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Effects of ecological restoration on soil organic carbon components and stability in

a red soil erosion area
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Abstract; Composition and dynamics of soil organic carbon (SOC) are important indicators for soil restoration. However,
little attention has been paid to SOC dynamics in red soil erosion areas. We conducted an investigation in the surface soil
layers (0—10 and 10—20 cm) in Pinus massoniana woodlands with restoration histories of 10 and 30 years respectively.
We studied the changes of the contents of soil organic carbon (SOC) fractions, coarse particulate organic carbon (cPOC) ,
fine particulate organic carbon (fPOC) , and mineral-associated organic carbon (MOC) , as well as the POC/MOC ratios
to determine the effects of ecological restoration in both woodlands compared to bare land and secondary forest. Our results
showed that the various types of soil organic carbon in both soil layers significantly increased with time of restoration (P <
0.05). In the stand with 10 years restoration, the soil fPOC increased significantly in the top soil (0—10 cm) which

accounted for more than 64.1% of the total SOC content, indicating that the SOC mostly accumulated in the form of fPOC.
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However, the soil cPOC and MOC had no significant changes. Compared to the stand with 10 years of restoration, in the
Pinus massoniana woodland with 30 years of restoration, the soil cPOC and MOC increased significantly in the top layer ( <
10 cm) , but fPOC did not. The contents of fPOC and MOC also increased significantly in the 10—20 cm layer, but the
c¢POC contents did not. The results demonstrated that the patterns of SOC sequestration in the process of ecological
restoration confirmed the SOC saturation theory. The soil POC/MOC ratio was higher in the top layer than in the deeper
layer and initially increased with time of restoration, reaching its highest value in our study in the 10-year stand, then
decreased rapidly. The results indicated that the SOC became more stable in subsoil than in topsoil with restoration time,

which highlighted that ecological restoration plays a crucial role in long-term sequestration of SOC in red soil erosion areas.
Key Words: particulate organic carbon; mineral-associated organic carbon; patterns of C distribution; stability
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A AR T R RN AT R LE AR . T R AR ™ i, G far i fin R Ak T3 A BRI © A B AR A5 AR 1Y
TR PR 2 ] 2 Ry D KR AR T B SR A R GR A X R IR AR R A R LI
TRTRE ™ F Ak B2 BEAIR, FRRRE 27 PR b o e 3 P 249 1 [ e e % 3 11 A A 2 A T B i LA
HE R Y, AR W B H bR I RS RIEAE T ©A RTS8 R 2 0 2L I v A AR S 0k A= Wy 22
FEE K AR RE R4 L BN R i T A ML FAE A 7 (1 EE S A S AR ok 4 4
AR EE I AT 2 1 A KT B R R T R R B IX [ 20 4D 80 ARRE A K LR
FRA 3 7 MM UM A RR S B XS SR R I RIRAE R G ST T R IR A S B TR @b 2
AR LT LU ARG R R B T Y A AR ARSI S B TPAN AR SR AR 4T HE X A A AL
B, JUH SR -3 A SR AR i B A3 PO 6] BILBIR 2 53 1 B S8 Ak, X T4 J5 AR SR T A B B4
SR,

TIEAHLTT(SOM ) S Hh AN [ 53k Wi BORIAS [w] Jo] e sl A= A DL A, T, 22 BOE 5 R P 0 38 2 1
(AR5 53 P E IR TR ) 43 B3 H 43 A0 TE A SR AR [ A AT SR AR N B9 LIS, R fig BEAS ] SOM 5 T4 22
A SE RS, ol ff B - e A ML AR a2 1k R o i ot AR 00 i BEORLAR KN TKE SOM 43 SRy 180K 25 A ML I
(Particulate Organic Matter, POM, >53 wm) Fl#" i 45 & A4 HLIT ( Mineral-associated Organic Matter, MOM, <
53 wm) ' Horh ORI HLEK (POC) 385 HBTIL 0 A 73 A S0 3 A 1) sh A A AR AR 20 B, oA F 18 T 1k
JE b5 < M 22 (A AL A8 ™ | Xof b 2 A AR A AURR ' T T 45 6 A5 A BILBR ( MOC.) 2 5 Rl Az AR
K2 A R A3 R, LR 18 HAR el E AL POC/MOC 8 3k S e + B8 HLAK (v 5 =t e e e
FEU R, ARG O A AR TR A 4 vk, 4 A i A AR BRI AT AR ok A B K R o R T
PABRR 2 AR AH A AL & 5 S H AT 9 1 A2 A 38 s 2158 42 st 5 R AR A2 3 i v - 33 T AL i 174
AR R N A R | DU 4 Je AR i A 25K R T AR R 2 Al

