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Effect of soil organic carbon on aggregate stability after vegetative

restoration on severely eroded red soil

PENG Xin-Hua, ZHANG Bin ’ ZHAO Qi-GUD {Laboratory of Material Cycling in Pedosphere, Institute
of Soil Science, Chinese Academy of Sciences. Nanjing 210008,China). Acta Ecologica Sinica, 2003,23(10):2176~
2183.

Abstract; Vegetation restoration is an effective measure to restore physical stability in severely degraded
soil through organic matter deposition. However, the effectiveness of different plants in restoring the
structural stability of soil is not well understood. The objectives of the current study were (1) to measure
soil aggregate stability under different types of restorative vegetation and (2) to determine the relationship
between soil organic matter and soil aggregate stability. Soil samples were derived from a long-term
experiment; (1) severely eroded bare land; (2) severely eroded land planted with Camphor trees
( Cinnamomum camphora), a common deciduous tree in China; (3) severely eroded land planted with
Lespedeza shrub (Lespedeza bicolor), a legume often grown for soil improvement; (4) one undisturbed
soil with 30~40 year old Masson pine forest (Pinus massoniana); and (5) a vegetable garden reclaimed

since 1987 receiving 30 t/hm? of pig manure annually.
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The Le Bissonnais” method was applied to simulate the breakdown mechanisms of slaking in fast
wetting, differential swelling in slow wetting, and mechanical breakdown by wet stirring. The aggregate
stability index. normalized mean weight diameter (NMWID), indicated that the fast wetting caused the
most severe disruption to aggregates. The NMWD in the fast wetting treatment ranked in the order of
Masson pine >> vegetable garden > Lespedeza > Camphor trees, eroded hareland. The NMWD order in
the wet stirring treatment was vegetable garden, Masson pine >> eroded bareland > Camphor trees >
Lespedeza. However, there is no significant difference as affected by restorative vegetations in slow
wetting. The organic carbon content in aggregates was sigmficantly related to the NMWD in the fast
wetting treatment (»=90. 82" ") and wet stirring treatments (r=90. 66" ). The larger slaked aggregate size
had higher organic carbon content and C/N ratio after wetting treatment, indicating that young organic
matter improved aggregaie stability because C/N ratio was regarded as the degree of decomposition of
organic matter. The results suggest that restorative vegetation promotes soil structure formation and soil
aggregate stability due to the deposition of soil organic matter.

Key words:soil degradation;vegetation restoration;soil organic carbonjaggregate stability

XERE.1000-0933(2003>10-2176-08 ch MBS B .Q142. 3,Q948,5181 X #iRiIA#E A

B L AR R R AR, R LR Y M4 AR R X R B aEEY - REAEHG
WEH 113 F km®, B @M E B & 229,35 25 05 km?. Q004K + B % , B X MK + 3R 08 , B 6 1
HEEED, L MERBAR L REEREEN SR — , B0 B 45 (0 5 5076 + 0 B R R o % A
LLERRAEBERETRE.
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1.1 HEgER
AR FIAMENRETEHBEEONESEHRY, tHAAABEREGE . (DN ERE

BB (OH IB7TEFEAEBHRBN A TKER R A F (Lespedeza bicolor) A F ik B
(Cinnamomum camphora) Wk # ; (3)30~40a P § 8 3 B 5 B #2 (Pinus massoniana) , B iZ b X B BRI 9K ; (4)
RARSREMLE 1987 ENFR AR, JEIEB M N 3000 kg/(hm® » a),
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BRI MEATFENLAF L. SEXELRIAEZL RTHBLRL MEBEFELRRETLR
FTEHL., Ly BERURKLAE,

1.3 TRAFEKBEHOETE
1-3.1 THESOEE BREAFFAER - HXBREZLMO~5m). BXHEAREHELRRER

A B HRAR LS RXBERT, YL RSKRABERE, AFER LG A RAWEE K, TR
BB 2~3 mm 1 3~5mm WHE &K, LRAEARBERE OCHBMAM 24 h FAREK LRI KE—
B, ¥ Le Bissonnais S , AREBZ T RFRBEEELE. AATHREARIKEE TR,

1.3.2 BiEAeE 481 RFEEE Ho e HEABRERSE SOml BT AN 250 ml BHF.BH
10min J5 BB EIL KR M.

MFE 2 BHERE Mg AREBRERSE SOm! 5% ERFM 250 ml BHEFHEHARBAZI, B
10min JE BB ERBEHRME. IELHBEAESE 50ml ZHFKH 250 ml XM P RIFIKE 200 ml,
AR EEEEHRER . LTEE 20K, E 30mn fFRSFBAEAIE. AREREZREK.

