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N : PTEARARMERH R, (4) LIESHREBA I RS 5 20 L AR A L
. EREHIRAC  NZ R FIEMS; BEREA LS PIERIRC - PR FIEME; WX
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TEA R AR RN ESRGE TR
SRR EMEE TR, BoE2ECE,
HEGWEITR (C) 5REMEITR (N, P) Z
5] 4 3 A7 56 2R LA K A A5 B 48 28 LR R R B A
P Y . WY . IR E S R
SPEER . SRR B [ DL SRR B A S A
PEVE . HEEN AN ERES RS, T
k. A, BETREMYAERKELNIRSRE, &
B AEAE A RDRLAR AN R AR Y, A AR KT 1T 2R Ak 7
3R SIEA MM AR AN, HAT, T
PR BL T R AARBIE 5T LB R ARTE AL . Ao 1
FA TR AE R L 7Y, K i
I R AR . A BN ERE RS
FHXTEE D

F T b 3 PR B D) KA B B SR R S e, e A
FIT ELK 32 DX A TR 7 BT A6 5 e 21 484
BARGN55 XA AR . BE N BES: ke 1L 4R b
I3, EIEPUMEN 2%, HAOKPAIERE IR, A
B0 A SR R o TR, LA 6 17 A 7 5 ) £
B g A, R YRR B SRR R SR A
i 0 MR RS S B E N E B,
TEL W ERREE, HANEIRE SRR KD
PRIXE , R PN AR w5 R 52 it A o P 2 28K A o 7
FEE T, H20M 804N LI, %M IX A&
BRI TAH AR St — R A DL - - BRI AR AR i, &
H30ZFWE , XA S E AR % . MK
2 IR T B0 o 2T 8 v Bl ORI DT R A A
AVRZIW R, 8 5 AR S 2R T R RRE AT R AR 1%
DX FE PG PR RRAE . BT, C A 273 & XA K
SR SRRl 0 DR A AR
GHAT R R G R ETE, 4 A R AR Dy I JR A BE
Fe U A X WK B AR it A - 3 P 3R A
W, AL W HAR TR AR R M . B,
ASCE T 2 S, D KT B R
Toft R 1 21 DX e A [ R K 52 4 IR A2 ol 355 b, Ay F 5
PG, PR B K 52 3 A b AS IR R AR AT SR A A AL
B . A E A i AR SO A S A T R R,
O3 TR B K 2 5 4= Tl 2T 38 P SR A 5 oAk 2 1 it R AR
MIOCHR, X T8 LA 1k DX AE Bl 52 o 78 vp - 3
PR R . AL BT G 2R DL S A B A SR ARk i
AT DR EEERER X, S RN
ST XA R SR AOCR S BE BB K

1 bR

1.1 HREBR

L0 P (VAR Tl T SO = SR T 2 7 N7 SR e
i (116° 237 30”7 —116° 30’ 30” E,
25° 38’ 15”7 —25° 42’ 55" N) , J@$hWAAs
75 KR A, AFEARR18.5 °C, AEYFEW &
1 710 mm, 4E¥ZEEE]T 403 mm, FHTHEY
260 d, KT T 10 CRUR4 100 ~4 650 °C, +I%
AR L) L1z Bl e S oML AR 5 e XU & B L)
CILME. RMPELEh 3, AR E R, PuihiE
W2z TR RO A TR, Ak
AR 3 B Hb Ay P AR A B R, LS
A ( Pinus massoniana Lamb. ) IREMREZER. H
20 8OAEAR IR, 58 R BRI AR A= 28 (AK)
TR B E AR, TEfR B ST By |,
#ME AT ( Schima superba Gardn.et Champ. ) .
WA (Liquidambar formosana Hance.) . HIH
F (Lespedeza bicolor Turcz.) 5% LM, 4
T M4 ( Paspalum wettsteinii Hackel. ) .
FHREL ( Vetoveria zizanioides Linn. ) N H B &
( Paspalum natatu Flugge. ) ZFXARIGEY)

