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Abstract  Accumulation of carbon and nitrogen is one of the major functions of forest ecosystems. After estab-
lishment of pioneer forest ecosystems to restore primary forest vegetation, the functioning of these pioneer e-
cosystems needs to be monitored in order to assess the success of the restoration projects. Carbon and nitrogen
accumulation capability is among the important facts of assessment. Different types of pioneer forests were es-
tablished in the abandoned subtropical grass-slope of Heshan, Guangdong province in order to restore the sub-
tropical evergreen broad-leaf forest. Three forest ecosystems established in 1984 were chosen for this study.
Two of them were dominated by introduced fast-growing tree species, Acacia mangium and Pinus elliotii. The
other one was dominated by a native tree species: Schima superba . Our questions are: 1) which forest ecosys-
tem will have higher potential for C, N accumulation, and 2) which ecosystem would have C, N allocation pat-
tems that could facilitate the re-colonization of the dominant tree species of subtropical evergreen broad-leaf
forest in future years.

A widely-used ecosystem model, CENTURY, was used to simulate the dynamics of C and N accumulation
and C, N allocation pattern in the three forest ecosystems. Monthly maximum and minimum air temperature
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and precipitation were derived from 16-year meteorological data from Heshan Ecological Research Station to
drive the CENTURY model. Carbon, nitrogen and cellulose contents of different parts of the trees were mea-
sured to initialize the carbon and nitrogen pool of the plant system. Other parameters related to soil texture and
soil organic matter were determined based on data from published documents. Measured data and simulated da-
ta were compared using 2-tailed ¢ tests in order to validate and calibrate the model. Testing results showed that
there was no statistical difference between simulated biomass and measured biomass of Acacia mangium forest
from 1985 to 2000. Due to a lack of continuously observed data, the simulation results for Schima superba and
Pinus elliotii forest were evaluated based on closely-related information from the literature. The validated CEN-
TURY model was then used to simulate the C and N accumulation and its allocation pattern of the three forest
ecosystems from 2001 to 2100.

The results showed that the net primary productivity ( NPP) of A. mangium forest fluctuated significant-
ly during the entire simulation period, but its overall behavior was an exponential decrease. The average NPP
of A. mangium forest from 1985 to 2005 was 12.2 t*hm " 2-a™', much higher than that of the other two forest
ecosystems, 6.7 t*hm~2+a~! for the Schima superba forest and 2.5 t~hm™2+a~" for the Pinus elliotii forest.
The NPP of A. mangium forest remained relatively stable at the value of 7.1 t*hm~2-a"! from 2006 to
2100. The NPP of S. superba forest increased continuously during the entire simulation period, and exceeded
the NPP of A. mangium forest, reaching 7.7 t-hm~%+a~'in 2050. The NPP of P. elliotii forest increased
from 1985 to 2005, but stabilized at 2.8 t+hm~2+a~! after 2005. Correspondingly, the biomass of A.
mangium forest increased logarithmically, and the biomass of S. superba and P. elliotii forest showed linear
increase. The biomass of the A. mangium, S. superba and P. elliotii forest were predicted to reach 252.7
t*hm~2, 352.4 t*hm~2 and 226.3 t-hm~? by 2100, respectively. S. superba forest ecosystem has greater
potential capacity for carbon accumulation than the other two forest ecosystems in this study.

The nitrogen accumulation of the three forest ecosystems basically had similar dynamic behaviors as those
of carbon accumulation, but the nitrogen accumulation capacity of A. mangium always remained the highest
among the three forests. In 2100, the nitrogen accumulation of the three forests reached 7.2 t*hm~2, 1.9 t-
hm % and 2.2 t*hm ™2, respectively. C and N allocation pattern within the systems changes through time, but
most C and N are allocated to stems, branches and roots of the systems. Comparably, leaves and litter contain
a very small proportion of the C and N resources of the sysiems. The proportion of C and N allocated to leaves
of A. magium forest decreased at the age of about 20 years (year 2005), while leaf biomass of S. superba
and P. elliotii forest increased around year 2005. This matches the actually observed canopy shrinkage of 4.
mangium forest.

The simulation results demonstrated that the pioneer forest dominated by the native tree species has more
potential for C and N accumulation and canopy structure maintenance. Canopy shrinking of exotic forest e-
cosystems at the early stage of forest development may result in the invasion of some sun-preferring shrub
species, which may retard the invasion and reestablishment of the dominant primary forest tree species. Thus,
we recommend that native tree species should be used for establishing pioneer forest ecosystems in the process
of restoring primary forest vegetation in subtropical China.

