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FEE .35 H RothC (version 26. 3 ) 51 F25 A I 23 {03 1 X4 7T V0] FH 21 582 bl Ak i o R A A TR S5 M b )2 (0—20cm)
T HCH HUBR PR S A AT T SR TR, RS 4GE H2H . RothC 26. 3 RETY RIS 45 W BE S e 4 1 Iz e 2T 35 b b A Bl 42K 55
JE R A BRI AR L 3 RothC 26. 3 FEHITE BT v 7 AT 22 KUK 25 14 T T R A bk b+ S8 00 22 1) Bh ZS A4 5 42l i 1k b
TE T AR T , AR 322 IR A R LU AR R M IE 31 T, FRFE 15—25a B R P9k B i K, B B AA R 2 S5 1T 30a b
F I AF L) 0. 385 tC-hm e 2", H SRR AN HE R 5 T R 5 20 b T A VA (IR AR ) 4l A o o1 S5 Bk W A T SR 24
0.156 tC-hm™ a™ JARYEFHULE RAF RN LA TR BB RIHFST X AT iR L b BRI A 2R 229 36. 85 1C/hm , [E BT H1
294 33.26 tC/hm?,
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Dynamic of soil organic carbon pool after restoration of Pinus massoniana in

eroded red soil area

HE Shengjia, XIE Jinsheng” , ZENG Hongda, TIAN Hao, ZHOU Yanxiang, XU Chao, LU Maokui, YANG Yusheng
State Key Laboratory for Subtropical Mountain Ecology , Fujian Normal University, Fuzhou 350007, China

Abstract ; Afforestation in degraded area is thought to be an efficient way commonly adopted all over the word to prevent soil
degradation, and plays an important role in alleviating the CO, concentration in the atmosphere, which is of great
significance to mitigate global climate change. Many studies about the effects of land use change on soil organic carbon have
been widely carried out in China, including many aspects such asdynamics of soil organic carbon pool induced by the
conversions among natural forests, grassland, plantations and cropland, while the study of dynamics of soil organic carbon
pool in the eroded land after vegetation restoration, is still scarce. In this study, we chose several Pinus massoniana
plantation plots at different stand ages located in Hetian, Changting, as research objects. Combining with space-time
replacement method, RothC ( version 26. 3 ) model was used to retrieve and predict the dynamics of soil organic carbon in
topsoil (0—20c¢m ) after the restoration of Pinus massoniana in eroded red soil. The result showed that RothC ( version 26. 3)
model played well in inversion and prediction of soil organic carbon in topsoil during the restoration of Pinus massoniana,
and the simulations of soil carbon changes given by RothC model could perfectly reflect the change trend of soil organic
carbon in the process of vegetation recovery in southern eroded red soil region. Analysis revealed strong correlations between
the simulated and measured values (r>0.9, P<0.01), which suggests that RothC 26.3 model is a feasible tool to assess
the dynamic of soil organic carbon pool of Pinus massoniana woodland in southern eroded red soil region, under the

condition of mid-subtropical monsoon climate. After the plantation of Pinus massoniana, the carbon sequestration rate of
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topsoil (0—20cm ) in eroded land increases gradually in a nonlinear way, which will reach the utmost in 15 to 25 years, and
the average rate of soil carbon sequestration in the first 30 years (after masson pine recovery) is about 0.385 tC+hm™a™",
and the average rate of carbon sequestration during the succession to the local climax community is about 0. 156 tC+hm™a™".
Calculated by stimulation fitting equation , the saturated carbon capacity of eroded red soil land is about 36.85 tC/hm’ and

carbon sequestration potential is 33.26 tC/hm’ in study area.