1 X3t

Ry T B yn] P AR b AR P R T T VT 37, 116°18'—116°31'E,25°33'—25°48'N , ik 300—500 m, J& H il
P 2 RSB X, AR AR R B 28 % B4 3100 1700 mm Al 1403 mm ; 4E 5300 17.5—19.2°C , SEH RN
260 d, 44 H BRE 80 1924.6 h, =10°C FUE A 4100—4650°C . %48 & KT B B K AT 25 25 1, D JE g A 1L
v T ERH , R R 5 4 S A L A2 sl R TIE B ) HoR DR AR B A B LI, Tk PR i, SRR o P
FEBE (CH SRR AR) AR IRTR L BUA FE 0% 2 DA S B AL ( Pinus massoniana ) WAEMA N TAK £, KA
WALFETRIE (— MR BESN 10 m, A A AT JE IR OK ) | AR g 8, in 22 A 194 A T RO B DA {759 FE By 4
E7K LR E L IX 2 — P 2 M5 1 3R)2 R IEC R | o B AR B Rk S AR TR
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Table 1 The basic information of the study sites
G TRBIAE R FEAMEDL
Site Restoration years  Basic information

PRIZHIRT IR (CT, ) : LR — Gk DL b R)Z TR KIS, B Z i #8, RIZ 1 (0—20 em) AL

{L’L’M%ﬂﬁ 0a N 1.4—2.5 g/kg, HFAHGE LARRBL A9 B R AR /& LW (G M1% 4.3—6.6 em, P35 3.1—4.6
b);re‘land m) A7 P ( Dicranopteris pedata ) L= (Arundinella setosa) R 7E ; 13856 H 15 45 B R AN B 1 4 W R
‘ 315 m 12° fil NE35°.

II AL F = PARIGRI, T 2001 4% R 0% B AR BES T /K18 58 dth , MBS AL T ( Lespedeza bicolor)
AEM 10 a JE BB A0t 10 AR S ERVA B RN R B 35 B2 40 0 ik B 85% LA I, By R A - B M AR AR i 3 S0l A
Shiguanao 10.4 cm A1 7.5 m il B2 B0 314 m By 21° 3517k SW20°.

" I\ BN S A F/\ BT, 23 1981 XA T/INVK- i s b fR R R A 1 D BN GE TR AR, 9T
At 30 a TS BT BRI T \%Ejﬁéiﬁ(Amorpha fruticosa) . £330 RN TR, T R A4 B 42 A =5
Bashilih SIAEEEN T 16.9 em Fl 14.3 m AR R HEBE A 35 B 90% LA 1 ; 1530 g 44 | 33 B R 171 4300 310 m 18°
ashilihe 1 NES0°.

v IREJG X IR(CT, ) « g B RS A B R TR AT AK , MR 1124 2 70—110 4F (SRAKIR ) | B FEAA 14 %5 B2 Oy
WA 70—110 a 163 #k/hm? , SRR FIRT B4 5K 47.5 om F119.0 m, M T HIBRISE 5, 3L TE 95% L) L 5 iR 16 M35
secondary forest e 3 A 14304 321 m 10° T WN10°.

2 HIRFAE

2.1 EAEREE

F 2011 4F 7 A RT3 4> 20 mx20 m (ARHEHL, 23 AT AR R AU Y 84 . e R ifE
o FHNAER S em B AL S TEREML 555 | 22 IR A 00 SR BURE | B 8—10 AN, AR b 3 41 0—
10 em F1 10—20 em + 2R S THE,
2.2 AL C EHEIE

THEAHL C R R IR - S A TR B R R AN A B AUR A A LG A0k, ARk AR £
A HURR ZR IR BT R /1A ( Vario Max CNS, 8 [ ) I
23 YA

BRI GE )55 IR Carter 215 FREXZ 5 2 mm 57 9 KT 4F 20 o CEE 250 mL B8RV A, In A 100
mL WEER 5 o/ L 7S IRBERREA ( (NaPO,) o) I, AR R 4557 2 h(90 r/min) . FE5-HOR A 1 58 43
F 53 pm A1 250 pm G E AN ORISR T (RIR S 40 500k h 1k ) | FE RSO I R L
FREE B BERRH 72 60°C Tt 0t THR it , A4k 05 X FL AR /N o0 S HLIBORE A5 A BILAK ( coarse POC, c¢POC, >250
wm ) FANER A MUK ( fine POC, fPOC, 53—250 wm) , i N H3ERH R4S S AWK ( MOC, <53 pm) .,
R 25505 43 14 B f 1 R A5 2 0 o A - A B I i 1 L A1) 3 ol A M L R B A LR 7 i SRR TR
7 A MR
2.4 HlEabrL