Key words CENTURY model, C and N accumulation and allocation, Forest vegetation restoration
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Table |  Parameters related to initial status of systems and climatic driving variables

BRAK I FEE i A T Hh PR L]
Parameters Acacta mangium Schima superba Pinus elliotii Description

B FT b £ 45 BB 45 24 Site and control parameters
SAND 0.60 0.60 0.60 SAND: Wpi &8 ;SILT: & &; CLAY: ¥8.& & ;BULKD: +i#
SILT 0.12 0.12 0.12 BEH, 3B EMR, &R TR (FEE%,1995)
CLAY 0.21 0.21 0.21
BULKD 1.40 1.40 1.40
STORMF 0.15 0.20 0.20 STORMF: R F (B L%, 1999)
pH 4.42 4.42 4.42 pH: FJZ(0~22 cm) H3% pH [ (ZFEHEE%,1990)

HNAE R HA 2 External nutrient input parameters
EPNFA(1) 0.103 1 0.103 1 0.103 1 N TR RE (1-hm 2+ a™") (BECHESE,1995)

A HUFEY RS Organic matter initial parameters
SOMICI(1) 30 30 30 R EHE L IEAPR (g m™?), SOML: HR;SOM2: 18 ;S0M3: &
SOMICI(2) 91.935 91.935 91.935 M, PEZERLH (1995), # CENTURY #2442 X E i (Parton
SOM2CI(1) 1930.73 1930.73 1930.73 el 2000
SOM3CI(1) 905.64 905.. 64 905.64
RCES1(1,1) 13.23 22.59 45.33 HIAH YL C/No S ~ S3 3R F FAR2AS R 4% 3 10 SOM &,
RCES1(2,1) 8.82 8.82 8.8 1: #3652 BH., HHEEVUR /N HH 12.6(FEHELRH, 1990), 1%
RCES2(1) 52.62 77.99 139.39 CENTURY #(B#43 ity 2057
RCES3(1) 27.30 40.44 72.28
RCELIT(1) 79.35 135.51 271.95 Y C/N, FE 2 2 ESRED, wBEPhEH01: k2 RE
RCELIT(2) 79.35 135.51 271.95 +i%

FEMA YRS S Forest organic matter initial parameters
RLVCIS(1) 1.44 1.4 4.52 CIS() TR AP IHAH CHMEE R (g m™?), (1):KE CH
FBRCIS(1) 0.60 2.97 0.34 fIZEARiC, RLV: Bf; FRT: 4048 ; FBR: /M ; RLW: #125; CRT:
RLWCIS(1) 0.74 2.7 2.74 Mo J7ik 2.2 KSR
FRTCIS(1) 0.22 0.26 0.80
CRTCIS(1) 0.28 1.38 1.63
RLEAVE(1) 0.072 0.046 0.125 B IO N H ' (g m™2), KA /L2
FBRCHE(1) 0.015 0.046 0.020 RO 77k 2.2 MBEEER
RLWODE(1) 0.0130 0.0250 0.051 0
FROOTE(1) 0.011 0.006 0.008
CROOTE(1) 0.005 0.013 0.003

KA 4250 Water initial parameters
RWCF(1) 0.175 86 0.184 45 0.170 0 1~4 2R A KE, HRZHESD 80 em, B2 20 em. 1EH 2001
RWCF(2) 0.170 21 0.182 41 0.1757 FEREE
RWCF(3) 0.168 55 0.175 58 0.178 2
RWCF(4) 0.159 66 0.186 35 0.173 9

A AEBE Climate parameters
PRECIP(1) 3.75+3.34 1~12 A ¥ TMX2M(1) 18.67 1~12 ¥ TMN2M(1) 10.36 1~12 H¥1
PRECIP(2) 7.05:7.54 M EKE  mvoMQ) 18.73 WEE(T)e vamM(2) 10091 BEECC),
PRECIP(3) 8.83x5.19 (@I985~ myoya)  o1sp 1985 ~ 2000 pyyz) 303 1985 - 2000
PRECIP(4) 16.80£8.07 %0 * 16 TMX2M(4) 25.75 16 ¥ TMN2M(4)  18.53 F 16 FFH

