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Abstract; The carbon (C) cycle in rubber plantations, which are located in a suitable planting region (altitude 550—600
m) in Xishuanghanna, was simulated using the Biome-BGC model for the period 1959—2012. We obtained the following
results. (1) Compared with the actual measurements, the accuracy was 98.37% and 90% for the simulated annual gross
primary productivity ( GPP) and total respiration ( Rt), respectively. Because of an underestimate of GPP and an

-2

overestimate of Rt, the simulated annual net ecosystem exchange ( NEE) was 157.35 ¢ C m™ a™' lower than the measured
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value. However, the accuracy was greatly enhanced when dry rubber C stock (139 ¢ C m™ a™') was taken into account.
(2) During the initial 8 years, rubber plantation acted as a C source because of the higher heterotrophic respiration rate,
with an average simulated NEE of 357 ¢ C m™ a™'. Subsequently, however, the balance changed to C sequestration, with an
average simulated NEE of =146 ¢ C ma”™'. (3) Rubber plantation sequestrated 1 835 ¢ C m™ during a 40-year rotation
length, which is lower than that in tropical rain forests, which fixed 6 720 ¢ C m*a”" during the same period, indicating
that rubber plantations established in areas of former tropical rain forest might lead to C release, even during a complete_life
cycle. These results enabled us to gain a better understanding of the impact of rubber plantation on the local carbon cyele. Tn
order to reach a sustainable balance between the regional economy and environmental protection, it is suggested that the
local government should not only regenerate older rubber plantations in a planned way to maintain C balance in the rubber

plantation ecosystem, but also pay considerable attention to the protection of tropical rain forests.

Key Words: rubber plantation; net ecosystem exchange; Biome-BGC model; Xishuangbanna

H 1975 LIk, KRB COMREERIN T 40% ,21 8 R W K LUG RS0 RGN 5 B8 CO, HEUE
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1.2 W5k

1.2.1 Biome-BGC FiRIHA

Biome-BGC BRI M — 1R [ Forest-BGC iR & @ 1 K 1), 5 Forest-BGC R HifE T4 A S R4
W E KGR EE , Biome-BGC AR 0 HLAG 35 1 | AT ARHDLHY SR BT bR 5 R I Ak 7 E T Ik (T ol
AR C, A | C, AP FIFEAMIL 7 Fid g A i i R K R PR30 #2528 B A2, Biome-BGC AR
I CIBEFEME , TS [ 58 5 R K27 FRR 7 B il 1 2y 25 BB A2 400 141 BA ( Numerical Terradynamic Simulation
Group, NTSG) R, T %% Biome-BGC4.2 fT, A5 Y BE 1A 4 i 5 i B~ e g 2, BV WEA R 48 i) o Al
BETREERGE TP RMGERIN EEH RGN AR BABF S W, Whie' ' )

1.2.2 Biome-BGC FAIZS%)

Biome-BGC 7Y (ki ASEAFEREIX S50 DL H WP KRG FOR A S BUH 8L A58 P g ek iy
FEX SECANER B R BRIk [ b R4 BE VG S 8 #AH BRARAE 2 Rt 50l , oM S50k | Sk (=
1) ;1980—2012 4F- (1) H S G E0 45 P Hb FE B2 e v XU Ri 20 #0HY ZRARAE 28 28 eI 52 i I 2K A5, 1980 4F LLRIT A M
ERRLELTOTER, HRGEIEN WA A, el A4S 366 RVEHEMIER ", T FH L Py fvs T
B PEATHANG |, A MT-CLIM F254E /i, Biome-BGC 75 B il SC/F &0t Z 0GR, A B A BB B R 4%
A S BIERCR AE(E 1)

FR1 B Biome-BGC EEHER SHMNEBESSH

Table 1 Site and ecophysiological parameters of rubber plantations in Biome-BGC model

8 i e i
Parameters Value Parameters Value

FEIX S5 Site parameters

HEE/(°) 22" kL % 2912930
AR MKERE/m 1 Hiki/ % 35029-3%0]
WHK/m 570" Bk % 36123
S B8R /DIM 0.21* AP E+ENE (kgN m™2 a™h) 4.246x1073 [33-34]
KEADE/ (kgN m™2 a™t) 9.86x 1074 [31-32]