Key Words:; eroded red soil ; Pinus massoniana; restoration; RothC model; organic carbon pool
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BRI+ EAGPIHLRBI Z — T 32 R3S S A R R AR A A5 R 2 A BRI, RothC AR 7 78 X 44
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1 #REAE
1.1 W5 5 Akl

T L TT FH A A A 8 PR R SRV T VT 37, AR 48 116°18'—116°31" b 45 25°33'—25°48 ", iE4k 300—500m ,
@ v I PR XU X AR R R 2 R 00 1700mm T 1403 mm ; 4E 4506 17.5—19.2°C, 4+
BRI S Y W) FRORURLAE S B R LT, T Dok e i R T PR B (R SR AR ) SR AR IR AR
S BRLL S AR ( Pinus massoniana ) WAEMRFTA T M £ ZBAY/K LR AN 13586. 8 hm® , 29 5 2 +
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ARHFFE H 5 K RIS RE AL . (1) A B & R BB IX, 40 591 9T B AR i R 1Y L Sh B 2 LA KA 1 R
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(Arundinella setosa) 7 F ; )2 (0—20cm) HIRA YT & 84 1. 4—5. 3e/ke, B AN T- 2 a4 st & 43 51
4.3—6.6cm 5 3. 1—4. 6cm , PN 611 Ff/hm® R FHGFHIE/NT 0.6, FEEMKT 0.3, (2)17
Tl bR B2 363 B R AR AR L35 1
1.2 FEHLAR S REES T
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Table 1 Basic situation of study area

LN 24y SR

§ g / ZH S s sl e OME L . . .
Py TRV S Wm R RRaie DO TZ e fem fi/m
. Ages of Latitude . K L. / (Bk/hm ) .
Site name . . Elevation Soil type Clay fraction . Coverage of Mean Average
restoration longitude Stand density . .
undergrowth diameter height
- N 25°37'5. 10" -
{F1it 6 £116°26'17. 10" 318 214 39.37 1358 0.92 7.60 5.41
N25°41'53. 00" -
LR 7 378 AR 30.05 1462 0.91 9.14 7.01

E 116°26'14.2"

N25°38'15. 01" -
L e o1 . : : :
R 8 11692730, 82" 323 R 32.70 1017 0.90 9.22 6.12

N25°36'8. 10"

g é 5T

FaN=gLl 9 E 116°94°0. 6" 314 AR: 15.00 1141 0.70 10. 46 5.90
N 25°40'4. 60" -

et AR: | ) . . :

viizor} 10 E 116°24'12. 50" 328 214 29.74 1558 0.80 7.57 5.60
N25°4127.32" -

K& Yi 26 E116°94/24. 08" 312 4% 12.90 1192 0.95 17.74 15.58
. N25°40'16. 80" -

A L 29 310 AR 33.87 2237 0.97 13.55 10.83

E 116°26'7.30"

)
GD\EE;H( >100 N25°37'53. 68" 321 LT HE 25.94 475 0.95 47.50 18.97
‘e;"’“ f‘ry E116°27'38.17" - : : : :
ores!

FKa, BRILZAN, R E 0—20em T IERE G BN AA RERNE, JHNAEN Sem (4 B 78 53R o A AR 3
BEAL S i 2 SRS I e B 10 AN 3% 0—10 1 10—20em FEATA3ZBORE , FH e A7 TR - 7 4% T 0 A1 Jin A
SR AE 4 A B &)
1.3 RothC %y N

RothC FERLEAK 45 1% 28 5206 0 100 £ 4F K 1 5E {7 — /‘= —
IEHE ALY, 2 B AT BB 0 L IEBRTEER  Organic o oo
HeA ML PEXI 53 4 A8 MR R (5 43 il e W R 1R RPM [ HUM )
(DPM) | ¥ 73 fift A6 %) 5% A ( RPM) | 30 A2 ) A= )
(BIO) JEF B (HUM) ) il 1 AMEVERRE (10M) , 4%

h 4

CO,

IOM

APAN I
VA BILB 1% 53 A JoL e ILIRT 1 E1 RothC EEIZHE
LA
1.4 %ﬁiﬂu)\ Fig.1 The structure of the Rothamsted Carbon Model
1.4.1 %%%&ﬂ?} 5 5 R IR DPM : Decomposable Plant Material ; X4 A 41 5%