3 39 {8 A AR f& i

PRECIP(5) 26.5:12.2 g, TMX2M(5) 29.78 TMN2ZM(5)  21.90
PRECIP(6) 28.6+10.5 TMX2M(6) 31.34 TMN2M(6)  23.58
PRECIP(7) 23.6+10.5 TMX2M(7) 32.30 TMN2ZM(7)  24.25
PRECIP(8) 27.4+12.3 TMX2M(8) 32.56 TMN2M(B)  24.25
PRECIP(9) 20.7+11.8 TMX2ZM(9) 30.97 TMN2M(9)  22.86
PRECIP(10) 6.10+6.41 TMX2M(10) 28.36 TMN2M(10)  19.77
PRECIP(11) 4.47 £6.66 TMX2M(11) 23.87 TMN2M(11)  14.70
PRECIP(12) 2.87+2.50 TMX2M(12) 20.30 TMN2M(12)  11.12
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Table 2 Parameters related to the proportions of C and N allocation

E 3 C40 o EHE T A T LEIN LB
Parameters Acacia mangium  Schima superba Pinus elliotii Description
CERFOR(1,1,1) 12 2 30 CERFOR(i,j, k) MHIMIAL IO C/No FERFME LR i=
CERFOR(1,2,1) 12 7 30 1RBARM; 2 N EE:3 MM MGBE. F-1E8 =15
CERFOR(1,3,1) 15 55 16 2 AR 3 %:IZBH?Z‘M Mﬂ%;fﬁyﬁﬁ%o BEAER E= L RR
CERFOR(1.4.1) 3 75 3 CIN, iﬂfimﬁ{ﬁﬂaﬁﬁk 2.2 WES . REMEAUAYE CENTURY
o #HEA BN AXE S
CERFOR(1,5,1) 35 75 35
CERFOR(2,1,1) 30 35 43
CERFOR(2,2,1) 30 65 43
CERFOR(2,3,1) 45 80 60
CERFOR(2,4,1) 120 175 135
CERFOR(2,5,1) 120 185 135
CERFOR(3,1,1) 20.45 30.76 39.25
CERFOR(3,2,1) 20.57 47.26 44.01
CERFOR(3,3,1) 38.26 75.24 36.11
CERFOR(3,4,1) 93.69 178.24 97.31
CERFOR(3,5,1) 94.00 178.3 97.31
FCFRAC(1,1) 0.24 0.20 0.26 FCFRAC( i, j) &340 NPP YECHET (%), FEMPE— TR
FCFRAC(2,1) 0.15 0.13 0.18 i=1 49052 IR ;3 /MR 4 AHHZE S R, B AER =
FCFRAC(3, 1) 0.28 0.27 0.18 LA 2 AR
FCFRAC(4,1) 0.19 0.23 0.22
FCFRAC(5,1) 0.14 0.17 0.16
FCFRAC(1,2) 0.24 0.20 0.26 P 2.2 S 2 ARSI R 14 R ARSI AEY R (RIEE
FCFRAC(2,2) 0.15 0.13 0.18 % ,1995) T o HUBIHESS 45
FCFRAC(3,2) 0.28 0.27 0.18
FCFRAC(4,2) 0.19 0.23 0.22
FCFRAC(5,2) 0.14 0.17 0.16
LEAFDR(1) 0.006 72 0.0382 0.013 59 LEAFDR(:i)H 1~ 12 Ay & & St BN G (%), 5P
LEAFDR(2) 0.020 23 0.0159 0.0218 WER ZRI~12A
LEAFDR(3) 0.005 50 0.0179 0.037 17
LEAFDR(4) 0.009 13 0.048 6 0.008 38
LEAFDR(5) 0.014 25 0.03 0.01367 A EERBIEE A 1997 5 9~ 12 A .1998 £ 1 ~ 9 A M LFrill &
LEAFDR(6) 0.014 94 0.032 6 0.008 72 {8, FARYE YER A ) B H LA 0 IR R
LEAFDR(7) 0.018 34 0.1177 0.002 86
LEAFDR(8) 0.020 83 0.265 0.009 63
LEAFDR(9) 0.017 93 0.1459 0.0195
LEAFDR(10) 0.023 30 0.124 4 0.018 16
LEAFDR(11) 0.035 73 0.2287 0.023 95
LEAFDR(12) 0.011 16 0.044 4 0.019 12
WDLIG(1) 0.23 0.20 0.19 WDLIGG) AW A BB MA TR TR (%), FRTER i=1R
WDLIG(2) 0.26 0.18 0.18 032 AR ;3 /N 4 HLEE S IR, AREE 2.2 SEWER AR,
WDLIG(3) 0.30 0.20 0.21 ARE FREEMGBEYSEEFLZHN 1
WDLIG(4) 0.34 0.29 0.27
WDLIG(5) 0.35 0.30 0.28
FORRTF(1) 0.34 0.42 0.54 YR N B (ZEEHEE,1999)
SNFXMX(2) 0.037 25 0.000 01 0.000 01 AR N (thm2-a~ ') (T A%, 1996)