FE 4 T A1 ) A 0 SR A b, AR i R P R AR
FeVE R RN, 2 Rl R BRI ST M A A 2R IR
R, HECRIAHM (0 a) /ERXTIE, YKEAFFL 5
BHS5a. 10 a, 15a, 30 all &80 a (iZFEHLNIK
AR, W Z55570~90 a, FHIH80 a) , dhitekb
W RIRE b, BRYKE 80 akE AL, LAY SN i 7E AR
PRE AT, TR AL S, TIEAER R
R, BEEEALRS ~10 em, HIE &K/, R MR
FCH B BIARL. Ria B (K0 a) BA
JLTAERS ] AR IR, L3R R ARSR#R &R, A Bk Fs
ML WK E, BEEME; WKES akE I
BRI RREE , IR, MR LIS R . AR
T ARy 3 10 afills atf iR H
HE S, MEYWIREES N H0~3 cm, 0~5 cm,
YR LS By . M (Dalbergia hupeana
Hance.) . T=H ( Dicranopteris dichotoma
( Thunb. ) Bernh.) . 43 ( Eulalia speciosa) .
HAITE ( Miscanthus floridulus ( Labill. ) Warb. )
R RE30 abE AR T AR D, YR B
3~8 cm, HHYBHEULZA ., GEMR . AR F -
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C I 55 4

HomF; WES0 atfi R N /INRFE AR L, LY
JEREE3~10 cm, MYBELL L ENR . W&, MiEE

2% ( Magnolia grandiflora Linn.) 5583, &£
FEARIRALPE T LR 1,

Rl FRMREFREMERRR

Table 1 Basic situations of six plots different in restoration history
RS A R K Rz Y k1 Slope . LW 2 2 BH KA
Restoration Altitude Slope aspect PR Average Vegetation Bulk density moisture
year/a /m gradient/°® /° plant height/m coverage/% / (grem™) content/%
0 376 13 SW30 1.5 25 1.46 8.1
5 388 25 NW30 1.8 80 1.33 7.36
10 330 15 SE18 2.3 90 1.53 8.0
15 320 20 SE16 3.2 90 1.54 7.24
30 329 25 SW40 10.5 95 1.53 7.76
80 329 17 W10 15 98 1.49 9.65
W52 4 4L 28 St
Restoration pH SOC Total N Total P C:N C:P N:P
year/a / (gkeg™) / (gkeg™) / (gkg)
0 4.76 2.77 0.58 0.050 4.80 54.86 11.44
5 4.65 4.75 0.66 0.058 7.20 82.07 11.40
10 4.48 5.46 0.66 0.077 8.26 71.19 8.62
15 4.46 6.57 0.73 0.106 8.99 62.04 6.90
30 4.37 7.53 0.81 0.116 9.27 64.71 6.98
80 4.44 14.82 1.47 0.129 10.10 114.66 11.35

. SW: Vimg; NW: P4db; SE: ZFd; W: V4§ Note: SW: Southwest; NW: Northwest; SE: Southeast; W: West

1.2 HEREESNE

201548 H L AJEATHY AN & 5 oRBE, R P
R R LRGBS, REERTISK, KX
VI RMZ =3, [RIE23 ~36°CZIH, 18
FEASFEHL IR 3120 mx 20 mIYFRIERE DT, AH
R HIFEZY 10 m, EAE S AT IRE T . K
TrWFR ST B BRCE S RFER, JF/r0~20 cm
20 ~40 cmW >+ 2 RE R M, F—+ 2
IS RS RIRAEAINE R &N, It
KAEFAREFE360 . FOR EAEEE N AR KT
JG, WWHRGSHWZREMRERAL cmiy/hEH,
bR LAWK . SRS, RIS, B
Sz — ke, T BRI E, FA
49 D R A SR FH VD 5 4 5 T 0 3k 43 >S5 mm
2~5mm, 1~2 mm, 0.5~1 mm, 0.25~0.5
mm., <0.25 mm Lo +IEFRKA LG, 777
WFEE5£0.149 mmiii, H TAH LK. A M2