RothC 26. 3 #EH 5 S S 545 H B8 BE . 7K RPM.: Resistant Plant Material; f{ /£ 4 2k %) it BIO: Microbial
A e e A2 R R RIT A2 R, b Biomass; J&¥4 i HUM; Humified Organic Matter; 15185 % 10M .
1951—1990 i 40 4F5% F FH9(H) (%2). Inert Organic Matter; — ;i [1] Carbon flow direction
1.4.2  +HERAE B

1 R R IARIIE S X AR B R AL 2 2 (0—20em ) +HEA HLARAE L KB 3.29—3. 83
tC/hm’* , 5AHFFT R iiEDs R 1 FEHL R 2 0k (3. 61 1C/hm®) BN FEIT , B AL M B ANIF T X S AR B AR
Tl b B it 122 098 SO, VR AR AR AU, A R 1 1, 3 TR AL 3 ) s AT T AR 3045 23 PE I AR (E . AR 1Y B
R it 3 BB % 2 B SCAE ST DL B KT H 2005 2007 2008 LK 5 TR T80, SR 4 T /K R 05 I R AARE i
149 3 52 B RHARDOT e R | SO S v A S ) 4 SR it - 1 666. Tm® St 3 1000 kg, #E3E 375 kg, 5 EERENE
25 kg, D 1 kg, I TR ETMERR R 25k, iHBEBRES 11.5 kg SR IE G B B HE IR , £ K & 666. Tm” Jiti 1. Skg
PRE T4 2 AFBHR &R Ske, 5 3 AFIBMEWERRES 10kg, #icE 10k,
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*2 WHRERSKHE
Table 2 Climate data of study area

, A HAFE
AP E/C o I
At PPIREC i 5 we vsmmmec T HF
Month ’ Y Mean monthly Mean monthly 7 B [ 7K 1/ mm 78K H/mm
temperature C e .
precipitation evaporation

1 7.84 59.66 62.51 7 27.21 120.17 204.72
2 9.47 106.98 55.86 8 26.90 148.37 194.76
3 13.77 189.51 73.96 9 24.39 104.52 151.78
4 18.71 238.21 100. 62 10 19.84 59.43 131.57
5 22.65 294.83 122.64 11 14.57 47.55 94.29
6 25.12 297.32 135.85 12 9.55 45.06 74.47

DPM/RPM Ay i AHPIR A b 5 43 A HL4 5 -5 X 53 A AL 0 1) EL A3, DPM/RPM. LB/, 267 i
NF BRI 53 bR 2842 . SR, i T — S8 X5 DR AR 9 A X% 6 b A 7 S0, SR AR AR () B2 0. 25
(VEMMRHD ) B A AT A R A %) i A U3 e DR e 22 R Tk b (iR T ) A o R R HER L
BRI T, 328 P AL [a] 32 1 7 I D RE T3 e R WL K ST T 75 178 ML S0 i A o, 22 DU DA S
AR 5 A A B S L, 25 A T A MRAE R V5 0 B bR R R 0 O 2R R Y L 001 9 SR b AT
WA ITR A S AR A BLBR L SR, 4 SE I ) TOM B4R 5 ) Falloon %518 45 4 i 22 46 23 =X (10M =
0.049TOC" ™) Fed & B, LA B 2GS 2 1OM (AU ISME K 16% —56% . 21 Xu'™' 5 Leifeld "
FIBIESE o R AEAE AL A IR G . SCASHIF 2 FH S £ TOM. A R A AR ADL 75 2 A 0 B TOML AR, IFAR S LA T 28
2, WA Y AR R A AT T AR

M, = M, ( Total SOC — measured IOM )

Total SOC — Original moelled IOM
B M, T M, 3 BIFRRIESETH R A B A AR AR Sl M A IR T AR A SR A A B . ARBIESE P RothC
26. 3 RT3 ) Lo S OHAR s L3 3