2.3 HREMEMRL IS HORE

PR 56 5 B RAG TR HUE 5 L E 2 (H )
AR, SAHEAEY R LMBIERE (RIEE
4,1995; 2= K %, 1999; 5k SCH %%, 1995; H TLEE,
2002) , X Sy o A6 S 4 8 1 S0 R R AT
PR, AT M ST RE AR ¢ S, BTG R

SPSS(10.0), A M HBIES R, B AR S
3, EERUE S WNEZ [ ARG T R R
EES

3 SRS
3.1 ISR ET ST
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Fig.1 Comparison of observed and simulated biomass of

Acacia mangium forest ecosystem

AR A Tl 2 % B2 B LI B, TE kAT
WAL, (At R TSR A U # AT — R
TEM . 1R (4 P BRCRE SR R AR A
9 380.6 t-hm~2(Z/DBESE, 1994) , Fof A SE M 1
B E TR —, FEEPIEER, 2100 £ fr
R B H 352.4 t-hm™ 2, 5075 M 2R ARG
W BRSBTS, AR 1998 4 N R SE
M (350.1 kg-hm 2, 2584, 1999) SHHIE (285.6
kg*hm ™ 2)WHHE T, BILAT WL CENTURY A8 5L X fif
Ak C N REBE N FE, WK E TEZ %
R R BAT LA 56, (B T HHE 2 Fiobkar
IR IESEL
3.2 HWIRAEJI(NPP) 5HEWERESEE

HRIR AT 54 B R AR YE CENTURY 31
FEA R BT BN C BB R, ASHE ST I E 1Y
o BRI R S I A AR 3 & C 'l
44.6% 43.2% \46.3% ., FELER s (B 2),7E 20
i (2005 4E) LLRT, 5 5 B AR AR NPP BI R KT
TIARMABHAS, 3 P RGN T3 NPP 535
F12.2 t-hm™2+a1.6.7 t-hm™?-a ' F 2.5
trhm=2-a~ 1,20 LU 5 AR S RAMAES RS

Fth NPP BN, 88 7.1 t-hm™2-a” ' F1 7.7
t*hm~2-a” ' AR NPP 45 2 i 38 I i 44 %5, 2050
fELLE S NPP B E T 5 o AR, 1 M AL AR
NPP B EhAE® /N, 20 W J5 NPP HX{E N 2.8 t-
hm~2-a”!, B BT 3 o5 A R RT AR MR AR
e, D HRBARR NPP BB K (E 2), FEFERH
S O b RE AR R BB ) A8 Ak L ACHHURE, Bir A
BES R T AL 2B RN . AWESIL 3
Moy KAEOLE , D o A SRR 9 A K B Dl
AR MRS 1 A AR 5 5 M A B AR T S A
B, CENTURY MEHIEARLTH SN T iXSe 25

ks T HHE Acacia mangium

6 b . #A Schima superba

g \ BHAL Pinus elliotii
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Fig.2 Long-term dy namics of NPP of the three forest ecosystems

NPP: Net primary productivity

Xtk )8 B sh AR B (B 3), 5 5 A Ak
He i 5L BRSO A 0, T e AR PR 55 3 b A AR
YRR EHR N, i AHEARLE 2005 4 LRI A
Y BRURGE, 5 HE K NPP AR, 2005 £ A4
e 2R5A 155.4 t-hm ™2, B B & F AR (80.3
tohm " 2) FIIBHIAA AR (40.5 t-hm=2), {HE] 2050 4
A ARARARE A 4 R BV R B o5 A AR, DR
ARSI YR BRREE A THARARI A=)
£(226.3 t-hm™2) 7E 2100 M08 3230 5 o5 AH B AR
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3.3 N ZBWEKMahE

o B A E R P, JE N BRRRE & TR
HITHANL) 5~ 6 5 (B 4), T AME N BRELE
2040 4 LART R THEAR AR, Z97E 2065 4F- 5 MR HBAA AR
N B ER AN E 4), 2006 ~2100 54
HER N 2HE NN 1 t-hm 2, i 1985 ~ 2005
HEH N BB PRSI TA S5 trhm ™%, TG
LA RN RERENET R SHEYER
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Table 3 Independent samples test of measured and simulated biomass of Acacia mangium plantation

