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Analysis of Carbon Stock Changes and Carbon Sequestration Potential in
Rubber Plantation
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Sanya 572000, Hainan, China)

Abstract: It is of great significance to study the carbon storage changes of rubber forest (Hevea brasiliensis) at
different ages for understanding the carbon sequestration potential and carbon cycling process in rubber plantation
ecosystems. Rubber forests of different ages (6, 12, 18, 23, 27, 35 years old) in Danzhou City, Hainan Province
were studied to analyze the changes of tree layer, understory vegetation, litter, soil and ecosystem carbon storage
during the growth of rubber forests, and compare the carbon sequestration rate and carbon sequestration potential
of rubber forest ecosystems. The results showed that the carbon stock in the tree layer ranged from 14.87 to
63.53 t C/hm?, in the order of 35->27->23->18->6-years old. The carbon stock of understory vegetation ranged
from 0.30 to 0.75 t C/hm?, and which at 35 years old was significantly higher than that of other stands. The litter
carbon stock ranged from 1.72 to 2.03 t C/hm?, and which in the 18- and 35-year-old forests were the highest. Soil
carbon stock varied from 81.21 to 156.68 t C/hm? in the order of 27->18->23->12->35->6-years old. During the
life cycle of 35 years, approximately 25.27 t C/hm? of carbon was fixed in the soil, and there is a transition

process from carbon fixation to carbon emission. The total carbon stock of rubber forest ecosystems ranged from
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98.30 to 214.74 t C/hm? in the order of 27->18->23->35->12->6-years old. Notably, the carbon storage of 6-years
old plantation was significantly lower than that of 27-years old mature plantation. Carbon storage in soil and tree
layer was an important carbon reservoir of rubber forest, accounting for 68.16%-91.27% and 16.71%-40.59% of
the total ecosystem carbon storage, which in litter was less than 2.1%, and that in understory was less than 1%.
Rubber forest ecosystem had a high carbon sequestration rate and carbon sequestration potential, which was an

ideal tree for building efficient carbon sequestration plantation and promoting regional effective emission

reduction strategy.

Key words: Rubber plantation; Carbon sequestration; Carbon sequestration rate; Ecoystem
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Table 1 Basic information of rubber plantation plots

MBS (a)

W

W miEE A Mt (om)

Stand E%Ei tffl?a ?fa%tu((lii) éigi&?gl Aiirit ©) Slope Canopy Density *Xi['j» gg:l) Diameter at

age Slope position density (mxm) breast height
6 109°28'28.15"  19°32'42.46" 150 ¥ 0 ¥ 0.45 3x7 5.47 13.87
12 109°2824.45"  19°32'41.72" 155 e 0 e 0.55 3x7 18.56 17.84
18 109°29'8.24" 19°32'11.39" 122 g 1 T 0.60 3x7 17.90 22.11
23 109°28'40.00"  19°332.46" 139 5| 1 T 0.55 3x7 20.03 24.05
27 109°28'31.85"  19°32'44.41" 144 " 0 " 0.50 3x7 16.63 24.86
35 109°2825.28"  19°3229.17" 147 e 0 e 0.45 3x7 16.96 26.37

SRR AR o 2 FEAR B A A AR L X 22 S 1 DL
GV, AHE TR R B TR Ty
AT B W RAEMEGR 2).

2 BB AR (D) R AE ) () R R T
Table 2 Equations between diameter at breast height (D) and biomass () of

rubber trees

[EPEpspss

Regression equation

HRAE ()

Correlation coefficient

W +=0.0456D*3076 0.9913
W 1=0.0103D>2034 0.9836
W 1=0.0065D*34% 0.9036
W #=0.0235D*0066 0.9712
W =0.0679 D% 43! 0.9945
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AR AEVEY) . IR AT 2 R B
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FE R Origin 84

2 SR

2.1 BERMFTAREmRMEE R TN
TeREWAEE Y 14.87~63.53 t C/hm?, HKIKH
35a>27 a>23 a>18 a>6 a (K 1) AR ZHAtEH 6 a
N AR 14.87 t C/hm? 30 E) 35 a 1 63.53 t C/hm?,
6~23 a MREEAE IR B K, 12~18 a PREEFIHK
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WS ZRIB RS, 3R 2.72 t C/hm?. Ib)5 23~
27 a F 27~35 a FeRJZBR I [ A7 A€ FRAK, 40
514 1.01 A10.99 t C/(hm*-a) (& 2).
2.2 RIS &R &

