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Abstract; Soil organic carbon plays a major role in the formation and stabilization of soil aggregates. However, our
knowledge on the relationship between organic carbon and stable aggregate is not clear in the restoring process of degraded
red soil. Red soil developed by granite has been eroded severely in southern China. Hetian town(25°33'—25°48°N, 116°
18'—116°31'E) was one of the typical regions, located in Changting County, Fujian Province, China. The water stability
of soil aggregates in five soils (include bare land; three ecosystems which were restored from severely eroded land to Pinus
massoniana forest, Castanea mollissima plantation and Paspalum notatum Flugge grassland ; protected second forest- next to
the village) was measured with dry sieve and wet sieve, then different size aggregates ( wet sieve) and whole soil were
analyzed for organic carbon content. The influences of vegetation restoration on water stability of soil aggregates, organic

carbon distribution in different size aggregates and relationship between organic carbon and stability of aggregate were
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discussed.

The stability of macroaggregate was lower in bare land than that in Pinus massoniana plantation forest, Castanea
mollissima plantation and Paspalum notatum Flugge grassland, and the best one was in protective second forest. Organic
carbon contents of different size aggregates were not changed in bare land. However, after vegetation restorated, organic
carbon content and distribution proportion in different size aggregates were changed since organic material inputs increased.
The macroaggregate had greater organic carbon content than the whole soil, microaggregate and silt and clay particles. The
restoration speed of organic carbon in macroaggregate was faster than that in microaggregate and silt and clay particles. The
proportion of organic carbon in macroaggregate comprised of about 15% of total organic carbon in 0 — 10cm soil layer of
bare land, and the data were between 32% and 42% in other soils. After vegetation restored, the increase of carbon
accumulated in soil macroaggregate , microaggregate and silt and clay particles accounted for 41% —51% , 24% —38% and
20% —31% of total increased carbon, respectively. The water stability of soil aggregates was related to soil organic carbon

content. The higher concentrations of total organic carbon were recorded in the soils with higher aggregate stability.

Key Words: soil aggregate; organic carbon; vegetation restoration; degraded red soil

TIEGHR R T IEIBRN CRE R, TEARKREEEIEN IEEWN - EEZig i, TEAREK
KIS BRI E HERE , BIFH T IR SRR E B B R Tk B3R AE 3 A=y,
FFLBREE AP b RA B EAR " . AT ERIANRE LA VBOKF R A AT LIRS MR R
FETE TR R ERE" . TR SN B R R, X TR RR MR EM AN HEAE
EERW B R ARRTE BRI R A DU S8, BB SR SRR B MR R A N R
BB E BT . DIRE R R IR B A LR R B IR , AR B WK N Bl B+ R
R E R AR E A I TR YR, RELIX B TR AN TIRARE %, SR L ER
MR, ZRER#HT TS K RFESKE SEE T/, B R A4 TEXBA, BA—BB5RAEX
HEEAR 5B R RHAT THRNDY B L@ A EREE, WA E 3R b LR R
T BB, BBRAE T T AL B R HT B R e a4, TR, B ST R B X LR Pk 7
i RSB R ER X RRLER BA B TR RMLIEN BT KR EHH , K L RFERIKE &
BRIRAEIBARYE
1 HRXARE AL

KT B HEHANRE T, R4 116°18" ~116°31', Jh45 25°33" ~25°48" , H I FF RS, FHFE
& 1737mm 4EHS 8 17. 5 ~ 18. 8°C, F ¥ T 5H B 260d, 734 H B A% 1925 h, = 10C4EFR R 4100 ~
4650°C , T AR A 3 , AL o ELER S DU F , 1338 keI LE 3 R BRSO TR BRI R 8 R B L0, Bk
REIR, s A A (R SR IR AR) IR SR R, BUR M 4 = 2 LA T BB AR ( Pinus massoniana ) YA ARFI A TAR
¥, MHERLERBEK IRAXZ —, FEM B R T EEEH, HMERE B, #2003 F£EERAE,
BREUK R R 13587 hm” |, 524 + T ANAYG 46.7% .

E A AE AR R E AU IR ) , 78t BRI E 1 T BAA AR LR B ( Castanea mollissima ) el B
B B (Paspalum notatum) 35 (IEERTH R A B HERAIRR,B B HE , AIRAFMAHLL) FIR Ak EBIKE
FEWESRAR) .