W o

TR E RN TIENE; LHESKER
HmaEst e, HifEpH#EK 2.5 15RH
STARTER 300 4% X % B 3+ o . 1 HE P 2R Ak
A HURK A1 4 ZOR ik 2 oC £ /- i ( Elemantar
vario MAX, fE[E ) M2 ; 2B HER- & RN &
FEAS Kt i, B EORE I S SR HH 3% 2 3l o AT A
( Skalar san™", faf 2% ) ME
1.3 HEREBSHH

THEBALL (C:N) | BB (C:P) FIA
Wtk (N P) P RHBETE L. FdEZExcel 2003
WIS, it R FHSPSS 19.0i617, RH
AN E )7 208 (One-Way ANOVA ) i & A [l 1%
AR IR RAR IR R R 2= T i AR AR R AE W
PERL S R FDuncan & i 257k (W MK
a=0.05) , FlfHPearson 3¢ REIEHr 445 A1 Rk
Feor M AL R AR Z A OC R B, PRI il A
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it Origin 9.05¢ WL, EIFREHRE I LIV (E + brifi 2
FoRo

2z R

2.1 HEHEREIETIEARKFELSSET L

BB A RELSMEWKE 5, HHERAR
P i 5 0 i L AN R R B B . Fl TR LT
A, R REA UK . RS Ak
Fil 20 42.06 ~27.71 g-kg™. 0.50~2.12 g-kg 'l
0.034~0.189 g'kg o FHR B RIKGHK ., A
G Wl B i AR B I A R A A B 3 o 2
HahE e B RARAE N, AP, R4
B R LRI A

0~20 cm T2, TEAEMIKE IR, &S RH
VA SR A I ik 25 1 3 B hy i 25 Pk 52 A B A 4 m 22
BEFE G, BKE80 alf, &ARifEH RIK
A HURR & BN T 4.9345% ~ 6.271% . A HLAR S it
B P 3R A A2 /N 36 30 3 Ry e (BRI
0 a FhiAA HLIAR AR B AN, HAl Rl A AERR Y
B, ARLAR A ALK S ok R R ),
H1<0.25 mmbiAR A HLEK & 2>5 mmAiiE Y 1.66
i ~ 33145, PIRAK SR & w IR R I R BEAH B K 52
AEFRIG IR Rk, Hrp K80 a @KL 0 all
2.444% ~ 3.424% . BRIKIZ0 aflls a A& B HEk AR
U/ INTATIG AN S 2 40, LA A PR AT SR A A L ik 2
FEI M BE R R/ N AR S (P<0.05) .
R R R 2T, A KN
NZEH K80 a>30a>15a>10a>0a>5a, [T
PRAZHTLS alf) 4 W 2 i iR G0/ A8 A6 A B i Ak
(P>0.05) , HoAh A BR A5 45 P 58 44 4l 15 12 0 i
R NI A G I #, Hod< 0.25 mmbife F R
R AwE S B E T>1 mmbifg (P<0.05) .

20~40 cm T2 IRZ B B W, +
BRI RIEA IR . AT ETFE S RZ0~20
em AL, H B 5 /N RS N B AR TR,
0~20 cm = 2 Y P R 4 5 B JR I 55 F20~40 cm
HE, SHEBRIEFRHNRZ EERE. WE R
15 a5 R g A SR AAAT BILAs 75k B A7 PR3 n g G f
B (P>0.05) , MKE30 afl80 alll &P i & 1
RaF 2R AL 1 i R A% 8 /0N T S 2 8 0
(E0 abRsh) o BIREP RS &R NE

