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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.

Key Words: vegetation succession; soil aggregate; organic carbon; the Loess Plateau

R S f RS ) SRk U DR AR i DG R 2 — 1Y BB AS U A SRR R e T | L
HLBRAE SR (9 43 A SRR 53 AR ) L 3R U REVE 4512 B3 HLBK (TOC) 185 B ] 1A
XoF iR A A 5 1 A A A B R, I EL G A ML e A 0 AR M M | B It S e R R %R Y N (R
AT S P R AT WL Ay S5 P R 2E 22—, RE RS A e S e b ) 5 5 B b A AL i
I P S0 , X - b P o o7 B Ry SRR >0 T A LRI AE AN (] P SR A v (1 22 S ) ] - 4 A
SR A BB 35 5 A A1 R AE %) 7 PR ) P A AT 5 RS ) - S LA A2 A s 25 AR 2 P ML HAT
BRE X,

R 2 R T B8 2 2 e, R A E AR AR T BRI S A, A i A v, AR A0
AR MR iR AR SRR 2 A R DTS AN [RIECRR B B TOC AR R ] AR R IR] - st R 2 8 1y
T A LS PR A 7 40 ) S A L R BRI AN [R1 T ¢ A= A2 Ak, S - S A0 LR 5 i LR AT SR R A HL AR
(AR M S i T A A AT A AR A TR R v A ML A TR R B 3 AT R A 1 T
JR R s P RS VT PR R AT HLBR A G 7 (LT B AL R 00 45 07 T & #44 FE AR, A LR
Bk 2 A IR SRR SRR A AN TRDRE AR T SRAA A B 5 bk AT L SR SOWL R AE A AL
AR A (6] P, T A SRS TR 20T - 38 AT SR LR 14 52 ) 2 BEAF A RO AT . R
ZHRN RIS T e R P SR A AT BRI, B 1 AT SR A ALkt i 8 o, 1T EL AR A 0k 52 v I AT 5
TRA HIL o SRR DT AT SRR LA KRR 5 R 45 4 A5 LB I SRR 2 (R A A 52 R SR WK
S e LR SRARAT HLBR , T HAAT SR A HLBR XS TOC STRkEE K™ o SR, B0 0F 5% 2245 vh 7 S 3
(RS AR TR A e W S e R (AR B R R ) B e e

TG SR B I H TR AR S 1 A AR A AL X, 285 KA PR S FORAP, R3O B T I (18] 55 32

http ; //www.ecologica.cn



13 WIEAR AR B R RO R AR M R i e rh S SR A WL s 528 Ak 5197

K (21 160a) SRAF5EHE (SR B BEAGAERR) 32 TN TR A WA BREE R 510 T R K A
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ERRERT R 587 mm, FEAEPTE 7—9 A, WX AYIEIRTE 1211—1453 m Z (8], HERERIM= A1 K
o, i AR EOR A B IR, SRR 50—130 m,, 3% X B TR IXCE 8 55 0 BRAR T T 3 T I
( Populus davidiana) 3L 7R Bk ( Quercus liaotungensis ) 55 7% I K AR P &1 AR & &, 3K LLVD B ( Hippophae
rhamnoides) &, ¥ AR A W) UL H =£ ¥ ( Bothriochloa ischaemum) | %8 & (Artemisia giraldii) | i5 % B &
(Lespedeza davurica) %R (R 1) o AR D7 2 BORMCHORTE #0245 b b AT 1T sl 5 00, A HH 580 s 4% BE AR
TR P9 O B R () R (VD) SR (1A ) FITSUGR AR (AL ARAR ) I, DR 24 75 2 B a2 I ) o
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PEFE 3 > 20 mx20 m FEHL, BEMFEHBREMLEEN 3 > 1 mx1 m BURETT, BEMGEAR e B 1) FIEREE ILAAH [ i)
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
em, HA£ 9 em) i 2 mm i, KERAWIR G 8O FE i 0TI - e B AL M o, W]k o0 R IEAE L rh AR &R
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Table 1 Geographical information and soil physical and chemical properties of the study area (mean+S.D.)