SCHVR 25 A LR B S R N A A O R R 52 A B R 45 2140 S S AR IR (CT)) 2218, T AT 4K
PEAL BN 3T FE Excel 2007 1 SPSS 17.0 #AF T #4775 2250 MR H LSD ¥, H Pearson #HC REITAN A
[ A F [ R AH DG OE R, B MK =0.05, 1 Excel 2007 #AHEE
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CT, 4T 2.4 f%, 1M 10—20 em HIEAPR &S CT, . , , ,
To 2% 5 AR 30 a J5,0—10 em TIEAHLER & T 10a 30a €T
B E ST CT, LK 10 a A6 BEHS it A b ; 1 PRELIFIR Restoration years
10—20 em + 2 HHEAE PR S EW B E & T CT,,HS 1 EEREE R RSB RN

PRI 10 a PR FEREEAEH TC 0 35 25 55 X USHIA K Fig.l The change of soil organic carbon content during the
SRSHE 0—10 em I BEFIABUEIR YR, 435 ccolopieal restoration o
R F RSB PR, b g 30 o, PR PR PR S R
A BB BT R TR R S X IR(CT,) |, Ui B W’Wﬁi@ﬁiw@%m:” ’
12 by b AT A A K1 e v
3.2 RS LR & AR

RERE A s A | - R OR A5 HLEK (cPOC ) FNANIURE 2S5 A LK (fPOC) Fr i i 34 a3, AW 1 2 W
AR POC S HRZEFBE (K 2), HHPIKE 10 a BF,0—10em + )2 A HLER FE LU POC LR #
A2 cPOC FEIFAREEW N, SHEWKE 10 a FIL, K EZ 2 30 a J5,0—10 ecm )2 3 cPOC & & A
JniEE R & T (POC 2H4) , WAl 52 35 5 TAEBK . 10 a B IZ 4143 YA WL & & (P<0.01) (&l 3) ;4R , 10—
20 em )2 POC FEADEEE T 10 a WIATAEM , R 3 POC SR A 1S5 B 5w, UL A vl &2
iR A MU e (POC H AR B 1T HL X 362 148 cPOC 4143 () RE M ATy 7 2 0 K AR AR SR i 72

12 ¢ 10—20 cm 12 ¢ 0—10 cm a
10 acPOC 0| N
k> a fPOC a
E) E a
HS 8
ﬁ 154 i b ab
=]
Q
% 4t c
@}
2t b
0 . -
CT, 10a 30a CT, CT, 10a 30a CT,

R AEPR Restoration years

B2 #EHRkEIEPIETRAESHNEIKRSE
Fig.2 The soil organic carbon content of different size fraction during the ecological restoration
Pl CT o IR Fi X B (R ) | CT, RN RE S X B (IRAEAMR) 5 cPOC, HBURIZS A LI coarse particulate organic carbon; fPOC, 45
B ZSH WL fine particulate organic carbon; MOC, B Jii 45478 Pk mineral associated organic carbon. [F]—2#H 43 A [A]/NE T 1k R 22 573 .35 ( P<
0.05) , Bl AP 8t VI L AR (n=3) .

+3 POC(cPOCHPOC) 1E Ky + A HUBR )76 PR 40 43, Fo 5 + 38 HLER 09 L BlHE — SR EREBTE s
IR EYE, mE 2 vJLED MUK E 10 a,0—10 cm 1 10—20 em +JZ POC/SOC 435K 64.1%

H146.7% ; IR E 2 30 a Ji , 511 )2 POC/SOC HHE/N , HiZ i T CT,, 1Ah,cPOC/SOC B /N F
fPOC/SOC,, K& IR AF-BRIG AT, cPOC/SOC Z M i,
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Fig.3 The net increase of different size soil organic carbon content during the ecological restoration
cPOC, BRI HLIK coarse particulate organic carbon; fPOC, 45K F HLEK fine particulate organic carbon; MOC, #”J5 45 &7 HLAk
mineral associated organic carbon. # F7R -5 X MR IHI 252 WA (P<0.05) , * * o 5x IRIAH L 225 (P<0.01) , AU T (i 5 1fE 22
(n=3)