PR E TR, B BHE , iR {UERAZTEN DB/ E & E (Arundinclla setosa) , Th
AR 1981 423G BLUS T MUY, F ¥ W & 10. 95m, P35 742 9. Ocm, HF H] E 90% , [6] 28 AR i ( Schima
superba) , JEAR FFH WAL T (Lespedeza bicolor) . # I A ( Adinandra millettii) \Ji 25 ( Camellia oleifera) % , B A
T LATEE ( Dicranopteris dichotoma)) o5 485 E ¢, R & 1999 SEIGH R TE B, £5 HEE 3, B AR 26
B, IR RBRRERIE A B8, HEE4ERE 2 ~3 K, EFMEHE, Y 10 ~15cm, B EEHR 2000 455
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W, /NI E B, 50 2 FEFEBIE 2 RURE 150kg-hm ™) , BEREZE 95% U b, WEA BN
R BIDEW/NE N KBEAGBF AL ETE ., BN R REET DRMAMTEE, WAEREENF
S BAAFIARRT , B B P42 37. 3em, FIRE 20. Tm, REFPEH 42 25. 3em, PR R 18. 2m, A T E
P ER 0% ERERFEARTE BERMAFHY, EARRFEUEHERNE,
2 RIS

F 2005 4F 4 B TG ML S A BBURE & S A, HE LR EARE, 3 IR E L EAE 3 K
BE,BPBUESD 0 ~5em F1 5 ~ 10em BUFREHE, K/NZYH 20cm x 20cm,

e EF SR IR B, 5 1 3R B AR BRI K 10mm 224 B VR, ZERR BRAE T o T LR T
B R K R B TR 2 AR, YR R v T S K R e R B AR AR o Ak DA RO R A2 G 33K R A B AT
Bt 150pum +3BH 5 , FIREITR 257X (Elementar Vario EL TIT) il € Hik &8, B RABIRRMEREIL
fEHERATRARIE:

L >0.25mm AR EEARECER - 85)
HSR A 2 = >0. 25mm FIR ()

BRI - B2 (GMD) =exp [ Y, (W; x logr,/w,) ] ™

P, WA —-REKBEARKER », W E - REARKTEHER, w ASPIHRNER,
3 GR54H
3.1 FEGIRE X B RIS S R

ARICRF 3 AMEFREP > 0. 25mm KA FI R ) B SRR R 2 . GMD 8 7R B BRARRR B, 45 R 38 K
AR > D EMA > BEREH > RER >#HM(FE 1),

#H 0 ~5cm F1 5 ~ 10cm +ZEE BT >0. 25mm F R G HHL HIBFE B 80% LA L (F 1) , B
JBEBAKREAREEER, >0.25mm AREMN K 12% ~16% , AR EBEIFE L 80% ~85% ,GMD £
/N, 24 0.65mm £, HEERER, DEMK. . BEERARITER 0 ~Scm 1118 >0. 25mm KM F R ik
SRR 2.26 £5.1.57 f5F1 1.37 £5,5 ~ 10cm {2 BIRMRHE) 2. 83 £5.1. 52 570 1. 69 £, B R ik
BN TR 54% ~75% ,GMD FF+Z 0.68 ~0. 82mm, TR A >0. 25mm K REHEFBKSE A Y 40% £
4, EIREREIRE g 47% ~54% ,GMD #94 0. 87mm, FKHI#H >0. 25mm B KT EHAK, K SHBK L,
TSR E S >0. 25mm FIRERRE MR,

3.2 FABIREN A FRAR R RS B IE N

HRIRE BERIN T TEAVRE &, X LIEAFRRBAREKN AR EERGHB YT M, Fb2 ~
Smm B REA RS BIES, HREARRARKWANKR S EH S22 ANREEEIE, 298 0.17% , A
KRG, LAY S B BER N, ARRZBREE RS BIEBRAZEF(F2) . KEARMKE(>0.25mm)
AP S B — S TRE R (0.05 ~0.25mm) ki 5H5%( <0.05mm) L K2 A NERS &, MBI R
#(0.05 ~0.25mm) Bk FRRE ( <0. 05mm) WA PR S B —RET2LMENKRS E,0.25 ~2mm BEKH
BAREA NGRS RS, MRERENA RS ERIR(EF2) .