Hh gL R L5 N JeiE bk LN
Location Cropland Grassland Shrub Pioneer forest Climax forest
ZHiE/(°) 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
5 Coverage/ % — 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
}ij/%%i%;_ (¢/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 E ik
48 A 5 R SR 4 R O RN U R 4 A R AR R > 2 mm, 2—0.25 mm, 0.25—0.053 mm Al
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<0.053 mm,, f e R AR MEFE bR A R AR (MWD) LT3 B 428 (GMD ) Ak Ear: A R IK E
SRHL(WAS) . 2 BRI A

MWD = Y w,d, (1)

i=1
Y w,n 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
FETEETH (%) . M,> 0.25 4>0.25 mm KEEEM A RIETE (o) ;M, WA R G (g) .,

S pH-3C RIBRBEHHIE T 43 pH( /K 1:5) . TOC &4 HIRIAA PR & & (SAOC) i 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 FR AW W i 0 8 (mg/kg) s EC Fn 28 L REA N 5 R B2 HREA DR 2 2
(mg/kg) s KEC FRn iU E MR Rk iR 4 1 ke 1 il B 0.45,
1.4 B

FIFH SPSS 25.0 XA [ AE 4 1825 B B+ H A1 R ARAT HLA & f \MWD ,GMD \WAS [ TOC & it it 4775 25 0Bt
(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
WA FEF N K, K Origin 2019 FEFT4 K,

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 Kif2 SAOC K (K 1), BRE ML 0.25—0.053 mm Kife SAOC Z Ak, K& W 2 45 hide SAOC
B E TR, ZETZAAT > 2 mm 2—0.25 mm ,0.25—0.053 mm F1<0.053 mm (9450042 + A HLER & L
e A9 51.2% 53.7% .56.3%F1 45.6% .
2.2 FHBLEE T R LR SR L

FE B T TOC & it AT M e , LA Rkl TR | S bRt b 139853 501l 55 51.2% ,56.5% 35.9% il
10.3% ., BRAEHLLIAL , & IR Y BE TOC & 38 5 TR H (P<0.05) , TOC 2 30 B A 1 16 85 N W 348 o %) 4
#(E2),
2.3 FEHBLECE T R R AR e M AR

FERE R P BRICEEARON , > 2 mm RLAR (14 A SR AR (7 L 357 Bl A TR AN D B4 o, TR b ik B e i L, 2—
0.5 mm 0.25—0.053 mm ,<0.053 mm ¥R F /N (E 3) , TZObk 435 J R K ) MWD, GMD 1 WAS {8
1, A EE A T 51.0% 15.7% F 14.6% , 3 3% W Bl 25 R w5 R, AT SR AR e A5 3 i 35 4 v
2.4 PR A AR LR S R AARRR S T PRI AR R BUEYIE YRR R

B2 IRAME AT 2R (3R 2) , & RiAE SAOC ) 5 R IR Fa et TOC MBC MR R A WMEY Ay &2
W EVEIEADC(P<0.05) . #HifE SAOC 5 TOC BYAHICRBERM A (> 2 mm) >(2—0.25 mm) >(<0.053 mm) >
(0.25—0.053 mm) , Bk 0.25—0.053 mm $i4% SAOC LA4h, 5 MBC BIAHE R G E A (0.314—0.344) s iR 4
Prit 5>2 mm Fife SAOC BYFHIC REUR K (0.686) , VA WAV e 5 0.25—0.053 mm Hife SAOC AYAHIC R AL
K (0.669)
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Fig.3 Dynamic changes of aggregate size composition and stability in different vegetation succession stages

ME/NG FHRRZF AR E(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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>2 mmbifE SAOC 1Y B K R IR ALHE A ML FIAR & AE W, A HLBK 10 5Tk 8 K 5200 2—0.25 mm Riig
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#Aife SAOC i) FEEH KL TOC F1 MWD,