33 WS AAAE VRS =AML

PR S AR P T 25 B A HLAR (MOC ) L 2 3834 A3 (&1 2) . st 10 4R i 0 B 25 0 +
I MOC &, 2 30 a i, 5 CT, AL 0—10 em Fl 1020 em +3E MOC &4+ O B 2548 5] g 2wl &
JKF-(P<0.05 5% P<0.01) (& 3) , 43513/ T 6.45 ¢/kg F12.91 g/kg,

M 1 A, K A2 3 R R R CT, 3 MOC & & 5 S WL B0 65.7% LA -, il 3 R e ik 55
FE TR 2, MOC/SOC Bl /)N | 3% 2 OB A AT AR & AR S s 1 e . AEBEYKE 10 a il 1) T35 fPOC
Frht 7RSI e LD B 4 MOC &, ORI R T MR 12

*2 HEEHRESERELIETERRASBIBRSELILE

Table 2 The proportion of different size soil organic carbon content in each soil layer during the ecological restoration

WA AFIR TRRE cPOC/SOC fPOC/SOC MOC/SOC POC/SOC

Restoration years Soil layer/cm /% /% /% /%
cr, 0—10 34 30.9 65.7 34.3
10—20 4.6 14.9 80.5 19.5

10a 0—10 13.6 50.5 35.9 64.1
10—20 155 311 53.3 46.7

30a 0—10 33.9 25.1 41.1 58.9
10—20 7.9 28.2 64.0 36.1

CT, 0—10 28.5 25.3 46.2 53.8
10—20 11.0 235 65.5 34.5

Fh CT, FERPRIZ BTN I (A b ) ,CT, FRMREZ TG X B (M) 5 POC, LR G ALK coarse particulate organic carbon; fPOC, 41
FEAA WK fine particulate organic carbon; MOC, B Jfi%45 A4 4 HLAK mineral associated organic carbon.

3.4 POC /MOC Atk

— TS ,POC/MOC H B, HIEA BT E . H R 4 KUY AR #rp POC/MOC HE 5
ST R AR, 5 CT A EL %S 10 a F1 30 a, 3 POC/MOC HAE 2352 W22 /K (P<0.05) , 1t
RBP4 30) 1 A LT RS e P AR X A MK, AN TRl AE b 3R )2 11 POC/MOC e EH B 3% & TR )2 (P<
0.05), H 10—20 cm £ )2 POC/MOC FAEFI/NT 1, BAHAW )2 LA PLR R M T3R)2, [F AT 148 MocC
Fa BT 722 2 A MR 2 Y =24y
3.5 AN A WU 5 A ALK & i A e

FAFEATHT 8], LT A B 5 10 a, 145 cPOC F MOC 5 SOC M SEPEYIAR 53 | 1 fPOC 5 SOC
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(0—10 a), EF L POC AR, BT POC 3507 F 555 .
MOC il cPOC 544k =5s o
4 g el cA abB
E5gos
4.1 MBI AR A LR Y 43 oS £ oR
— N TSN . 0
1R R Al R B SR HE i, S A RN T 4 CT, 10a 30a CT,

BRIAES AR A A R T P A o 7 R
i, SRR A KA BESE (R 1), — e
T EHEA PRI , 53— 7 W38 08 7% ) S AT 1)
HRZRBIFEATAIE BN T 1586 HLY A g A &, 2R T
TERIN T RO IR A R T R, Bl A
BEPR A BRI ALAs & i 2 LT

WA 3 MLIRTE P A AR, 4960 HLak
I3 R EURAT ML N i 45 5 A HLRR . FEBE IR B 7R
o A PR S i B, R OR R AL A AL
W AR R RN, AR TR R S, PR 7 5
hn, AL AN, A HUERTE AN R 20 4 R
2N A MR S8, Guggenberger =
T A A B R H R G b A LTS K B SR
AR PR ASA VLT A AL [, 13 POC FERIE T8
SR AR R A FEA B B T, B A B
(hn AR R AE ) e R T Ih R A UMK Al A b A
T PR b B B AR, A T PR TR R AR 11
YIRE SRS, ST 0 & W B . Ak, i T Al
WOk A ML e B A0, L, -3 fPOC &5 it 3
I 4 E BA PR 50.5% 31X 5 A EBFFE AL, B
3 POC &5 B 10% DL L i Hol 5k 30%—
85%"12 | W Ah ARG SOC YR AIERIE A HLER B e TE
YRATURL SRR, AR A B AR A HLTOR IR &
SRR, A 1A AL i3k BRI AT AL R 1) R
ki rp SRR R K 10 a oK B 3 1 4 45
cPOC &, KB % 30 a J5, 5K E 10 a MLk, 11
fPOC & &% W&k, 1 £3 cPOC F1 MOC ¥ g 3%
Haom, X 10—20 em 12 cPOC A1 MOC & & [ BF