®3 HBERETEREAMEE
Table 3 Soil and other data required by the model
B2 Hi s Site
Model parameters lif R {5k 0% B AEM o] KRG NHEE YAk
KA AR A/ (1C-hm ™ a™)

Input of plant residues
VIHEA LA AL 3. 61 1C / hm® ;DPM/RPM 0. 25 ; BURERBE 200m ; RS 0. 285 1OM ik 2. 71 (C/hm? s AR RGO A R IR ML T R
MM, 1—12 H ¥A g o

0.19 1.20 1.91 1.53 1.86 1.45 3.23 2.90 —

1.5 Bdaaotr SEZ R

K H] Excel2003 5 SPSS17. 0 #AT4e HAEHE 50 . A iR 22 (RMSE) P31 22 (M) B
(B (EF) fg g 250 CD) XS RIBIIZE R T IEM
2 ZERHm5ITE
2.1 BRRIE S E5 R

AHFFE P A A B M % K AR Y AN RE M 2 2 A 3 0 SN A LR BCHE (L3S DT s A, DL
7 4)XF RothC 26. 3 #ERIEAT TR SR 5 FHBR L Wi Ds /A BT g 00 10 S0 50 i (% 38 0 g s i, 3%
4) XTI RSTA 2 R TR 0, BRI ZE RPN P bn T A S5 R LR 5

M4 ATLE B RAAKE i 8 0—20em )2 A HLAR A% & A A AL r #87E 0. 9 (P<0.01) LA
b BRSPS 2 [R] 3 R 7R B IEAH G ; AR R AR 45 SR AN S ME T FAAR B R 25 (M) BN, &
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R BRI, R S A R 22 (—BUrER 22 ) B/, SR, BT MO A SR S D 0, B A5 1 S 5K
AR T SR BT 7 A 09 s 26 T LAAH BRI , 25 5 Z W B () A — Bt 22 . CD (B 3R /s A UL RE 6% A 6 08 I
{ELEMAR DT 2500 L), HAB T 1 3 A0 (I 8 A% A ST 2 1 B e e 6 3R S I 8 . 895 W1 2% ( RMSE ) 3l
A ELEE T AS R B BB 28 S b 2 K/ N LA, LA B/ INF R BAOURS JBE es , VAOR TR, IR ALL i e v
RMSE #Z/INT 20% (% 3—3K 6) , H HIEA DA 5 B RMSE {423 10% , AT WASE DL S50 8 5 52
DB Z [F) 353 1 A i i — B0 s 55 R BBUSCRE (EF) #RIX 2] T 0.7 DL F 2 IR p AL B0

R4 HEBERIERBIELE

Table 4 Calibration and verification data of the model

0—20cm fiffifi & 0—20cm B fif =
I R PRAE B A U/ (1C/hm? ) SEME/ (+C/hm?) D3 sk BHs SCik s Ak
Ages of restoration Simulation values of carbon ~ Observed values of carbon storage Historical data references
storage in 0—20cm soil layers in 0—20cm soil layers
gzt Xif 3.609 3.61
=1 5 7.16 6.62 [22]
5 7.16 7.11
A 6 7.55 7.47
5% 7 7.99 8.28
B 8 8.87 7.43
AEM 9 9.22 8.92
iider] 10 9.83 9.25
10 9.83 10.58
IKZR Y5 17 12.82 14.96 [16]
26 16.71 16.13
I\ B ji] 24 16.79 20.19 [17]
25 17.35 21.10 [12]
29 18.66 15.86
AR 87 31.37 32.97 [12]
89 31.60 34.28 [17]
93 32.11 32.15
x5 HERESINERRSH
Table 5 Comparative analysis of simulated and measured values
iS4 Statistical parameters
r CD RMSE EF M n
S Short-term simulation 0.91 1.49 17.33 0.87 0.33 8
KB Long-term simulations 0.94 1.18 11.38 0.96 0.63 11