MON AR RS B N 321.92~385.77 g/kg, Tt &
N 0.30~0.75 t C/hm?, 6 a K5I AR B Bk it ot
FACT AR, 35 a AR N IERE DAt B 2 2 v T HoAth
RS o RETEYIRR S 8 327.77~411.52 g/kg, Bl
N 1.72~2.03 t C/hm?, 18 a F1 35 a MRESHLTE Pk fik
(R 3).
2.3 LB E RN

6~35 a B AR IR AE B/ IMK KRN 27 a>18 a>
23 a>12 a>35 a>6 a, 4178 156.68. 149.92. 131.86.
127.04. 106.68. 81.21 t/hm? (& 3). *EF| 6~35 a
IS T, 6~18 a IR - BERR A G N, AH 4
T 68.71 t/hm? BiAh [E e 7 L3t 18~35 a L3Rk
SRS G A%, A 43.24 t/hm? HIEBRR T
AL, AE 35 a B4 A B AR RR T R =
25.27 t C/hm* B[ 2, AFAE—AS AR e o 3 S
HEBOA T AR TR . 6~35 a #REE 20~40.40~60 cm
+EHEE B ER K, N 8.79~7.53 t C/hm? (K 4).

R 3 M RIBANRS T M S AR G B

Table 3 Carbon content and carbon stock of understorey vegetation and litters

y=-0.0357x"+3.1937x-4.2026
R*=0.9935

it
Carbon stock (t C/hm?)
B
(=]

10 20 30 40
i Stand age (a)
B R TR A B fif

Fig. 1 Carbon stock in tree layer of rubber plantations

30
25}
20}
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AERTRI SR
Average annual carbon
sequestration rate (t C/hm?)

0 L L L Il
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B 2 BRI TR A 2 AE R SR 1 AR AL

Fig. 2 Changes in average annual carbon sequestration rate in tree layer of

rubber plantations

Wi (a) MR Understory vegetation FhY&Y) Litter
Stand age % & Carbon content (g/kg) Tifif i Carbon stock (t C/hm?) k& & Carbon content (g/kg) it Carbon stock (t C/hm?)
6 355.01+£14.93¢ 0.30+0.08e 399.43+8.21b 1.91£0.04ab
12 321.92+12.50bc 0.59+0.03bc 327.774£24.28¢ 1.75+0.13bc
18 335.65+10.17b 0.62+0.03b 411.52+12.59b 2.03£0.06a
23 385.77+17.55d 0.43+0.02d 461.05+£7.51a 1.72+0.03¢
27 372.63+12.04c 0.58+0.02¢ 350.29+22.45¢ 1.89+0.12ab
35 352.75¢11.22a 0.75+0.03a 393.13+8.59b 1.98+0.04a
[ BVER 5 AN R 7 BE R OR 22 7 35 (P<0.05). T
Data followed different letters indicate significant difference at 0.05 level. The same below
180 a [30~20cm < 30 0~20
;s g - cm
160} ab 20~40 cm = 20:40 cm
< coA b @ C_140~60 cm 2 % %g&gg om
£ 140} = = =0-80cm = I 80~100 cm
o = = (I 80~100 cm N4
:]3 = 120 }+ = == 1 d B 2
5100t — = =e 10
B2 e H =e
=2 g0l % 2 =8 il
HE 60| % = O i
5 72 %, e
= 40 % £ 0l
= 10
A )
20 =
£
0 O -20

6 12 18 23 27 35
i} Stand age (a)

B 3 bk e ak ik

Fig. 3 Soil carbon stock in rubber plantations

6~18 18~35 6~35
M% Stand age (a)

P 4 N[ i 1) - S Bty B (1) A 1k

Fig. 4 Changes in soil carbon stock among different stand ages
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2.4 BIRHESRGBBHREEDIL

WEIEMAERS RS RL N 98.30~214.74 t C/hny?,
YIME N 170.40 t C/hm? (K 4), Sk E2% EAHER
KA, 6~35a BBkAEEMK N 27 a>18 a>23 a>
35a>12a>6a. 6a ZMRERHIAE R (98.30 t C/hm?) i 35
KT 27 a M (214.74 t C/hm?). HIERITEAJZ 5%
it BRI KB, 53 ) 5 AR S R G i
1 68.16%~91.27%F1 16.71%~40.59%, & Pnts
it & A EG/N T 2.1%, AR HE R & T 1% (B 5).
2.5 ARG B woE R AN E R 1A E

PR 4% J2 [ B 7708 13.18 t C/hm?,  [3] Bl
TN 1.68 t C/(hm?-a); IRARIRAETS RS ki 71

+4)7 Soil I Kiv% % Litter MM #K FHi#)Z Understory
I J#AJZ Tree layer —e— Lifiififi it Total carbon stock

9 b 9 % % 21

Z
7 &

3
(=]
T
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(=]
T

[NANNREN

N

5]
S
T

m

SAif A e
Total carbon stock allocation ratio (%)
%
Total carbon stock (t C/hm?)