ShE 3 BB Se A EEHEKR TN —0.3kPa BIEL L, 88 30min (4 38 IR b B 7 T K0T

D FEHRET B,
1.3.3 HRARERAISE HREEHALENIRBIREE SHEE DK 50um fL2H F4, £ B K
PLETRE 0KGEE 2 RFEBTFRASE OCTH 10~ 20min EHHFRRZT UL REH LK
BPRACHRSHENSBET BHEEAKRBIMHE OCTH TR . KT, HH T L8E T —-HABKKR 3
mm,2 mm.l mm,0. 5 mm.0. 25 mm.0. 1 mm F 0. 05 mm BWFF.HAEBSIAETNEMNBEFARK.

1.3.4 HBLAHE HTHEAEHNSHARENEES.SIHBRRELFIUBRER(NMWD).,

NMWD = MWD (1)

Pmax " Pmin

B ro NBEXTERFILR i PR FZE. MWD R REREH R ELRAN.

Pie1 7
2

Hp,r BE i MREFABR M) vo=rvru=rvvm BE A HTFORBAREKERA S, HELFS
YBREBRNMWD RURAREKBRERN —AHB, REKE X REREER ).

RTUHEARBHELGBAE . RSB RSDMANT LR RSB (RMI) ,

MW Dgy — MW Dpy
MW Dy

MW Dgy, — MW Dy
MW Dy

Hp , MWD 518 EBHEE MWD , MWD REB K MWD, MWDys B BEREH MWD, REAR
R R R IR R R A AR AR T AL R R R R R A R AR S0 . HsAEERm
THREHEFROBRET ARFSKZEMERAREST . HOVIRBEREEEN BT R®ITEH.
P BETSSRAERTREBEEB TS, ML E AR B, KB R,
1.4 HREMEHERNE R

HULBR R A RN AL, 2B RAENEINRE LHERRAR O AR RAREL BHE
BEAYFEHER- EREE, AT B o EARRARE RERA KGR TR E KO, B0k
H 65 3 3 5E Fe,Os . ML EDTA BB EME ALO;.
2 &R
2.1 BALLREAKER IR ARERAEL

BB AEFEEARASENFENERBE . L HANKIR. 2N MARESEF HE R
BWERD., 5SEMERAHE. SEFARMLETANRSENNT S FL2. 2R BBRTIE 2 15, LR
BESWNRBT %A 12% . 2B TRREGNMEEA . ALRSBEOLLERLRARET 1.5/, 118

et
MWD = ]
]

RSI = X 100 (3)

RMI = X 100 (4)
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EERET %, HEKER oHEBAARHBRER M oH i, RE P H T AR 2RI (pH:
4.6~5.4),
1 BRIMABRKEE MR EER

Table 1 Some soll properties of degraded soils after vegetation restoration

g A T T K,0 FesO0s  ALO: Ak X LR

L

Vegetation (Ejrl:) (ES/:::E} (:ji:)(g ‘kg) (g/kg) (g/kg)d O:Ejl::)c -I(‘::ilglj C/N POI‘;ESI'L}T (H,Q)
K #b Vegetable garden 194 345 461 12.8 48.4  130.3 19. 27 1.88 10.3 54 6. 2
LR # Masson pine 90 456 454 12.6 58.4  152.86 12. 49 .02 12.2 49 5.0
#MH T Lespedeza 183 314 503 20.1 86.8 179.6 7. 94 0.73 10.9 55 5.4
##& B Camphor trees 138 340 522 16.2 75.6 177. 9 7. 63 0.79 9.7 60 4. 6
## Eroded bareland 164 294 542 15.6 72.7  179.7 1. 39 0. 41 3.4 48 5.0

2.2 AREFEANTHREASBERER 4

3~5mm AREERFBFENLR TERANRESZERLALHGME 1 Fix. SREH . AREERRH
BULWLET . AREREBERR. R R 42 B A M R R BB X, JE <3 mm B8y H )
>40% BB LB T, <3 mm HEERREBE<AKU T MERESHLRTILFAFERARRE, <3
mm AEEBREMN <Y, HEXPNLBABFIGNERARE2ANEWNEERAEREHLA
h, RN XRM FAEFHERD >3 on AFRKBRAEI AR R56%.52% 41 % 18% . H H
WHR17% . RHEHDEMN KRB AARFZANERBEES/N TR, TRMNERRERS KO EBBE AL
B8,

—— ¥R —~- SRR ~—WHT

60 - Vegetable garden ~ Masson pine Lespedeza
- .. —v— M —— Rk
40 - ., Camphor trees Eroded bareland BB Fast wetting
:.E 20 ,: ' anans
E 0 i ' i i i j
2810
g‘g 75 |- B HEME Wet stirring
22 50
g i
25 |-
£ 3
» g 0 st s lfmsnsstii B
2 100 -
4 75 . 928 H Slow wetting
(7]
30 -
25 -
0 N '