3.3 HEHHRE A FRLR E R AAE YLk 2 BRI R

B K A RIARA PR AR, 24 & BA VIR 15% , T 2 B AR FUBH R K R L B9 A HLBR 2 o 85% , M8
YK IG5 BAMK . B B R FIAR S i R B R ik (i R A DL A DL HLBIZE O ~ Sem 2433138 m
3 46.71% 44.10% F137.69% ,5 ~10cm + 24> BIHENF] 44. 95% ,32. 40% F133. 66% , Witk B R FH R K
R MUK 5 BB VLR LB 7E O ~ Sem M1 5 ~ 10em +JZ W 435 T BEF] 53. 29% ,55. 90% ,62. 31% F
55.04% .67.60% .66. 34% , WiFERAEMF,0 ~5cm f1 5 ~ 10cm + B KB REGEHIRY 5 LA VLK
47.11% F140.20% (£ 3) . DA 4R FBVIMGIRE RN T KB RE PR YL G SA VLR A, s T
B SRR R BRI HLAR & SA PLBR Y LB
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MERER, TERBREEVRIKEREER, 0DEMA. B EEMABEERE 0 ~5cm 12 13EF
DL R IR ARHET 9. 6 £5.11. 3 F5A1 3. 4 4%, (B X B SRR LAk il B 20 B R ALK 26. 5 15 .34. 8 F5 AN
7.6 £, T BT SR AFIR L SRR DLl B A1 2 R ARHEY 6. 1 45.7. 6 f5H1 2.5 £5;5 ~ 10cm L RHH
AR . 7R INBADLBRYT , 2 41% ~51% fEFF 76 KB RIK T ,24% ~ 38% S 7 7E s Bl R ik v ,20% ~31%
A7 FERPRL SRR

£3 FTRAREKEEARGENBIER(-bm ) RABILHI(%)

Table 3 Reserves and distribution proprortion of organic carbon in different size water-stable aggregates for soil

';‘Eypﬁ;smofg%ﬂ LR (em) >5mm 2 ~5mm 0.25 ~2mm
vegetation Soil depth R B R B R bl
restoration Reserves Proportion Reserves Proportion Reserves Proportion
A CK1 0~5 0.663 6.26 1.378 13.03 2.941 27.80
5~10 0.706 8.40 0.420 5.00 2.245 26.71
RN A 0~5 0.630 7.72 1.051 12.88 2.131 26.11
5~10 0.119 2.42 0.457 9.31 1.633 33.23
BEEMB 0~5 0.339 3.52 3.905 40.58
5~10 0.115 4.94 0.637 27.46
RERE C 0~5 0.152 5.27 0.937 32.42
5~10 0.162 5.79 0.781 27.87
B CK2 0~5 0.021 2.46 0.123 14.39
5~10 0.054 6.72 0.068 8.39
j 0.05 ~0.25mm <0.05mm
;ﬁy"%ﬁﬁiiﬁ"“ iiﬁgim) R B R ]
restoration Reserves Proportion Reserves Proportion
A CK1 0~5 2.885 27.27 2.711 25.63
5~10 3.000 35.69 2.034 24.20
RN A 0~5 2.201 26.96 2.149 26.33
5~10 1.279 26.03 1.425 29.01
BEEMB 0~5 3.229 33.55 2.151 22.35
5~10 0.851 36.71 0.716 30.89
RERE C 0~5 0.868 30.03 0.933 32.28
5~10 0.838 29.91 1.020 36.43
B CK2 0~5 0.362 42.44 0.347 40.73
5~10 0.282 34.85 0.405 50.04

CK1; second forest; A: Pinus massoniana plantation forest; B Paspalum notatum Flugge grassland; C: Castanea mollissima plantation; CK2 ; Bare

land

4 g
4.1 FEPIREN B REA IS B S 010 B
Bty TR Z R i, F b SR YIERS 06, AR ARG S 'L B ER . HERE)E , AR
RRIREA YRS &R B R, W 0.25 ~2mm BIREKAYBRS BRER, X5 DR FENREV RS
Bk, REREAHRSE—BETLLOENBRSR, REKEARETEIBREAS —EHERMER""",
B REA YIRS BIET KB REK , BOAA IR R B R B EZ RSN R, BP0 T SRR P T
FEL IS5 T B TR, S TRk 5 R B A T B B R R 2 A LR T R B Rk [ 72 R
SRR I T BORA LR A48 , R BRI , AT B AR, N T i A HLER 3 B A
TR - R R YU A BRI . 7R IKI RS , KA R A YUk 8 3% R B R
TP SRR FR LSRR LB B IEIE (3R 3) , BB I A9 B VT RE & 5 tH BRAE B SR pAk e, BRI T 3 A
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1 AREFEIBRSELES DRI RRRR

Fig.1 Relationship between SOC content and C distribution ratio of different size aggregates

T REAREFE BRI LG, Gale F-HRUH IR A KA YUK E SEH BAE KB , K BRI T B
S HRER SRR [ R SR A AL 0 B 5T A R SR AT DB T R SR A LBk L
TSI T KB R PR BE LB . XA [RURLAR B B SR A LBk 23 BE bu 9] 5 3 WL Bk & B EAT A SR 2
B, KB <0.05mm EPRL SRR Lk BL LS HRA VRS BE BE AR REECR, M >0. 25mm
REIREE YR BG5S AR S BA BEN N RERR (A 1), RUEERIKE SR, 1A
PLas S BRI, 87 T A YU & B SOC I R R T 1AL & B R R R BRI . FER
A U & BN, KBTS R SRR ks S RERL AP A DLk 73 B LU I TP 4 (1 1) , HR HLB T
REIRBIALIRES