(=}
(=}

6 12 18 23 27 35
% Stand age (a)

K5 B AZS R G B RRAE S AL L

Fig. 5 Total carbon stock allocation ratio of rubber plantation ecosystems

R 4 MBS R G B A (¢ C/hm?)
Table 4 Total carbon stock (t C/hm?) of rubber plantation ecosystems
E FORE W WD £ /2 Soil layer (cm) kARG
Age (a)  Tree layer Understory Litter 0~20 20~40 40~60 60~80 80~100 Ecosystem
6 14.87+0.94e  0.30£0.08¢c  1.91+0.04ab  33.09+2.43c 19.20+3.08¢ 9.62+1.11d  7.76+0.77d  11.54+0.62bc 98.30+2.60¢
12 26.28+2.25d  0.59+£0.03bc  1.75+0.13bc  36.83+£7.47bc  26.98+3.36b  27.31+£0.79b 21.14+3.72b  14.78+1.80a 155.66+14.93d
18 42.62+1.73¢  0.62+0.03b  2.03+0.06a  49.96+3.15a  41.25+0.37a  26.30£3.20b 22.42+0.81b 9.99+1.20c 195.19+2.84b
23 51.5742.79b  0.43+£0.02d  1.72+0.03¢ = 47.54+1.67a  30.55+4.32b  25.29+4.62b  18.13+8.21bc  10.35+0.65¢ 185.57+12.90bc
27 55.594+2.25b  0.58+0.02c  1.89+0.12ab  42.29+3.25ab  39.83+2.39a  33.37+1.10a 30.87+0.91a 10.3240.60¢ 214.74+7.49a
35 63.53+4.29a  0.75£0.03a  1.9840.04a  37.25+2.11bc  27.99+0.64b  17.15+1.37c 11.14+3.47cd 13.15£2.42ab  172.94+3.56¢cd

N 44.34 t C/hm?, [EBREZF A 3.14 t C/(hm*-a), H
A B i P [ B P 1 o

3 WAL

TRARJZE AR IR I B, LR iy 2 Pl Ak
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18 a kB, 23~27 Al 27~35 a FEA 2 Hi I [ 17
BT E K, 5 Sun FUSTROR 2 Bl 24810 — 2
N TSI, BRI EERAT B & ME
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HA B EE R . 23~35 a 75 A JZ [ 773 K %
MR R TR 2 AR Bl R & T e . MR
B 5 R EYTE SR i B G beER A, AR AT EL
RIS 7 o AW RIS T- 200K, R MR
A, B2 RIEE B O . R
B —IRAETTEN, FATIRD 0 ), kg
WIAN B A R X, 82 el 478 R G IR
IR AN R B I B0 (1) SRR 124,

RGO AR - 3B iy L 52 B 38K o« 3T b
Hh SR TE D) o3 fRR 2 MR R R AR T A R

MRARU . TIRGAEESN . - IgERRIR &5 R 25 R0 o
AWFFEIX IERREE N 81.21~156.68 t C/hm?, 54k
R ra RGP IR - 358056t 5(70.45~162.41 t C/hm?)
SE AR, AH PR 51 TG 0 R ARG s A 11 - 3 sk
B (129.17~251.65 t C/hm?)fik, X A HE /& i R 1 1
AAGRE R R TS Y, RE AR, TRy
B R, TR P SR AR R, Iz e il 2 I ASUA%,
5 BURE LI X AL IR RECRPT, R kfig ER
Ko 6 a R - SFmR it K, WTRE Tt J2
8 55 BRI T RS iy PR L B281, bR e KT AR AR R,
TR AN K R I AR 2, g i ) 4
e R IEACHAY, KL RS SR IR
HEPEEEY, FEEMR IR AR AER IR E, 12~18a
PG PR S8 e ity 2 2R A B 0, X AT B BT 3K
PR FRRE 7 4FBY, IR MERE IG5, HhRIE T
Y%, SrfREE, TIRRE Y BRI RO
BfE IR, Ak, PR R R, MR
RHEN AT BL(23~27 a), AR BSR4 A e 3o 8 3 vl
W%, APURKERA AN, AV RESE
R A7 Ao e PERE N, TR Eh &P . i BAR(3S a)
TG ERC, X2 T REGR A KL TR
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A B PR 7 B T RS L, AT DA Bh AR AR
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