: —o——o =
>30 3.0~20 20~1.0 1.0~05 0.5~0.25025~0.1 0.1~0.05 <0.05
WHFAMAE A/ Slaked aggregates size{mm)

Bl AREBNHMT I~ mmAREBEEEERE A

Fig.1 Distribution of slaked aggregates of 3~5 mm aggregates under different wetting treatments

2.3 WHHAREPFAHIRSYERNC/N EayEL

3I~5mm BIRARFEEELEORR D UFAREPEIRIBRIC/N LE 2 fin. @
B+ RANKSBARBRX/PNER MACABEPEIURS B AR DIREMR. FLBE>S
mm BFHRARFHANMRIBEXZRIE IMLERMENBHE /DT EHEM. I H>3 mm BEEHREK
FHRERERTARIBNENKSIEGE D, A2 ERVRRAREAN CO/N HEAEHARKE PRNS
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MmN Y . BREAXESLMAMRERM S C/
N o 7E A Rl R/ e 4 22 18] 3 R R 45— B
2.4 ARBEARKREN
EIRARHEVNHLED ARERBEELEEA
g E THECEENH<EBHEHER<ZEREM
(E 3, thEBHELHEG . SRR 2~3 mm F
BIABERREE LK TF 3~5 mm AREWP<0.05), &~
FlE B KR T + R &R E iR R NMWD K/ R
K DR ST >R R, R
SuBE . EBEdlER . XEN. SRR >HRT >
> T. ZERRELEE BT RE KR EN
HE HEARKEEETHEARKBERERA
AB(P>0.05), ERHERGNEBEHIE P .2~3
mm ARENEEHRBERT 3~5 mm AREKKME
EE(P<T0.05),
2.5 EWARAREEMER
F2AXRFBEEIBT A UK. % Fe,O; HITE

e T = B % I ¥
(= - -
rrr 1T 111

Organic C content

HHRS B (2/ke)

ot b p—
I - - - = I
1 1

C/N ratio

LI B N A [N A [N N N A |

>3.0 20~1.0 05~025 0.1-0.05
3.0~20 1.0~0.5 0.25~0.1
BHEFRE X/ Slaked aggregates size(mm)
— ¥ ~—nER KT
Vegetable garden Masgson pine Lespedeza
Camphor trees Eroded barcland

4 e . T

M2 HKSEMC/NHE I~ mm ARKRER
ATHEAREREKPOTA

Fig. 2 Distributions of organic C content and C/N

#ALO, 5 RABEEMNEREXR. HEREBARRE ratio in slaked aggregates of 3~5 mm aggregates under

BHABERF T IRARABELSFIKSEE
BEMNTEHXLGC=0.82+, r=0.66+ ). (BERFERET

fast wetting treatment

;2 i []2~3mm 3~5mm
| Ab  Ap A2 g, B ¥ Fast wetting
_ 06 Ac  Ac Ad
E 04| Ac  aAd Bd
y 0.2 |
% 0 1 ' 1
_ 10 At g Ar o S M Wet stirring
4 08} Ad Ac Bd Ab  Bec
g osf = DBe
0.4 |-
0.2 |
ﬁ 0 ] | i ]
W 10 R EH Slow wetting
® | _As g, Asb g Asb gy Ab gy  Asd gy
& 08|
%‘ 0.6 [
0.4 |
02}
0 1 i 1 L |
iz BT Wi
Vegetable garden o R Lespedeza e Eroded bareland
Masson pine Camphor trees

B3 ARERENASNTHEXEZARERES

Fig.3 Aggregate stability as affected by vegetation restoration under different wetting treatments

FEAXEFHERERZBHEEFKE. ARNEFHERKEMEZ M) 4 8 % KF,P<0. 05 Different capital

letters indicate the significant difference at P<C0. 05 among aggregate sizes and different small letters indicate the

significant difference at P<{0. 05 among vegetation restoration
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EBEHEH(r=0.22), EH Fe,0, Sthiigidfl X2 FRAUBNHTHAR.FHE Fe:0; HFHH ALO T

EHES THEHRBREHOLERENTIHX (= BREBREEGELEEAXRE (=10
0.88 % % ,r=0.83* %), MEH ALO, 54 A Ag Table2 Linear relationship coefficient between organic C.,

BHH THREREHBI LB EMEMT. active Fe,O; and active Al;O, and aggregate stabHities under
3 4R ﬁ ORI ME RN N & different wetting treatments (n==10)

35 T3 0 4 LB B 1 K AR B AL wm R e .

AMLRB P E R ERE. ER—MEEEN T e ek (g/kg)