F2 EY-tE-MEDNAREENBELXR

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

3 LA .
AR B ' HOBEN R
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""  0.341""  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 **

* % FENAF 0.01 7KEF§EE%, * FRTE 0.05 K ER B FH (M), n=45;MWD: Mean weight diameter %ﬂ‘]iﬁﬁﬁé;GMD: geometric
mean diameter JLf[SE-Y) B 728 ; WAS: Water stable aggregates 7K EPE A B & & 43t ; TOC : total organic carbon 574 HLAK ; MBC: microbial biomass
carbon AW A= W &% ; LB ; litter biomass JH75491 4= ; RB; root biomass M 4= ¥t

®3 HARGHEVNBRSESHWERNZSEEAKRE

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

PR AAA HLAK -
Aggregate-associated . 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 ¥=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 ¥=0.017x,+0.194x5+1.688x,+6.008 0.536 35.269 0.000 45

x AT B BE ;0,8 MWD (- Mean weight diameter) -3 & H 4% ; 0, GMD ( geometric mean diameter) JLAA[F-3 E 4% ;x, WAS ( Water stable
aggregates ) 7K$%f¢[i]§éf$ﬁﬁﬂi,x5’f0c (total organic carbon) E’ﬁm_ﬁi}t,xﬁj‘] MBC (microbial biomass carbon) 1&@%%%%@2,% A LB (litter
biomass) JHVEYIAY) & ;x5 4 RB (root biomass) R &R A4 H &

3 e

3.1 AEBEECE P IR R AR WK Y B AR TR

- B AL R - SRR A T LR AR Y ANBIR SR R B, A FEA L A T AR G A SR A ML B
PER (P<0.05) 3 HH S [FIAE Bl R B B4 R SAOC 22 18] 22 57 2438 8 257K, N [l A 5 B BE vl T L
PRkt g AR 22 5 S 0T R PRI RN G WS A TR] DI AT - AT ML A 5 R A 1A SR AR 53 A
PR

AHIGE & AR 5 38 TOC & i i AR, R 85 L3 it T ks . TOC & =iy 7E b nf
REE F TR IR 5 ) AR AR R 380 1 e b A R 5 o, R I i AT SRR i S a0 R n T A DL 1)
FAE 2 Sk AL, R TOC I, 3X T REZ R R Fe Bk 5 020 17 % 4t i) 45 3, - AL R AR > HOR k47
TRLAE , B, 1 B 1 08 7 1) A AR AR 43 A DT AN RR T I TR 0 8 PR 00 55 R, PN - SR A= 0y (R B30 1 ok 55 43
()T R L A BN, B J5 R R A AT REFEAIR TOC (0,

AT, &RiFe SAOC 5 TOC BE IEME(P<0.05) ,> 2 mm Fife SAOC 5 + 3 BOA HLRR A ¢ 22 80
Ko > 2 mm Fife SAOC ABAb K, 3 T BE 2 Bl 5 A o e 1 1 e A ) 5 AR A WL 5 1 15, 8 22 19 Bk
BRI R Rk, S M et T A HURAE £ A 2, TR 0.25—0.053 mm Fife SAOC & H T
LA AR B DR AT BRAE T — R A B T B Se B SRR R AR 2H i TE B 35 X3 (P > 0.05) , AR A5 B30
FEARAS, > 2 mm 2—0.25 mm PRGBS VERAT , A LI 5 s DR i A7 s R /INA R AR P B
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ZH43 Al RE B MEMR  1E 1 T°<0.053 mm HIRIE S &R FHAYE
3.2 MR ECR b R AARRR S M R 5 AT ZR 0T A HE P R AT ALK Bh A 15 )

