(0.344) .
37
39
SN SAOC  MBC
4
( ) .TOC
. . MBC
>0.053 mm (
) <0.053 mm .
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