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SIMULATION STUDIES ON CARBON AND NITROGEN ACCUMULATION AND
ITS ALLOCATION PATTERN IN FOREST ECOSYSTEMS OF HESHAN
IN LOW SUBTROPICAL CHINA
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(1 South China Institute of Botany , the Chinese Academy of Sciences, Guangzhou 510650, China)
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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-
terns 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~>+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~2+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~2 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 systems. 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 A.
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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R E MR T AR EREZ — 1B% (1996) Xt o (= 7 T PUHF PR 8 S B B A | 2L

20 t42 80 AEAKR A 900 R, AEELTRAR g5 AT IR B DL AT A 25 B AR AR R O 3 A 4RI

EERIAE4E & %, I FOREST( BIOME )-BGC . BIOMASS,
HYBRID. CENTURY . MBL-GEM , PnET-CN, TOPOG %
% (Ryan et al.,1996), H ' CENTURY &I FiE
AR RN MRS RAKMEFRITR
(N.P.S) MBS B RR3E, L KX s
X IR R AT AL A 7] B TR 6 #4977 9 ( Parton et al .,
1988; 1994), CENTURY &R — A b2 m A4
ARG EER, X H T 32 R . ]
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x1 SBEENTRERZENHRLSH
Table 1 Parameters related to initial status of systems and climatic driving variables

BREH o o L ik R 388
Parameters Acacia mangium  Schima superba Pinus elliotii Description

W b 5 15 1 B F2H Z 8 Site and control parameters
SAND 0.60 0.60 0.60 SAND: Wi S B ;SILT: #1%0 & & ; CLAY: #ohi& & BULKD: 1%
SILT 0.12 0.12 0.12 BE, 3 WRIPHEARR, EWRTE A TRE (EEEE,1995)
CLAY 0.21 0.21 0.21
BULKD 1.40 1.40 1.40
STORMF 0.15 0.20 0.20 STORMF: Bl it R (B HLF,1999)
pH 4.42 4.42 4.42 pH: K2 (0 ~22 em) -4 pH A (FHE %, 1990)

SR E IR A SH Extemal nutrient input parameters
EPNFA(1) 0.103 1 0.103 1 0.103 1 N TIIHE AR (t-hm2-a™ ") (P2 ,1995)

T 3% H VUEP 252 Organic matter initial parameters
SOMICI(1) 30 30 30 KB o e B - A LA (g2 m™2), SOMI: R ;SOM2: 18 ;S0M3: 1§
SOMICI(2) 91.935 91.935 91.935 . HEEEE % (1995), # CENTURY #HE % H AR E H (Panon
SOM2CI(1) 1930.73 1930.73 1930.73 et al., 2001)
SOM3CI(1) 905.64 905.64 905.64
RCES1(1,1} 13.23 22.59 45.33 TEEYEM C/N, S1~ S3 XM T EFAFE S % F1 SOM &,
RCES1(2,1) 8.82 8.8 8.82 1: #32;2. |, +HEHVUR /NN 12.6(FHFELZ,1990), 8
RCES2(1) 52.62 77.99 139.39 CENTURY B4 it A A5
RCES3(1) 27.30 40.44 72.28
RCELIT(1) 79.35 135.51 271.95 HIEW C/N, TR 22 WEEREL, BFSh238 1. Hh#2. X2
RCELIT(2) 79.35 135.51 271.95 +i

FRWAE DL P 23 23 Forest organic matter initial parameters
RLVCIS(1) 1.44 1.4 4.52 CIS(1) FRFMIE SO CPHE S’ (gm™2),(1): XE CH
FBRCIS(1) 0.60 2.27 0.34 I #4Rid, RLV: Af; FRT: 484R; FBR: /MBf; RLW: Hl25; CRT:
RLWCIS(1) 0.74 2.7 2.74 o T7HE 2.2 BESR
FRTCIS(1) 0.22 0.26 0.80
CRTCIS(1) 0.28 1.38 1.63
RLEAVE(1) 0.072 0.046 0.125 FMAEY AT N ' (g-m=2) . KA /N 25 48
FBRCHE(1) 0.015 0.046 0.020 W OHM . k2.2 MEESR
RLWODE(1) 0.0130 0.0250 0.0510
FROOTE(1) 0.011 0.006 0.008
CROOTE(1) 0.005 0.013 0.003

