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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 c¢m 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 ageregates (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

aggregates.
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FEHL, LA/ NS RAE Hr R R 22 . WSCERAE DT N R R o ik ) U 5 00, AR D BEBILAB BB 3 A R AR i (0—20
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Table 1 Geographical information and soil physical and chemical properties of the study area (meanzts. d.)

Hh gL R L5 N JeiE bk ToR A
Location Cropland Grassland Shrub Pioneer forest Climax forest
ZEGE/(°) 108.464—108.473 E 108.521—108.539 E 108.521—108.529 E 108.527—108.534 E 108.535—108.540 E
Latitude and longitude 36.068—36.078 N 36.072—36.090 N 36.083—36.089 N 36.044—36.055 N  36.047—36.051 N
14K Altitude/m 1474—1476 1319—1323 1352—1354 1450—1455 1440—1450
Wil Cover/% — 73.3£7.07 79.7£2.5 88.7+4.04 82.2+3.79
pH 8.70+0.18 8.57+0.08 8.31+£0.08 8.35+0.14 8.34+0.12
&K Water content/% 11.473+0.75 18.547+1.94 15.857+1.97 13.222+1.04 14.422+1.40
7% 7/ (g/k
F.j/%%.ét%y_ (¢/ke) 175.06+8.24 39.71+13.00 124.54+25.30 144.44+27.83 231.55+33.09
Litter biomass
8 A MR/ (/K
MLL%L%E@% (#/ke) 1.51+0.58 2.47+0.35 4.94+0.71 5.49+0.97 4.56+0.68
Microbial biomass carbon

Y g/ (g/k
RAREDE (o/ke) 92.57+16.68 126.50+25.04 133.58+26.82 296.22+36.07 409.77+47.01

Root biomass

1.3 g
P BSR4 MHITRIERZL > 2 mm 2—0.25 mm ,0.25—0.053 mm Fl < 0.053
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mm,, K IR R RS R An ok F - EAR (MWD)  JU 3 BLAR (GMD) Ak R B R AR 43t
(WAS) . 43l IR A,

MWD = Y w,d, (1)
i=1
2 w,ln d,
GMD = exp| (2)
Z w;
i=1
WAS — r>025 (3)

Horbr d 20 3 SR BT BORLAR Y T N R AT SR AR 9 734 BLAR (mm ) 5 o0, 2 AT SORAR Y BT A AT SR A4 B o i oy
FETEME (%), M,>0.25 5 > 0.25 mm KEEEFRIETE (g) M, HARIKER(g),

K pH-3C RIBRFEHINE T +4 pH( +/KH 1:5) , TOC & B RUA HLIK & (SAOC) il i3 K,Cr,0,-
H,SO, Ak o e b YA Wi (MBC) R FHBGH M S 7% K, SO, B kme ™ A=,

MBC=EC/KEC

Hod MBC R A4 W i 0 8 (mg/kg) s EC FRn B8 HREAHLER B 5 R B 28 HREA DR 2 2%
(mg/kg) s KEC FRn iU E MR Rk iR 4 1 ke 1 il B 0.45,
1.4 BdEor

FIIH SPSS 25.0 X A [R] 45 38 B B Bt - 438 A1 R AR A HLAR & &5 . MWD ,.GMD \WAS \ TOC % #1775 2250 #r
(ANOVA) . R Ez /R AH I R BT AR R[] A SCOC R | SR FH I A5 013 43 A1 52 M A [R) 6L A% 1A SR A 1L
W EERE , R Origin 2019 T2 A,

2 ERAW

2.1 FEGEHEE T R R LR s A AR

AN T R A B B S R A - 8 AT SR A WL & 1 25 S 3 (P<0.001) , 2—0.25 mm Fif8 SAOC e,
< 0.053 mm K712 SAOC Al (K 1) . BR%HL 0.25—0.053 mm Kift SAOC Z b, Bl 9 i FE45-hidt SAOC 1
BT, FETZAAT > 2 mm 2—0.25 mm 0.25—0.053 mm Fl < 0.053 mm A4 HRiA2 334 HLRR &
HeAe 4353 5 51.2% \53.7% .56.3% F1 45.6% .,
2.2 FHBLEE T R LR SR L

R TOC & i DA TGO AR 5, LAk B Bt VR | S AR bl 133853 ) 51.2% \56.5% 35.9% Fll
10.3% , BRECHLLIAN  £AE B B B TOC & 2 8 2 5 T A (P<0.05) , TOC. 2 3 AR B i B AN W7 384 Jn 1)
#(E2),
2.3 FEHBLECE T R R AR e M AR

FERE R, BRICEEAMRAD , > 2 mm 04 G P R AAR o B 347 Bl R AN W398 i, TOU ok B e i (B, 2—O0.
5 mm ,0.25—0.053 mm < 0.053 mm PRI AN (E 3) , TR HEATR KL MWD .GMD F1 WAS {H i,
3R B 51.0% (15.7%F1 14.6% , 3% 3% A bl 5 AE e 8, A SR AR RS e 1A 21t 25 4 v
2.4 FEGEE T LR RAA DR S A RIAEREYE Y R R EY A YRR R