TR T PR (K30 aZ i) TR B 25
(P>0.05) , KA SO 2 1 2 =y ¥, FEBLIK
S, SRR R e AR 2R, A
AL K/NF A 80 a >10 a >30 a >152a >0 a >5 a,
WKL A2 D/ NG A B 1 WA T, (DRI ) )
#5% (P>0.05) .
2.2 HEHEREIETIEARKESLFITEHE
M EI2RT 0, REREIK A it R v, A R0 AR A R A
C @ NZEALTE Bl }93.06 ~ 13.05, FliAE Bl 1% 5 4F BR 14
i, ARC - NSRS T m s, Bl AR I A
I EREIE S . 0~20 cm T2, HIRIAC @ NZB
IEE 4,49 ~13.05, BVKEAERRIE N, 5 khite
C: NEBFEFAmES, FIRE0 afif, C: NFHE
T 1.844% ~ 2.321% . HERIRMKARW /N, € NER
FIEaH (P<0.05) , Hr<0.25 mmbifEHC:N
E>5 mmbiAR I 1.2445~1.864% . HIXFF0~20 cm
+JZ, 20~40 cm L ZWHERIAC - NERL, 7F
3.06 ~ 11722 0], FEAEREIREZ i fer, HIZRIARC N
IR T E TR a s, K80 arl
C : NfEfr, KE 15 afJC : NIEARAK, KEZ 80 aff
C: NJEWKE 1S alfy1.656% ~2.256% . FIRMAC : N
RN/ SRR TS S, BRIKE0 afshife AR K
C:NEREZER (P<0.05) , HAtWEERRT<0.25
mmHF AR HC @ NS 5 T>5 mmkide (P<0.05) .
B I3 AT, MBIk AR, SRR A R A
C : PASALIEE H21.4 ~185.6, FJZ0~20 cmsS ki
RAIERIRC : PH R & T20~40 ecm )2, IR E 4
FR¥EIN, AR9NC : Pk L R E TR
Fhifads, RN, C @ PR I
0~20 cmtJZ, C: PIWAMLMEFEIN51.16 ~ 185.6,
KRR A R AR C : PRILNB0 a>5 a>10
a>15a>30a>0a, KE 80 a &k 0 aft1.68f% ~2.78
Yo EARRMKEAFRSRAR T, BRIKE30 alfl Rk
C : PRERIARIR/N I B E 25 (P>0.05) , HAak
SEAERR YA BRARC © PRERLAR /NI 5L G 25 48 i 34
(P<0.05) . 20~40 cm+ 2 K E R &R A R4
C : PIKTF0~20 ecm, HAR{LIEFIH21.40 ~ 158.90,
HIBIRC 1 PEIM H80 a>5a>0a>30 a>10 a>15 a,
H K80 aZ15 aly2.46 5 ~2.941%% . BRIKE
0 afil15 af I EIRC @ PHESS K42 P G i 3 22 41
(P>0.05) , HAVEBRMHRIAC « PIIBE AR/
SR R E R (P<0.05) .
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Fig. 1

Distribution characteristics of organic carbon, total nitrogen and total phosphorus contents in soil aggregates relative to

vegetation restoration process

H B4 T, R R T, A5 R AT R AR
N:PAEALIEF A5.62 ~ 18.20, 4+ )2 1] A1 B AAN -
PARE AN K Bl P2 BRI, AIRIAN @ PR3
=N, WES alt, HRIEN @ P
. P30 alfN @ PIAR, FRLARI /N, R
N PRMAR bS5l /NE ik e, (A4 kAR )
TREES (P>0.05) . 0~20 cm+JZH, N: P
AEALIEFE 7,18 ~ 18.20, RES arh 45 kite A1 IR ik
N : P& 3@ THABAER (P<0.05) , BW%E30 a

B1.9145%5~2.456% . 20 ~40 cm+)Z2HIN @ P{E 5>
A FEAE S K/NVS0 ~ 20 em 2 M L, N @ PRYAE{L
JLFITES.62~15.13, PKE S afE30 alfy1.671%~2.09
o WAL=, ORRVR AR R A5 R 2 Bt A AR U s
N : PR EZ (P>0.05)
23 HEHMESELEARKFEIRULFITE4H
fERIX &R
itk 20 T il T RAR SR O B Ak AE T R
AHE S M), R A 52 ok A v A= ol 21 8 DA 2R AR 5
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E>5mm PZA2~5mm NN 1~2mm []0.5~1 mm [ 0.25~0.5 mm Il <025 mm