A Wy 4R 22 JA] %) A X AL 45 2800 A8 X B B R 4 Eﬁﬁfﬁw 0. 82" * 0. 88" * —0. 24

HERAHBMESR. BIERG 0. 66 0.83*" —0.01

3 i R E B 0. 22 0.13 —0. 32

BHREHEBEKEAGREAANERET L 2, x » RBRBEKEN IR P<0.05 M P<0.01.
WA BLEK S O B L MR KA R R o significant level at £ < 0.05 and P < 0.01,
HESHES. BRASREREEREHER respf.:ctwely; (I Fast wetting, @ Wet stirring, @ Slow
AN S BRI R G ATRE,

WEAEH BN/ NEABANREABEABRAESR 23 FTAKEHHETEHAREKIEXNIMERBRSDHA
MEEHH. C/NhTHEGADNIBEG TR AFLRERENRMD

AUERENDSEBEEN—1H50Y, C/N HE Table 3  Relative slaking index (RS7) and relative
5 Wk B H B KO8 4% B0 R f]\ﬁﬁﬁ ﬁrﬁﬂﬂﬁ;’(ﬂ‘]m x mechanical breakdown index (RMJ7) of aggregates under
FESRBERNANESS T HEAREAR, MK

different vegetation restoration

1 B RSI (%) RMI (%)
MIARGMERRABRBERBIEIREEM . vegetation 2~3 mm  3~5 mm  2~3 mm 3~5 mm
X5 PUgEtEEJ%ﬁiﬂﬁﬁEﬂ@ﬂﬁﬁﬁﬂfﬁﬂlﬁﬁ R 35 33 4 3
ER/PPARANGER B . MEXEBAOHEL D, DER? 25 28 3 6
C/N HAFHBERAREEE A/ TEk. X@+ HETFC 46 46 21 28

B 59 59 16 19
Wip® 55 57 13 15

(D Vegetable garden, 2 Masson pine, @ Lespedeza, (D
Camphor trees,BEroded bareland

RESEARPHAREHERMEENLRER T
AR TEHWRANEREAR K PAREKZ
MEREAS BB BAREERPENLEBZ5T .,
LR EFERAY., THKREDS&BEALD T
VGBS TR S S E AR R&C], RRGE T RW + AMAREE RN EEH M,

EHRAKENRBES T RAREBENBUEX B EEEEHEXUNR . XE b L WH LKk
SEBEA . BERAFERR MEIBRART I RARARA L BB E. oI LA FHKE MR B SRR
EATAREKNBER . HPERERETERRAE. RESRANEE DR D, BN EBK (30
~402), AT EELHMNMBARTHREWN AR 12.49g/kg), HEARH AR ERBAEHASEHE KLY
FLHBTAMBHEEE" , SBRAREABEEZEEN AT HEHAREES. REIELRTER
FERAMERAREABRAEINEN. h FHAIRNAREMRERAERS L IMSRABEEEHRT
. HN RO TRERAEENAHNEEA. TRARKEBEHEN TREEITRESE X, ZEHER
M. MEFEYRS . BEREWABEERBERR 1 500~2 500 kg/¢hm? « )V, + W EPLRKE R
HHERAREKREERF B (P<0.05),

FRAEREELISZTLRMANFEMELEYERENER. REBHFEERATHRANGLIKEN
GEREMESERIIRI WSS ZERBTHAER, EX KR - ER T, G B oL R R vtk 38
MEIERRE. ST LA TTFERESAEENILBERAUY. AMEREZSEHLBAPKIRIHES
SESHBEEEEsSWRY. AREREBHE T . REHEXKERANMRIESITER . AREHAR
RBREHREMERENEBER TR, IBRERA HREABERZ AAHEMSE TR A EHRARE
MEWER, BMREBEPHE_HPRAX B " TRAARERNREREER B, ATTE
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BERGAHE T IEESAOHEFRER T IRARABRESRAL L E BB " HBMER, T
B =R R EAREIBERENRE. ATMSRRELE P ARKEME FToEREBER
ERAMB. FAANBRER S SN SRR TRREETHERMSRAR. X2 H AT
R T LR 1 MR LN T I EREE AR,

ARRENARABEREESER., SAARKEL . IBREMNTRE N HEHET K. AR
EEED, MTRIOHAREKNRAXRTRANARES SR PMARENEBELS FAARGNRE
H,
4 #ip

- 150 A LSS S LI SR AR R L B R0 B0 ML X A R R 4 B L/ L B
WEAR, SNt EERES  TRARAR TN S AERRNMATEERATNS . REBNEAR
EEREEENNS  AREBEXAA D NBEFFMBAFROAIRE N AR R, By
L KENFENDRR T MARKR TR B S, A FRHEIKE S AR R TR B , %5
MAETLRERERILEESEEYRENEATEEE TAURNBRERERNER. LI
B RABHIEARGNH TERAB R E BEMERX, 15 Fe,0, MR H +t MARKBEHY
HEEREE. BUfENENBEIRSILAN L EEHNENERRSER— S 5iTHEE,
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