W5 AEFR Restoration years

B4 HEHEMRETEFTE POC/MOC LLERNTWK

Fig.4 The change of the

POC/MOC ratios during the

ecological restoration

P ef CT, R PR AN IR (IR ) |, CT, R IR S5 4 IR (i
AR 5 Al — R ARG B 2 R A ) 2% S 3% (P<0.05)
[F)—FE AN RS S0 38R 22 57 .35 (P<0.05) , Pl v & dls o o

PHAPRUERE (n=

3)

®3 EHEMETEHAELEGIRASSEANBRESEMNE

*itk

Table 3 The relationship between the different fraction content

and total content of soil organic carbon during ecological

restoration
WORLA HLAK IR r i PH
Particulate organic carbon Site r value Pvalue
cPOC CT, 0.088 0.869
10 a 0.663 0.152
30 a 0.994 ** 0.001
CT, 0.972** 0.000
POC CT, 0.986 0.000
10 a 0.945** 0.004
30 a 0.961** 0.002
CT, 0.959 ** 0.002
MOC CT, 0.977 ** 0.001
10 a 0.771 0.073
30 a 0.948 ** 0.004
CT, 0.935 ** 0.006

M)

Ff CT R T B (R ) | CT, R K B S5 % B (I

cPOC, L iH 25 F PLAK coarse particulate organic carbon;

fPOC, ANBRIZSH P fine particulate organic carbon; MOC, %%

A A PLUBK mineral associated organic carbon.

FERI, BRI 30 a Z A, L3 cPOC A/ 34, 1 H3E MOC & &3 in O A 8 K7, X
WAE—EUFSE T SOC MR AIELE ™ sl st AR HT 2 B, HE K 10 a, 188 cPOC FIl MOC 5 SOC A1
PIABE T fPOC 5 SOC e B EAH I (6 3) , HEBEIKE 30 a J5, 13 POC A1 MOC 5 SOC ik £ 3 AH
5 X FTAY R T AEMEIR A i R A A AL TE e B RARAE , B E I (0—10 a) , FZELL fPOC TEX
LR K5 fPOC & MOC Fl cPOC 54k, H fPOC & &AL T AT R E B9 7K, Be AN [ 21 53 AL 1R i 3
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Bt X BTk T CT,,
4.2 FEGKE AR P - EA HLER PR
POC R 1= 358 v 7 9l R FH A0 36 MR A AL , 1 MOC ZRAE T - e rh A X R BB R I oA Al , Rt

POC/MOC e AE— R bk T H3ea MR R et . — B, POC/MOC e, + 3 ML
PR, 5 % EHHR R LA, A ST P, MR R L AR R POC/MOC e TH I T CT, 1Y
R FEEASE P RESE T B g Sk N AR T ] T B 4F R £ 3 POC/MOC {1 [l R 52 B 5G TH i o A ke 34
TSR A B K = T (0—10 a) AR 2 3 45 3 B it (15 - S B Ahf A W2 R e A5 3] (g
e R PGE A SR AR AR B AL ) o B 0, £ POC Fr i W E R, A3 POC/MOC fEXE K, &
it 30 a MPRE IS , 133 POC/MOC fEARXT AR, #aik TARXRE M AE R RS CT, , A KA SR E 5 + 1
=) Ab2E BB A R GE A L A AR 22 1058 B AR A A A OB A A LR 2 T 1 A
PER RS A A PR AL, R, POC/MOC {H 2 30T B RS HIEA ML , AN S AR . i

LRGSR A AR - A MURRAS A T 2 o 2230 S R AR L 28 L i N TR e e v 0, B W 7
ZT A i - A )RR AA OGS R 3R Ak A 3R [ e ISR KR, CO, VR I oA B

5 it

1RGE A A AR T BB R T A LR AR R A U S i, AESRE 10 a, A ML EE L
POC TEAFR B (HFSE MR 2% s B A SR AR IR N, 3R)2 L3 fPOC & s AHXT AR | cPOC Fl MOC % 234
BRI B A 25K AR R v 0 [ RR A R AT SOC ML RN RIE, AR K A ik B P 3 POC/MOC B 5
STt JE RRAR R R BB Rl A A B AT 36, - 3EE ML RS e M i . PR, AR SR X TR ik
ik i1 7 A A ot B B X
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