T TRk Y B DU R MR B A HLBREE AR B3840, S TR ik 45 6 W7 WL R T8 4312 b 8
JEREAL R PE T 4R, B BB RS , B8 T A DB S I B B 8 TR BT R A xR
PR S BB L AR th R, SR IR G S A VLR L S MBI RIKG A AR ES ! . A5
Frep, B B ORISR B9 A DLBR & SR HLBREY LU 15% 26, Ttk B SR PR v B 8 DLBR Rk L S R 45 B
A B LB 53 3 34% ~42% 71 40% ~50% , 32 HI7E TR MUR Ak 78 v R B R AR A DL SE B 23k
IR, TSR T , S R AR LA ROK R 5 MR DBk B 20 BRI 2.3 ~ 7. 6 4%, IXFR 7 T3
FA HLBORE B K Y 1 AL 5 T K B SRR BILAR LL 1138 , o T R BT SRR HLk LU R AR LB E 55
BREY 73 % , FE LSRN I 1R PO 23 SR B3R 2 7 - (AL D R SR, X T30 78 19 R kB Ak i B IR R R R
4.2 MEPRESE S AR SBRERENRXR

AR S B SR REBIFRE BERAMERKR (K 2) , KU LA PIBRR IR RE1R = LA Rk
MR ENE, TRAVIRRIP M IR R LRV R, Bt R IR R T ARS8 R T
TIRPIRAEEITE R, AT T 138 RN R E . HRARBHRESEBZ RSN RIFARK R
W, AR SN RET N BSAR SR =R B (EZE2EH) e (R EEEZ e,
W) AN (SENERAE TR E B RN ZRRBEIRM R EY) ™ BEREBIAY
RARER EEIR B TR AN FRER , tAF7E — LEp it 59 4 5, T K 1 58 e T i o i ) MR B A PR B 5 7 —
A R ARER A PR FA OU R R SR AR R b, T BB K B R R E . B
HFAUREAR ST, R R AR 72 0 RARTY Bt 2 LB o 3 S, ToHL e e dn
BREE ALY LU PR B B R 2 T R AT T R SR, R R T R S SRR T R E B
— B e R IR E A (R ERIE B 23) , B IURRIHER B, A SN R TR
JBBRET AR IR IR, R TS E AR, B E B EM 0 ~ Sem HIEAVRS BANBRE LEA VRS
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B0 3 4, E-LHER R ARUE AL, T RRAMARI B o |
WM B, A HLR AR B, TR R B A o
PR BRSO B R R R P — 4R é o
WA B EREHA RN RO GE 2 o *
*, HiHRERE SRR, DRARKRERESHE 25
WRBA X, FARRWRERUEMEEIA TR &3 )
It AR PR ARG RIR DL M 2 2|
TR MERKR KR, MO RAR S REMERN  ° | | |
WA TR BRI, BLRS T /K 03RRI , B S B K 1 20 30

WE S EB R, TR T B RENRE®
B, PR L R, R HRAE I RA 8
55, A BT /K Rt B SR R B T2 B, DA TG 34 3 = 49 4 7T o
P, Bl THIRRKEBONR R, BEAMB LR,
TR M GE SRR LSRN B, AR T IR
AU PR R RS2 P A SRR BT B

5 #ig

TREIBRA R
Soil organic C content (gkg™)

2 EARTIRSESEREBIRERRRR

aggregates breakdown

Fig.2 Relationship between soil organic carbon content and ratio of

FRH R B SRR RRE AR B A1, ML IR S5 R B SR AR AR e i B i, > 0. 25 mm /K AR P SRR & B 2

BAEY 1.5 ~2. 8 7%, MHEBREUE T ERAREAIRS &, B SR REG IS BEAML, HBIK
2E, KRAREEVBE B—BRE T2 AVBE ], TR RE R R YUk S 8 — B T2 A
B &, KA AR EA — SN ERIER . MBI T REAREPAIRS I L], KB REE
HLAS PR S B ER T Aol A SR A Ry S5 e R LB B WK SR 2, TS R A DLBR ) 41% ~ 51% 7 7E KM
RAE,24% ~38% WA EMEI R T ,20% ~31% EFFER R KRR . BIRERRENES IRAYIBRE &
WK, PR R ATHE T HIAVUREIRE , AR ZE T I RREITE A, 121 T BI R AR, SRR
AR, DA PUS BER, DRARAROKRERE G, B, EREMETESKREN, B8 Y
i T BN AR DU AR P R BORS B I 2 K B Tk AR i B SR R B T R 58 T
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