He S FRBHL Ecophysiological parameters ™

AR YRS I Y L B 0.2 AR T B S A S L A9 0.3
AR 7 I R L] 0.2 YIAR A 4E R 1Y H B 0.5

I 5 AR A BT L A1) 0.5 AR AT 1 L A 0.3
T 7[5 2 GUAT 5T b Bl 0.7 FEA R 204U £ 4 2 Y L B8 0.8
HRARY A BIFE T L B 0.0 FEA 20 4L b AR BT 2 9 L B8 0.2
TR KAERIFET LA 0.0 5ef )2 R/ (mm LA™ d71) 0.0
B AR I R B 2 L 1.0 TR RE 0.7
B EZE S IR AR A R L 1.0 L T A B R H 2.0
HETR AR RIS S A AL R & 2 0.2 52 e B (R B AU / (m? kg ©) 12.0
HEHUAR 5250 & 2 L 0.3 BRI 55 BEI Y L TR L 2.0
FATF Y44 K B 9255 Ll 0.5 4R 3 Rubisco B B4 He A1) 0.1
MR L/ (kg C/kgN) 42 TR (LB IBF) / (m/s) 0.0
FAMC S B TS R A L/ (kg C/kgN) 49 FW TR (BB ) / (m/s) 0.0
AARBR A L/ (kg C/kgN) 42 AR CEBOE AT / (m/s) 0.0
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SR {H 28 {1
Parameters Value Paramelers Value
AR TTHLABA L/ (kg C/kgN) 50 AL RS/ N it Fr 7K 5/ MPa -0.6
FEAR BTLH SN A L (i S A 387 ) / (kg C/kgN) 300 SALZE IR HI I I K #/ MPa -3.9
W U9 v B G e S LB 0.3" SALIFHRGR /N A RIK S 2/ Pa 1800
I F 8 75 ) T 27 4 2 1 ) 0.4 KALTE 2RI RIK S 2/ Pa 4100
W8 5 0 v AR TR 26 1 E 1) 0.2

Leaf litter lignin proportion/DIM 0.2

DIM ; Dimensionless; LAI: leaf area index; * (4 AR T o [ k27 B VG RURR 20 BT TR AR A 25 R GEFFE 0 ; Data came from Xishuangbanna Station

for Tropical Rainforest Ecosystem Studies; * * BeHE 2 EF Whitel '4)

1.2.3 Biome-BGC A [E] 4L

Biome-BGC HEAY (RIHL43 W20 5L, 55— 2D ARG AL LA ) 4 RS 5 R IE B T B RR IY . W0 i6
AR IRATAT PRI, — S B A AU E B e 9 () R, — i o A5SR! [ 45 (1) Spin-up F)7,
£ Spin-up 3R REASTADUES i 0 B SR R B A I AL (P e AR A7 B2 0.001 kg C/m® , H B PR IR EAE
EYH 0 kg C/m?) R ERHUECTAF, HBELL A 30 & 2= 122 5 /h T 0.0005 kg C/m’, BRI R G A EIER
TR Spin-up i FELE R 5 R IR BRI AT O A R A T R YRR R A be L, 25 s 3 Ra e IR AS
AR T BB BT, SRR A [kt A s A R A A e ik, B % Thornton S5 B350 K219 1%
FUHARF AKLIEAR TR AR | B A b LU AR FEA 5T 5% 1A R % 50% , it | b1 0 9% 4 A AR 4kl e o
BRI RLEENE A 74T 10 g C/m®, BUIERARBEAR A 25 R R R IO IRZ — , PIRAE L) 3.846 ¢ N/m?* ™

Biome-BGC BRI Se AT Moeit 3 . ARV e ek 1 A 2= 7 A ARSI, 11 AERE 1 A9k
I, FESEATEM I, RER AL A FEIL(GPP) N E DT RS MAE T XU B 1—2 A ik
B GR  AB 95 R T LT [ i % A, T LA T 550—600m (14 X 38, BB AR (9 H GPP Fl e I 1o AL
BOFAR BB TR LA RAR AN —Fh o g F T AR AR o & 8], [R5 lE 5K
IR, 25 7KO6T A K A Bk N 4 ARk A 1219,
1.2.4 ARG SH