IR R R MWD (GMD Hl WAS [{E K, s ifee , HpuR phat flam ™l xf d R IR
BB A SR ARG PR A DG 3 A (36 2) |, A SR AT SR ARG S Pk 5 AT SR A LB 5 i 10 35 TR AL G, AT SR AR S 1
5805 <0.053 mm Kift SAOC AR R B K, 5 0.25—0.053 mm Fife SAOC FIAHSE R B/, HIRIAIE I,
PE R AL EE A A W) 5T, K AT SRAAR 53 fife A A A8 BILAI 1 /)N AT SR A A i e AT SR AR TR
<0.053 mmbifE SAOC ZE Ak i35 HARL, M 0.25—0.053 mm Kife SAOC 7ESGEEk TR B 30 3% 1
Tho JEPRRTRETE T2 1 80 5 0, A R AK B TE 18015 23 i 8 1 4, ik 1) 3 el O AT SR A /) AT SR A4 1Y
s,

PRV AR 2 A4 W e Ml o A P B N (P<0.001) , TR 9 A6 W 55 P SR A LR SB35 1 A
K (P<0.001), 5 0.25—0.053 mm k{2 SAOC HJHHC R £ K (0.669) , 5 <0.053 mm ¥ife SOAC fz/)
(0.587) ;MR R AW 5 1 S LA B35 1EAH G (P<0.001) , 5 >2 mm Kif% SAOC AYAH K R K (0.686) ,
15<0.053 mm it SAOC /18 (0.349) 3% ST A AIBFFE S5 R —" | TGO ARG R v 04 5 2 FEcE K
JEEAR EAR FEARIACH KBS IR A 13 RIERCE YR L T R R BRI UE TR S ek T+
B b A MUBR B AR AN A0 2 FE I RS [ SR A 0 T e R 205 R O P FAS TR] X6 SAOC Y A
ARAANR , BEAERBEE , 2 i SAOC i AW N, X vl e 5876 W) AR R ERIR A HLTT A =1 A
SRR A 7 BB L Bl T SR A A MR S 28 B A T ek T R A v A LR T K 2 v B I
FEAL IR PR L 73 o O T PSR IAIE )iy 2 R A i i A A HILBIR A RS i 28 5 R o AR B/
AL SRAA I ST J R P SRR, AP SR AAC T 1 T AL, A7 7 T 08 A1 SR AR e (9 WL Hhy T2 B RO
JIT AR 2 1 L K A SRR rp g e A MU i 55 o, PR SR AR A 1 T BEL L 25 RN K BRI, A BEL
1l SRR N A HILBR B4 43 i LA A /INFL B ok P SR A A WLBR A e P Bk T R
3.3 MEwkECE T A HERE T A R R DR Sh S A 5

- HE MBC B #8058 AN T T s (e 3 5 R SRR PILBR i AR AR AR TR] . AR 09 4B KX MBC A & B
B2 NI FE I SE 0 . — 7 T AR 28 43 W6 40 RO T8 0 (0 6 A R 2 0 T8 st BRIV 5 5 — Dy e ] LA 3 od i 2% + 38
SERRIE TR R B S E I A AE R B A R i R T R R R i AR R AR DR R4y
WAL e A U RT3 5 W A s M R BSCR: , S3 MBC R AR AR ARBFSE R BR 0.25—0.053
mm BRRA N Z Hh AR A R A DL & 515 MBC 2 12 2 E A ¢, Hrf MBC 5 0.25—0.053 mm
RARPAHIE R B K (0.344) . HHERAE W) AR =Wy 2 i + 58 P9 R TR R/ N R IR Z5 40 (T i, A
PR BT RO Y A T O R E Y 2R e A AR AR SRR R S 0 R 2
FEVERIREIN . R AR TR, 3 HLRR 2 3 14 JE) e s e ) R A R A eh T A R AR S A L)
AL R EE TR, & A 1R 2 A8 B9 DL AN 52 20 Bk S o A 0 s ik 45, i 5 T il 2 9 R & AR Ak 4y
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