B2 IRAME AT 2R (3R 2) , & RiAE SAOC ) 5 R IR Fa et TOC MBC MR R A WMEY Ay &2
WEMEIEM G (P<0.05) . #FiE SAOC 5 TOC BIFHEREERI A (> 2 mm) >(2—0.25 mm) >(< 0.053 mm)
>(0.25—0.053 mm) , [ 0.25—0.053 mm $if2 SAOC LA4h, 5 MBC BYAH I R E0E Bl 7 (0.314—0.344) ; R £
YRS > 2 mm KifE SAOC A5 R 8RR (0.686) , A #5WE ¥ 5 0.25—0.053 mm Kif2 SAOC AYAH&
AH K (0.669) ,
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Fig.3 Dynamic changes of aggregate size composition and stability in different vegetation succession stages

MWD Jy-FEE 4 B4 (mm) s GMD L2 B4R (mm) s WAS SRR R IR T 20 LE (% ) s AR NG PR 3oR 257 A B3 (P > 0.05)

2.5 JATEHI-AR AR - W A R R A R AR R P P SR A LR ) I A 181 VA 73 B
H1 T MBC 5 TOC fFAEdLEet BT LAGIER MBC J& , #EAT38 A0 1, 75 e L A 22 Je e PR IR (6 3)
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mm R 15 SAOC (1) 2 K 20 A0 45 B A HLEK AR R A4 90, B A FLEK 1 5Tk 38 K 520 2—0.25 mm k4%
SAOC 1y F ZEH Z G M A DL ; 5201 0.25—0.053 mm Fife SAOC 1) 3 2 E 45 M IS W A= W i 5 52
< 0.053 mm Kt SAOC B FEFEZBALFE TOC Fl MWD,

F2 EY-LE-MEYNEABREENBELLR

Table 2 Correlation between soil -plant-microbial and aggregate-associated organic carbon

P SR AT Ltk

Aggregate-associated . = H_MEXL MWD GMD WAS TOC MBC LBC RBC

; Succession stage
organic carbon
> 2 mm 0.726 " 0.398 " 0.253" 0.347 " 0.673"* 0.341"" 0.686 " 0.415"*
2—0.25 mm 0.747** 0.431"* 0.334"*  0.371*" 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 **

# % FNTE 0.01 KFZEF R, = FIRTE 0.05 K FEREE (WE), n=45 MWD R 58 H%,;GMD R L4 B A% WAS Rk Eadk
VIR 73 e TOC g BT HLRK ; MBC S AR 9 A W ik ; LBC S 359 A W s RBC R 2 A

x3 HARGENRSIESZMERNZES EHFAER

Table 3 Stepwise regression model of aggregate organic carbon content and influencing factors

PH SR A LB

Aggregate-associated Jik . R? F P .
. 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 ¥=0.05x,+0.023x,+11.364 0.686 98.115 0.000 45

< 0.053 mm ¥=0.017x,+0.194x5+1.688x,+6.008 0.536 35.269 0.000 45

x BB 520, MWD 3205 0 GMD 300, 0 WAS ;05 54 TOC ;o0 AT WL W ¢ 5o, SRy I P WD L WAk s o AR R AR W ik

3 e

3.1 M p TR A g P SRR LA B Bh AR

B P AL R - SRR A TR LR AR Y ANHIR SR R B, A A L A T A R g A SR A ML
P (P<0.05) ; H AP OR R A 9k 1 5 [y BE A i gt SAOC 22 [0) 22 S 343k i K, A [RIAR gl 3 s B Be il T AL
Yt AR 25 5 S 80T e R AR WS TR TR DI A ML A 45 R AR 1A R A 43 AT
FEA R

A5 R B R 5 1 TOC & i i T I, R HEE B3 A ik . TOC & it 19248 fk ]
B 1 AR IR 75 Y S AR R 38N T -4 b i e 45 3 o, 2R AR S0 A SR AR B B S R, 35 T A AL 11
BIAE ) Sk AL, R TOC I, 13X T RE & PR R 38k 5 020 17 X 4 3 0 45 B, - e FL B AR > HOR R4 7
TRE R, et 1 1 U8 ¥ 0 A5 R AR 1 43k R AN B Tl J2 LR I R I T R, 0 b - S9 074  1 30 348 n ke 3% 43
(T R L A1, 0B J5 R R A AT REFEAIR TOC (30,

ARHF5EH, & RiAR SAOC 5 TOC W3 FA I (P<0.05) ,> 2 mm Kifd SAOC 5 33 S HLRRAH 6 250
Ko > 2 mm FifE SAOC FYARfb K, 3 1T B 2 Fifl 25 L 45 348 e A A 3 (A AL 75 s 18 , o 22 1 5 LA
BRI R AR R, SE MR UE T A HURTE £ P p e AR 0.25—0.053 mm 148 SAOC & 3 & T
HoAh A2 B PR T BETE T . — SR R Bl ORI S B R R R AR 2 T 3 X 3 (P > 0.05) , FI R M A 5 40 ke
FERZS > 2 mm 2—0.25 mm FRUEIERAS A LB R G i B b, B A7 450028 s R A/ N T SR AR Y Bl
AT RE T ME/ME  IHH T < 0.053 mm FIRIK Aok AT G
3.2 MEw R b A R AARRR A T R TR R ZR ) A P R AR B Sh 25 1 5 )