%577 % Levene B
Levene’ s test for
equality of variances

HEAHEN %

¢ test for equality of means

F{& i 51 B

B BEMEME  WEE EEORER  EER 5% EGEXE

F value HER(p) + valu Degree of  Significance Mean Standard error  95% confidence interval
Significance © freedom (2-tailed) difference Difference. of the difference
Sl MR
Equal variances 1.044 0.322 0.057 16 0.995 1.3378 23.581 6 -48.6530 51.328 5
assumed
FERER
Equal variances 0.057 15.639 0.995 1.337 8 23.581 6 -48.746 9 51.422°5
not assumed
400 BART 3FHEMESREARIAL CN ALK
W0 b e Acacia mangium . WAL, DAL 2 R CN R XS
- @ chima superba e’ ) .
% 300 | @HAL Pinus elliotii L Bk B 0, v ARG C N B SEE NS B T R
< 250 T FERERRE. HATIAAAARE SRR AN
é 200 | e ';7:7”/\' fiy C.N ZREEZ 2L, 3FHEMESRER
E‘ 150 T i 3 C N BREME TRERES LA SR L
§ 100 // e E N BRI A1, 2 B HS X B ek iR T i s Y, AU
50 b e SEIRAR G R B T S R R B AR RO AE . AR
0 ke MAESRGR L N BRUERME LI, RIH
1985 2000 2015 2030 2045 2060 2075 2090 ﬁﬂgi% N ?*‘]‘H‘E
F4X Year e R
B 5 HUF] LA ), S AR AR F AL CON
K3 3RS R R K BSE SRMEE 2 Fithko M CN BRERYAE

Fig.3 Long-term dynamics of biomass of the three forest ecosystems

A BB Acacia mangium
O WK Schima superba
o WBHhFR Pinus elliotii
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Fig.4 Changes in nitrogen accumulation of the three forest ecosystems
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NEFIE Nitrogen accumulation (t-hm?)
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RO BOHS R B Bh A AR b a3 B2 4 Ry B i B 2 1985
~ 2005 £EF1 2006 ~ 2100 4, 53 F BB B 48 F- 1
R 8 C N BRERZL, SR ME 4 im. 5
A EARR I C N BB HI TR 1.85 t-hm Al
0.20 t-hm~2; F57%5%) C 2B T 1.20 t-hm >N
EFHEWN 0.06 t-hm™2, FAMKKM C.N EHE
M43 FHEA 0.09 t-hm ™21 0.05 t+hm~2; B HBAA AR
HC N BB BIHEAN0.57 t-hm2F10.02 t*hm >
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Fig.5 Changes in carbon and nitrogen allocation pattern of the three forest ecosystems
a, b: T AHEBAK Acacia mangium forest ¢, d: TAM Schima superba forest e, f: MEHIFABK Pinus elliotii forest
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Table 4 Distribution pattem of carbon and nitrogen of the three forest ecosystems
T C FRE FHNERE
Annual average C accumulation (t*hm~?) Annual average N accumulation (t+hm™?)
1985 ~ 2005 2006 ~ 2100 1985 ~ 2005 2006 ~ 2100

A S P A S P A S P A S p
it Leaf 6.06 0.49 1.20 4.21 0.58 1.77 0.59 0.02 0.03 0.39 0.02 0.05
A% Branch 7.26 3.32 1.74 11.71 7.25 12.43 0.55 0.05 0.06 0.88 0.10 0.32
2% Stem 15.33 7.73 2.71 41.85 50.5 19.89 0.49 0.05 0.04 1.36 0.34 0.23
&Y Liver  4.85 0.86 0.25 3.65 1.23 0.44 0.26 0.02 0.01 0.32 0.03 0.01
4 Root 18.57 8.63 3.97 36.82 35.7 28.61 1.42 0.12 0.09 2.45 0.38 0.64
1 5 Soil 29.00 18.9 17.55 21.75 14.3 10.47 0.86 0.48 0.29 1.10 0.52 0.22
A1f Total 81.07 39.93 27.42 120.0 110.0 73.61 4.17 0.74 0.52 6.5 1.39 1.42

A: T S HREMK Acacia mangium forest  S:f8j K#R Schima superba forest P TRHUFABK Pinus elliotii forest
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AHFSE R R — R ST X S B RS
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PRAR AL MR BE AR 1, TR HOL 285 SR R A METf 3tb S e 1
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oA R A B EUAR R A T, B R AE R AL & 2R
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B A DA 45 R . 3 5 AR AR AR B B AE 2000 4F
AT TR, 5Ebrm i b AR S L HE
RIS E . FTLh, CENTURY A8 (AT {7
e, H5C F CENTURY MR af IR S RS
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