AHFFEAEAL T U SR T HK 550—600m BRI K 1959—2012 4EFUBRIEHN , BRI Z 500 [F]— X B P
33 AP A A OPR 14 R JEE AH S S | ORI 42K 325 2 A vy IR 2 g P U 40 A AR AR 25 R e 5 i Y B — 1
JEAR A TREPS (21°56'N, 101°15'E , #54K 580 m) Hr 7 WL a] 4 2010 4 7 F—2011 4E 6 .
1.2.5 HdlEab s 5507

Gt ot SPSS 16.0, BHDE 5 SEIE AR DS MR G Pk 1 43007, 25 57 B /KPR a=0.05,
SigmaPlot 12.5 #kA- Hil fE &I 2%

20 ERESH

2.1 BRI

F Biome-BGC ALEIBLALL T PHRUR LN 1959—2012 AR BEARAIRRAGER , I MBLHAZE R b 3 10T 5 5S4
FRAXF LRI AR GPP S EI (Re) Al NEE SR J5 2 18 Hidy' "' A9 7535 , WIRBUE (7 & 2011 4F & 4R R
DITH PR SBARAE bR sh i . 5 AR L, [ 4L S5 1 Biome-BGC AR 78 X 45 J5E MR 1 B4 F) A5 48 355 SR
AR, H GPP B 5 SeiE A 5 280 0.58 42755 0.66 (£ 2) iR 22 T4 T2 b il 2= /2491
(1 ARAIERA 5 A ) BIBBLEE AR AL, XTI AR I (9—10 H) AUBIURAR (& 1) s BRI 5 X H Re g
PSR A -, AADUE 5 S A A OGS 0.92( 36 2) | BEADUE b SE IS 5 (& 1) 552 GPP ALHUE AR AT Re
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HLUEL G 25 19 36 RIS, ORI AL S XT H NEE(NEE S 6 (S 2R BRI, NEE 4 TF (1 2R BB ) FOBHIACR
AR 2 LA 5 SN B9 AR SEMEAL 0.39, BRUE MR TSCE (2 2, 1) . WERIBENRE (F£3) , B
BG4 GPP AT R 22 -21.76 % FFARE - 1.62% ,AHUE L SSMME K 41.61 ¢ C m™ o™, BANEJE 4198.37% ;
AF Rt AR 22 - 11.74% F#% 5] 9.04% ,FEADE HL S 7 205.82 ¢ C m™ a™" , B& 40K 4 90% ; 4F NEE
B LSS AR 157.35 ¢ C m™2 a™' MR 2E 4 63.7% , X T E 5 Biome-BGC BLELR BEBL T I P A K,
33a MRIRAZ AR TR A R 139 ¢ € m ™™ a1 DR e 2 i e i i et , 280 ) A I )00 85 SR 45 sl i
o8, KRG A Biome-BGC AR AT F T P8 WURANAZ I bR AL 25 R GERRIG R A RRALL

*2 HBE#H A GPP Rt NEE LillES#EMEMNEXES T
Table 2 Relative analysis between measured and simulated daily GPP Rt NEE in rubber plantations

T A Original model [E] 4k A Assimilated model
384U Index of carbon exchange

= 7 % R R? P |15 5 78 R R? P
BARE T

Y=0.16+0.899X 0.58 0.34 0.01 Y=-0.221+0.952X 0.66 0.44 0.01
Gross Primary Production, GPP o < o <
S

L Y=0.034+0.877X 0.74 0.54 <0.01  Y=0.585+0.998X 0.92 0.84 <0.01

Total Respiration, Rt
N o5 Z A
HES AR A Y=0.339+0.346X 0.27 0.07 <0.01 " ¥=0.041+0.424X 0.39 0.15 <0.01

Net Ecosystem Exchange, NEE

Y ARAUME, simulated valued; X ; SEI{E , measured valued

* 3 KEHME GPP Rt NEE Eill{E SREBERIRZE S

Table 3 Error analysis between measured and simulated annual GPP Rt NEE in rubber plantations