KA PIEBE Water initial parameters

RWCF(1) 0.175 86 0.184 45 0.170 0 1~-4 BRI HEEKE, EZHES 80 cm, B/Z 20 em, 1EF 2001
RWCF(2) 0.170 21 0.182 41 0.1757 R ELE
RWCF(3) 0.168 55 0.17558 0.178 2
RWCF(4) 0.159 66 0.186 35 0.1739
SRS Climate parameters
PRECIP(1) 3.75+£3.34 1~12 HA¥ TMX2M(1) 18.67 1~12 H¥H  TMN2M(1) 10.36 1~12 H¥H
PRECIP(2) 7.05:7.54 B HEAKE  mooMme) 18.73 BHEE(C). ™M) 1001 EER(C).
PRECIP(3) 8.83£5.19 2&‘)"0);'51918654;5 TMX2M(3) 21.50 ;;8?6 ;E;zoj‘g TMN2M(3)  13.93 ;958?6 ;ES;O%O
PRECIP(4) 16.80 + 8.07 Ty fa Ak TMXCM(4) 575 TMN2M(4) 18.53 gy
PRECIP(S) 26.5£12.2 HE, TVMX2M(5) 29.78 TMN2M(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 TMN2M(7) 24.25
PRECIP(8) 27.4+12.3 TMX2M(8) 32.56 TMN2M(8) 24.25
PRECIP(9) 20.7+11.8 TMX2M(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

BREIF o 5ME fir K BB URUN LB
Parameters Acacia mangium  Schima superba Pinus elliotii Description
CERFOR(1,1,1) 12 2 30 CERFO{R({E;‘,k)%%%%%ﬁﬁﬁ&%gmzﬂﬁ%\;;&% i;J
12k AR 2 9 R B3 3k AfE. B_NER =1

o2y ” - o E2 ML N 4 RIS WL B =T ER k= | R
> CIN, BRI E g 2.2 Wi B Y . B MR EE CENTURY

CERFOR(1,4,1) 35 75 37 B A R

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) N&IAL NPP B ELH (%), FRPHE TR

FCFRAC(2,1) 0.15 0.13 0.18 i= 1 M2 SRR 3 /B 4 RS M. FER =

FCFRAC(3,1) 0.28 0.27 0.18 1 4pK ;2 1 RAAK

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 B 2.2 ERE 2 FASWA 4 IR ASTENAEDER(REE

FCFRAC(Z2,2) 0.15 0.13 0.18 %, 1995) Bt o LLBUHESL R

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 0.038 2 0.013 59 LEAFDR(:)2H 1~ 12 Aot #& & & SRt fi(%). EFRE

LEAFDR(2) 0.020 23 0.0159 0.032 18 BAER i BRI~ 124

LEAFDR(3) 0.005 50 0.017 9 0.037 17

LEAFDR(4) 0.009 13 0.048 6 0.008 38

LEAFDR(5) 0.014 25 0.03 0.01367 AREERSBAER A 1997 F 9~ 12 H.1998 4F 1 ~ 9 H #ISEBRIIE

LEAFDR(6) 0.014 94 0.0326 0.008 72 . FRELSFEHMH DRSS Rt g 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 0.1244 0.018 16

LEAFDR(11) 0.03573 0.2287 0.023 95

LEAFDR( 12) 0.011 16 0.04 4 0.019 12

WDLIG(1) 0.23 0.20 0.19 WDLIG() A AR MM AR E SR (%), HIKBAR i=1K%

WDLIG(2) 0.26 0.18 0.18 M2 SIEAAR 3 /B4 0K 5 AR, IRIE 2.2 SEMIME A,

WDLIG(3) 0.30 0.20 0.21 ARER AERXRNEBEDSET LN 1

WDLIG(4) 0.3 0.29 0.27

WDLIG(5) 0.35 0.30 0.28

FORRTF(1) 0.34 0.42 0.54 TP RT N SR (=R, 1999)

SNFXMX(2) 0.037 25 0.000 01 0.000 01 AEYUER NRG-hm 22~ ) (T, 1996)

2.3 HEERMEAREMSERE SPSS(10.0) . RRERM BRI R, MBHRIRES

BARRTERORE S SIEZENOY 5, S W > R e S22 It 5
AR, DEHBAEWRINRERE MMEE  EER,
%,1995; F=FH 9, 1999; 7K SCH % 1995; B9 P A,
2002), 34 T 5B MW R By STI E RS s O PR AT
HBE AT ST AR o R, BTGB Y 3.1 BN BRI TS b 4
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Xt Ty o5 AH BB AR 1985 ~ 2000 4E[B]H 9 ERYA
S SEEREME te R B B RUME 5 SElE
JedER, R 1992 R ZEEE R (B 1), X5l
{H SREHITRSI AR KK, FERN 1.04, 8
EHEMER p = 0.332>0.05, HC B A BIRM T 2%
EFREELRF; R REMEZEp =0.995>0.05(F%
3), LB E SHMEZ RRE R EER, TR
CENTURY KRt 5 M BMAE D REEY B
WA EE S
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Fig.1 Comparison of observed and simulated biomass of
Acacia mangium. forest ecosystern
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iR, B HE R AOIEHT—ERERN
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47 380.6 t-hm 2/ B, 1994) , faf A 2 % b 7 1
FHRETEREFMZ —, EERIER, 2100 48ty
AMAEYE BN 352.4 t-hm 2, SH# ALK
YA YR, BN, KK 1998 4E N EFHE S
PI{E (350.1 kg-hm ™2, ZEEKZE,1999) 5HHI{H(285.6
kg-hm ™) HE R, AILAT I CENTURY #58Y Xit 1o
Abk C.N BRBERHFE. BHMAAR T
WBERLARET R, BFEHT 51T 2 #Hkas
ARRUIARHES S,
3.2 BEEETH(NPP) 54BN BRHA