2222200

0 5 10 15
fsf 1] Time/a
0~20 cm

(%]
(=]
®
(=]

1

5} 1] Time/a
20~40 cm

E: BPARNG FREFRRE —IREFER SRR ZERLEE (P<0.05) , AR KE FRERIRE —RAE &K ER2E R B E

(P<0.05) . T[d] Note: Different small letters in the figure indicate

significant difference between particle size fractions of soil

aggregates in soil the same in vegetation restoration history ( P<0.05) , and different capital letters indicate significant differences

between soil aggregates the same in particle size, but different in vegetation restoration history ( P<0.05) . The same below
K2 AR AT T S A R AR CNAL 2 T B AR AR

Fig. 2 Stoichiometric characteristics of C:N in soil aggregates relative to vegetation restoration process
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Fig. 3 Stoichiometric characteristics of C:P in soil aggregates relative to vegetation restoration process

o KA EETF R AT OGP A (F2) o BERE
Wy, 85 BIRIKA UK . 2 E M 28R A A
AL, +8iC. N, PILEAB S5HEREKFC,
N. PEW B ZEIEFKE (P<0.01) , AHEJEH 5
$70.83~0.93, 0.84~0.92, 0.67~0.75. FfHi42 B U5
AN, RS AR RIAC, NITE IR B A
h E RS, LS SRR A R AR P T & W ff
RAR RN B T 2 A

ENGEREZIE U R IR o < o e |
TR EN R EEHEKER (P<0.01) , £Hh
FHARECHNITER WAL IL0.9LL I, HEFfAL
W/ N R T H HRARH BIACH PRI E R
AE0.65~0.76, #5FifE B TR ARN 5 P A & R B0
0.60~0.76., HRIEFCHINICE 5HBIKC: NN
Wi FIEARSE (P<0.01) , HBERAR /N S 5
Bkt SRR BRIRCH N A R 50
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E>5mm )2~5mm Y 1~2mm [ ]0.5~1Imm [ 0.25~0.5 mm [l <0.25 mm
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Fig. 4 Stoichiometric characteristics of N:P in soil aggregates relative to vegetation restoration process

B TNECNIHE R, NERAEFREKCHC : 5N PHIERBTE0.11~0.29, H ICH] WAH M,
PEM W EIEMI (P<0.01) , HBERARBE/NMAK  KRERAZBRIEPEN : PR EZFH AL (Rt
PR BRI S . RRRARFIRIAPEC - PAHXRE  H<0.25 mmy B EFASC) | &R ] I ARC M
% (0.13~0.29) , HIEWWAHCH . AFEFAEN  ZBIE/DN (<0.25 mmR4M)

R TEARKESRUEFITEMEXM

Table 2 Correlations of nutrients and stoichiometry in soil aggregates

Wi H Ttem >5 mm 2~5 mm 1~2 mm 0.5~1 mm 0.25~0.5 mm <0.25 mm
Cooit —Coi agarogates 0.83 1% 0.893 % 0.921%x* 0.928%x* 0.932%* 0.900%*
N oi™ Nsoil aggregates 0.841%* 0.852%* 0.922%* 0.920%* 0.9207%* 0.923%:*
P soit —psoil aggregates 0.748%* 0.744%* 0.751%* 0.677** 0.691** 0.668%*
C oot agaregates—Naoil agaregates 0.899% 0.933%x 0.942% 0.973%* 0.951%* 0.964%*
Croit aparepates—Pioil agareates 0.760%* 0.691%x* 0.713%* 0.656%* 0.759%* 0.745%x
N oot agsresates—Proil agsregates 0.636%* 0.603 % 0.679%* 0.623%x* 0.759%* 0.729%x
Cooit aggregais—C * Nioil aparegates 0.897%* 0.863 % 0.865%* 0.861%* 0.832%* 0.828%
Nooit aggregaes—C * Naoil agpregates 0.659%* 0.655%* 0.675%* 0.746%* 0.652%* 0.672%*
Cooit agaresates—C * Pooit agaresates 0.825%* 0.836%* 0.807%* 0.744%%* 0.722%%* 0.722%*
P it aggregates—C * Pooit aggresates 0.325 0.232 0.215 0.052 0.161 0.130
Nooitaggresae— N Proil agpregates 0.207 0.227 0.166 0.222 0.107 0.291
Pt sggresae—N F Puoil agercgates —0.567%* —0.584%* —0.557%*%  —0.567%* —0.518%* —-0.391%
*, P<0.05; **, P<0.01
3 i ® I A90% A HLEREF T LR T, +
SR P R AR [ e RN k3 NS Ty oy B, ARG
3.1 ARWREFERN T IEFAEKRTF S BIF M e, ARG AR BLAK . 4 BN A A