MV/ JEARH Original model [AIAEAR Y Assimilated model
Cm2a! Sv/ RD/ Sv/ RD/
(gCm™a™) 2 -1 2 -1 RE/% 2 -1 2 -1 RE/%
(gCm™~a’) (gCm™~a) (gCm™~a) (gCm™~a)
GPP -2559.64 -2002.70 556:93 -21.76 -2518.03 41.61 -1.62
Rt 2312.62 2041 —271.62 -11.74 2522.44 209.83 9.07
NEE -247.02 38.29 285.31 -115.50 -89.66 157.35 -63.70

MV . SZ{E ,measured value;SV FREAE ,simulated value ; RD; #Xf225% | relative difference ; RE ; HiX1 1% 22 ; relative error

2.2 KRR IR BAE PR S (1) 5 e

SALEEYIK AR E TV B SHEY G SRR UV 45 AR R S PR AR OG . 7
Biome-BGC A rfr Al yal FI K 43 (0 2 /0 B <AL S BE . 7RV SR HLIX ARk P AT K3k 188d Y55
H %5 H AR 2 0 257K B B8 4 5 4R R KB 1Y 1.1% , B R ESRAN T T BRI 2 T 3OS
55 K XA AR AG R (R RE ), AR SEARAEL T B K AN I A S5 /K RN A S5 /K AR 5, 285 SR B FERE 7K i
AZ K, GPP #I Re [Al i NEE 3 B R840 (18 2) . EAEREK T INAZSIK G, NEE 535 (5 K 8
/D NEE 7E 1969 41 L5 BIVRFRF LABR R MCA 3 |, 26 B 55 /K X AR I MRk i =2 A 4Dl =LA fE R VE L 78 S5 22 4 i v
F Al R A K H i A Z5 K AR 28 2R
2.3 BRI BRI A

MR 3 0T LU H AR IR 1 5 07 052 it A 00 A B (0 8 o T 2 9 1 0, AEARBL AT Sa 5 Y SRR BT ER S5 470 11
32 g Cm2a ' HINF] 2 108 g C m2a™ , ZJEHEFF7E 2 100—2 600 g C m2a™ ' Z[H], FFRMPI AR LA 5 H 55
PRI T SF A R, ERADL A AT 4a AR FH20 1 276 g C m™%a™', 4a J5 T35 PR RGH FRARIF7E SR 10 4R 224G 3k
FIFEIRES P2 496 g C m™a™ T 4a 1Y 2/5, AR BORR ST B IS 1] 1) 28 16 55 1 3% I I A 722 Al B AT —
2, 4a 1959 4E 1492 ¢ C m 72 B HNF] 1962 4542 374 ¢ C ma™" |, 4a J5 BPFIRARSSAE 2 776 g C
m”a” A,

W IEMAE: GPP FIAE NPP YFERUEE 3—4 AP, 2 5 i 2 Fa e R, /3 AR FE7E - 266—-970 ¢ C
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Fig.1 Comparison of simulated daily GPP (a), Rt (b) and NEE (c)-in rubber plantation using the assimilated Biome-BGC model with

the observed values
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Fig.2 The effects of fog on annual GPP,Rt and NEE in rubber plantation
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m2a” Fll-2413—-3226 ¢ C m*a”' ZIA] (Kl 4) . 4 NEE 3000

TEAA A TRORT 8 4F L1 357 g C m™7a™', HAA K Z o

BT 0, W R MR LR HE R 1 (36

B 2855  C/m) 18 FELUR BRI BOR SN NEE By 2

INT 0, 32~ 146g C m™a™ B RBIL, AT B f; Q 1

SPHTAL N, 4 NEE B OO AR 63.7%, #0464 22 1000 1

NEE BUBUERNN 63.7% AR BEMA 55 R A5 B RIIETT 8a 50| |

Fo A A BRI BRI (T 4) . P IR AT AT LA A5 ) NV , , ,

7 AR RIAR Y T 8a HLRRR VB, 8a LUJT Hhy e 5% o 5 1960 1970 1980 1990 2000 2010

Sy Year
T L 40a A AR K bR B A T B 0™ 5 2 )