R AET S5 E Y8 2 BYE CENTURY B3
PHERMBMERK C BRB Wk, P50 EN
SHMAR ASBRAEMATESS CESNN
44.6% \43.2% \46.3% ., LR BoR (8 2),7E 20
% (2005 £F) LAAT, B 5 B ARIES NPP BB KT
far RARHTEHEAA AR, 3 FhAE S R G HIEE NPP 433
HF12.2 t-hm2-a1. 6.7t hm2-a'HI 2.5
t-hm %2 ' 20 MG D S B S AMKES RS

SEYS NPP BRAER, 9K 7.1 t-hm 2.2 "H1 7.7
t-hm~2-a~ ! AR SK NPP A Z B3 I #a #, 2050
FLLREY NPP EB T 5 b AR M, B p A
NPP FeghdE# /N, 20 8 f5 NPP SEH{E 7 2.8 -
hn2-a” !, B BAK T B ok BRI AR AR, FEXTR
5, 55 AR E AR NPP SRR (B 2), FERER
BD B EGRE B E )b e BEUR, BT A
PSR TR E B BRWEES) . MESIL 3 Fh
M SERRERIERE, D A HBER A K& R
TR SR M AR S SR BT S kA
B, CENTURY AEfMEIRGF #h [ Y T X 2E 3 5%

20 r

8 ks e %G 5B Acacia mangium
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Fig.2 Long-term dy namics of NPP of the three forest ecosystems

NPP: Net primary productivity

SHEY & ShAERIERE (B 3), 5 5 EEK
A= 8 2 SRR FOE UG TN, TG 757 A bR 5 18 1 FA A
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Table 3 Independent samples test of measured and simulated biomass of Acacia mangium plantation
B Lovene f40 SHEAIB 0 1 R
I_cvt_ane S tﬁ.t for ¢ test for equality of means
equality of variances
BEH & HlE EEHME HEE  ZENRER  ZEK SRERFKRE
FE BE(p) t Degree of  Significance Mean Standard error  95% confidence interval
F value Significance ¢ value freedom (2-tailed) difference Difference. of the difference
FuERE
Equal variances 1.044 0.322 0.057 16 0.995 1.337 8 23.581 6 —48.653 0 51.328 5
assumed
I EAFBE
Equal variances 0.057 15.639 0.995 1.337 8 23.581 6 —48.746 9 51.422°5
not assumed
400 ¢ BRT 3MBMESREARRIMA C.N 2B
50 | S8 Acacia mangium  mAEA, TS R CN B A
B0 F ... BIK Schima superba el ° )
<2 300 | ®HHL Pinus elliotii 7 Bk, HRAG Y C N BAesEhnE 2 T
<= ~ AN
£ 20 | T FIBGRERRA. RO SRR S RO
g 200 | FF/";;?'kw B C.N BHE X RAMEMMN. 3 MHEARESREN
e — e - -a .
Qisor T 7 T8 C.N EHERE TRBAY; RASHHEE L
gwof [ 7 HEN R 51, 7 DR 1R R SO A R 4, AL
50 b/ T 5 RARA S T D o M S E R AR, TR
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Fig.3 Long-term dynamics of biomass of the three forest ecosystems
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Fig.4 Changes in nitrogen accurmlation of the three forest ecosystems
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Table 4 Distribution pattem of carbon and nitrogen of the three forest ecosystems
F¥ C BRHE FH NERE
Annual average C accumulation (t-hm™?) Annual average N accurnulation (t-hm™2)
1985 ~ 2005 2006 ~ 2100 1985 ~ 2005 2006 ~ 2100
A S P A S P A S p A S P

i 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
2k Stem 15.33 7.73 2.71 4] .85 50.5 19.89 0.49 0.05 0.4 1.36 0.34 0.23
HiZE Y Litter 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
14 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
43T 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: B EHEM Acacia mangium forest  S: BB Schima superba forest P:TRHUAAIK Pinus elliotii forest
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