2.2 HEAWRE R IR Sh S

13 R AT AR R A T FE AR i e A LA 2 Sh A 0 S (AL ) S5 SRR 2 iR, fE R
BB SER I, A ERIA B 26a M7K R B B AT N 5 5, A0 A SR AR A Bt 85 DR A8 | X 4R ot
IR AL AR DY (DDA ) ARG, FEAZ AN TG OLT , ) 2 b TRV (AR AR TR R R 2 R A AL
Bt Fat O AR A EATASEARL (P 3) |, IR R 30] 180a MUBRIBLZE S AT [ U 40 #r , 250 T Sh AR AR 6 2 + 396 DLRR 1%
B 5K AERAXT R TR (K 4) .

y =3.92363 + 0. 65884x — 0.0059x% + 2.67778 x 107" — 4.8444 x 10~°x*  R*> =0.99905 (1)

K, x WK AEBR (a) ,y A LKA & (1C/hm?) .

FEARESE Y, o FAE AR X kR A it T S AE (AR ik 0—20em + )2 HLBRff O 48 h R SE 1Y
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3.61tC/hm® I b FFZ 7. 68tC/hm?) | 1M J7 N AE & AR,

o 30 o
ERIHLE ST T S0 KRR £ . ;| heammnann
RRAHIRSE 6—Ta 5 UM L ARBRGAR R it S By | T
FUR(IE2) . TR ARATAO MRS BB A st 1 5 22
HHUTI M, FEC A UL Iz SR pe E 5 g
HODII M T BRI BEZ Wb 2 53 e e 5 5 1
K B R A LR i e T & 2
NI AR 5 R R I E R e T S T TR —
YY) S BB TR 2R O AR R R DL 2T - M LR HIBEHRSESEL Ages of restoraton/a

E@Hﬁ 2a T%éi?ﬁ%( TF%E%?"] 0.738 tC- hm ™ 371 ) ( [Zl Fig.2 Dynamic of soil organic carbon in erosive land during the
2), {HBEE 5 AN AR 0 st AR K Fnpk R AR B ik B ,  restoration of Pinus massoniana
AR v ARSI, AR5 3 AR Z A

a - 3.70
£ 5 « TLRRASHRHT K R P
- g o o THRRARAAHE B A S0 ] § =
= S § . Rl 3Bl Bk i BB A DL 1365 %’ | f
& | S 40 E2s
=2 < Bl esesssseeess = o =
= J— B
I 2530 e 1360 HE
- s |, e a2 s
= W e 5 § &
E g2 K 283
S 22 Tl o 18 =
N 5 E v!-;v 1355 L 9 =
‘ O w . Vv, =
2 2 f . FEQ
E*‘,g S5 = ==
s BS 0 25
- ® . -4 3.50 o @
= 3 i N n
«» = 0 I I I I I I I I I
Té 0 20 40 60 80 100 120 140 160 180

FE MR S AERR Ages of restoration/a

B3 KERZLEAVREENTEY

Fig.3 Simulation for dynamic of soil organic carbon during long succession

BLBR A i T8t B K (B 2, 3% 6) 5 B 45 1 AR i

RIS LM LR A R, Dk E5S | B
fﬂﬁwaﬁﬂﬁﬁi%m¥ﬁ%wﬁgzﬁ§§/*4ﬂmﬁ
—0. 104tC/hm* (FRIL A B IR ) , T K I B2 3K 6. 78% @%g—; 30
6), AT Paul %% 4RI Y S BRI MR HIHT Sa £ 5% 2 0|
B PRI R KT (3.64% ) . HE i §=392363 £ 065884 00059

so 10f +2.67778 X 1075x% — 4.8444 X 1078y

WU S AT LA th, B i £ T FEAAARAE RS T £ 5 e 0999
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Table 6 Dynamic of 0—20cm soil organic carbon in first 5 years after restoration
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Fig.5 Quantity and rate of net carbon sequestration in topsoil during the restoration
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Table 7 Carbon sink and sequestration potential of topsoil during the restoration
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