S A A 25 A AR D A A BILJS R PR 2 BT W S AR BRI I im Tk, X5 AT A A S 4 ) —
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Stoichiometrc Characteristics of Soil Aggregates in Subtropical Eroded Red Soil
under Vegetation Restoration

OU Xiaolin "> CHEN Zhibiao"*" CHEN Zhigiang"’> CHEN Haibin"> REN Tianjing"’
(1 Key Laboratory for Subtropical Mountain Ecology ( Ministry of Science and Technology and Fujian Province Funded ) , Fuzhou
350007, China)

(2 College of Geographical Sciences, Fujian Normal University, Fuzhou 350007, China)

Abstract [ Objective ] This study was done to elucidate C, N and P distributions in soil aggregates
and their stoichiometric characteristics in eroded red soil under vegetation restoration relative to history
of the restoration. [ Method ] Six sample plots were set up on slope lands of typical eroded red soil
under vegetation restoration with different restoration history (0, 5, 10, 15, 30 and 80 years) located in
Hetian Town, Changting County, Fujian Province of Subtropical China. Soil samples were collected from
different soil layers (0~20 cm and 20~40 cm) of the six plots for analysis of contents of organic carbon,
total nitrogen, total phosphorus in soil aggregates different in particle size (>*5 mm, 2 ~5 mm, 0.5~ 1 mm,
1 ~2 mm, 0.25~5 mm and <0.25 mm). [ Result] Results show that the contents of organic carbon, total
nitrogen, total phosphorus in soil aggregates varied in the range of 2.06~27.71 g-kg™', 0.54~2.12 g-kg™' and
0.034~0.189 g-kg™', respectively, and C : N, C : P and N : P did in the range of 3.06~13.05, 21.4~185.6
and 5.62~18.20, respectively. On the whole the contents of organic carbon, total nitrogen, total phosphorus
and C : N increased in all fractions of soil aggregates in both soil layers with the restoration going on
(P<0.05), and the trend was more significant in the 0~20 c¢m soil layer than in the 20~40 cm layer, while
soil C : P and N : P displayed a rising-falling-rising trend, and C : P deceased with soil depth, and N : P
did not vary much. The contents of organic carbon, total nitrogen and total phosphorus, and C : N and C :
P on the whole increased with the aggregates going down in particle size (P<0.05), except for the plot of 0
year, while N : P did not vary much with aggregate particle size (P>0.05). The content organic carbon, total
nitrogen and total phosphorus in soil aggregates were remarkably positively related to their respective ones
in the soil. In the soil aggregates the contents of organic carbon and total N positively related to C : N, the
content of organic carbon was to C : P, and the content of total phosphorus was to N : P. [ Conclusion ]
All the findings in the study demonstrate that vegetation restoration mitigates soil erosion and significantly
increases the contents of organic carbon, total nitrogen and total phosphorus and improves the function
of soil aggregates as carbon and nitrogen pools, and what is more, P in the aggregates is the major factor
restraining rehabilitation of the degraded ecosystem.

Key words Stoichiometric characteristics; Nutrients in soil aggregates; Vegetation restoration; Eroded

red soil
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