LI BRI bk — £ P ] [ S 8 1835 @ C/m> . TR B3 1959—2012 FEREHE Rt S5 (Rh) JEFEMER (Ra)
’ ° R

8 X5 O 1 4E B ( Ra AT Rh) A [ Bk A (GPP., Fig.3 Simulation of annual Rt, heterotrophic respiration (Rh),
N o NTSSTNE N \ hi irati R i bb It i duri
NPP) E@%/ﬁ\ﬁj\ﬂ?kfm ’ %M*ﬁﬁ*ﬁ*ﬂ%ﬂﬁﬂz% [/J\ %:nyl]‘ ;l;;(;ti);nl; respiration ( Ra/) in rubber plantations during
DRBBRR, 32 v R 114 5 R R R 4 58 ) ] Bk FE

(GPP NPP HJ#I%) 515&

0r 0 1600
\ ——— HHME
=500 r -200 1200 — BB+ 63.7%
7. 1000 | = I = |
R's -400 R s s 800+
ﬁ £ -1500 | i;'e s |
xS 17600 %Y w400 H\|
N op N 6n R o0
R< 2000 R< wu | I\\ I‘\
& 2800 & & #H 8 0 F-Ying A A
G -2500 Z &2 [ IAYVY WAARN M
-3000 | 4 -1000 -400 | i N \ |
_3500 I I I I 1 1 1 1 1 1 1 _1200 _800 n n n n " "
1960 1970 1980 1990 2000 . 2010 1960 1970 1980 1990 2000 2010
Ay Year

B4 1959—2012 FEEME NEE,GPP #1 NPP L
Fig.4 Simulation of annual NEE, GPP and NPP in rubber plantations during 1959—2012

3 iTtig

ASTIF 5T AR5 IR A SE B L, % B8 T AR AR AR X A M ) 785 PR R R AR AR L AT o EAR A5 R 2 %o
BT 7 S A0 AL, [R1E 5 9 Biome-BGC X AR MBI SE RSB R4S T BRI el . XF4FE GPP AH
PR B Y 78.34% 42 1= 21| 98.37 % , LAUE 5 SIMEL A OG0 0.66, AN GPP B9 H ZZ{E K, % H GPP (54l
fEAE TR EMZEHI(1 A PR ERE S ) WAL, ER AR (9—10 ) s, X T RE S5 A &1
KA FH WA G, BRI ARAE T 28 1) R 2 3l ) FE R 2 AR MR S R FH 2 0—30 em L3
(K43, % 70 em DL )2 H K RS e 2)5 10, 70 em DUE 2 MK 3Bk R TERE U
AR R Z R R BE T3k 2 K LLR Y [l I 2ok 25 — R B I It I, A e b it e U o A R i 26 2 - 35
H KAy AR AR BEAE T 24 K R 2F . {H7E Biome-BGC BEA rf | — 7 I WA S0 W /K MR 22 VR 3 [ o S —
2 A — AR - - KRR G ORI ME— T, 2K B EEsE AL, ik, YRR
WK R BB [ 5 Ry 1 KB, 76 R 2R A W] R S A T AR AR 2 R 3K B R 38, AT X GPP 3 B e il 5
FETZEMIAH S, BRI AL T IR 2 48 rh ] R K 3 i R 0T R T OB BRI REEAT % GPP ABIRUR AL, it
Hb A HEE K R BARMAEOLT  BE rp - HERK AT 7K 43 g i 2 58 A8 B 1T S B b KBS A —E 1
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BTN E 2 95 1.

UM X R OB B AT M (A ERERS 0.91, SRBHIRIIEN 91% . fH
FI TR GPP HEILZE SR ICAIRE Re AOBEIEE RS, S EUURRE NEE H0BEIIRIE A B H S0
157.35 & C m™ o HIRIR2E 63.79% , NEE BT AR T SO A REBLIL T e B, %74 18 T et
(33 AEAARBERRE 139 & C m a”) 0 B, NEE BELE S5 S0 (1AM , 460 5 (005 LA e
SRR AR S .
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55 TR A2 RACRIIE2) M TAITFH S THUT 100 /o, BAS R SE B TT 1A WAL, 2 I ik
RS 3) THL R BB (054 25 R th 52900 5 % MR OPRR R 2 L1 it — AAE D
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