LI E R MWD GMD il WAS AR, T iife e , HEhuiR ihae S ssm ™ @ Rk A
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HLRFN AT AR S PRI AR DG AT (3R 2) , R I SRR Pk 5 A R LA 7 Jt f 3 IR AR OC , AT SRR AR 1
1585 < 0.053 mm Kife SAOC (A R K, 55 0.25—0.053 mm Kife SAOC AYAHSE R ER /N, HIRIKIE
B AR AT AR R BB R A B, K AT SR AR 53k (A5 A WL 2 A /DN SRR | it A 0 v A SR A TR
< 0.053 mm K2 SAOC 72 Ak a5 HARML, 1 0.25—0.053 mm Kife SAOC 7E5eEpk TRHARH B B B3 1
Tt JREATRELE T2 7 0 5 0, A R AK B T8 105 43 0 i T 1 4, Bk 0 1) T fR R AT SR A 1 /) AT SR A4 1Y
wsh

P8 ) FNAR 22 A W i A A Rl B R R v S 3B N ( P<0.001) , 359 A4 Wyt 5 A SR ARCA B AR f 2 15 A
X (P<0.001) ,55 0.25—0.053 mm $ifE SAOC AYAHIC R ER K (0.669) , H< 0.053 mm kit SOAC f/) (0.
587) s i R4 5 R R IEA PR D FAE(P<0.001) ,5 > 2 mm Fi48 SAOC MIAHE R ¥ K (0.686) , 5
< 0.053 mm FifE SAOC 2/ (0.349) ,3X ST A MIBFFT A5 R —80" . TR RE AL I% At 5 i RBE: K 2k
B AR FATRE, KEMETE M A 5 TR 4Rt 1 58 2 9B, A U TE sh e i T 1
T HIUBR A5 AL R A3 %) AR 2 AN [ %o Bl A 93 P R 9 5 40 R B P LR D, X SAOC AR F o AS
JSARIE] BB R, AR SAOC & AW I, X AT RE 5 A 75 9 MR R BRI S5 A DL IR A S 3G A
S R A SRR A (A B L Bl A A R A LB B 258 S k) T k11 R v ) A LR D) K 2 2 s B TS
FEAL R PEL 43 o DG T BTSRRI iy 2 U DA AT i i A\ A DB EE A RIS 8 %8 5 Rl AR e/
PRl A SR A RS 5 T8 UK AT SR AR, Tl 1A SR AR FE I 8 T L S, A AE T AT SR AR A HLAS o T 32 B 3R 4
T ARG R P He K A R AR P (s A AL = A4, e AT R AR AT i mT BHL1E 25 ARIK A9 B 8, M i BHL
11 PR AR A MLBR A 20 T EAT e/ INFLBR A ke A1 SR R e A MLBs R e P R sk o K
3.3 AEBLEER P A YR S SR AARAT DR B 2 B 5

148 MBC Ffi 55 A9 AW S e 5 5 AR IR MLk ) AR fb i SR [R] . M B9 AKX MBC A 25 L
T2 AN A S . — 7 T AR 28 43I0 0 R 75 00 (0 i A N A 0 T8 Sl BRI RR VS 5 53 — T T ] LA o ek e A -
SEFANE SRR R B2 O AR R E ) B AP IR ) R R AR P YR e R R R AR DL RR R 4
WA S R AR R | T 2 e AR ) 1 v AL, 33 MBC R ZE AR AR ARIFSE Y, BR 0.25—0.053
mm P REA LI ZHh , Haohi e B R AKA HLak & 51 5 MBC &2 1 35 1E A5G, Hrp MBC 5 0.25—0.053 mm
PIRIR A SC R B R (0.344) o I W AR = 0 41 0 398 N OR R) R /N AT SR AR 2854 B T )
Bl A Bh T Rl AR A R R, T S B W 2R e AR AR AT SR B AR B T R 0 R E £
BEVERREIN LIt M SRR TR, A HLRR 2 S 00 J e e ) R AT SR R o R A R AR S A L)
EMEE TS TE N, 5 14 22 AR e 18 ALY W 2 i B B2 e i 46, T 2 T 1 A e 0 R & A Ak
fife  AERERE R A, SAOC 5 MBC A E Rk, fiff + 39 R OR AL g S g Bkl g k)

3 &g

A BN TR (L AR ) BRI g B R, LTSRS E M \TOC FIa$ b A A1 SR ARAT Lok 35
3 I L U s i) ) 8 T 384, R W Bt A VR O SRS A TR , S e i N, R A5 DA |
RIEFEENE MRER Y MBC 5 HERRAT HLAR & B 35 ARG, ELAS [RDRLAR SR A HILAR ) 32 ZE 52 0 P 5
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