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Carbon stock and rate of carbon sequestration
assessment of hardwood plantations
in tropical Yunnan, China
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Abstract. In order to test the potential of carbon sequestration for plantations of hardwood species in tropical
and subtropical Yunnan,carbon stock and rate of sequestration of six kinds of hardwood plantations were as-
sessed through direct biomass measurement. Research results showed that carbon densities ranged from
109. 37 t/hm” to 136. 97 t/hm? for 7 years old plantations of Paramichelia baillonii ,Betula alnoides.Altingia
ercelsas Acacia mangium and mixing Betula alnoides with Paramichelia baillonii, mixing Betula alnoides
with Acacia mangium. Their annual rates of carbon sequestration were tested with a range from 3. 97 t/hm?
+at07.03 t/hm? « a, which indicated these species could be good choices for carbon offsetting projects in

tropical and subtropical Yunnan.

Key words: tropical and subtropical Yunnan; hardwood plantation; carbon density; annual rate of carbon se-

gquestration
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Brown 1 Lugo % T T 1R £ T4, Lasco 4§ (2000)
ACZIEREGHFEAER C T T IHFAHHIVIR.
XF AKX A THGX 5 K& U R IR
W, A 1998 F Xt = B 4 Mol B3 Bt v BUR
3 B ARG LR 7 AN DA IR AR YRR
18 C &R (Carbon stock) X 4E #H C & (Rate of
carbon sequestration) #47 T 3. A B R IEMHA
THSHE C %t R AWFI S A ETE RS
WA — eI Tl TAE.

1 #F % H KR

WA THA T = R A 78 DR 44 il 36 Ak
%, 101°6" E, 22°25' N, ¥k 840~900 m, #1574
R E, PR 20°, KRR AW L& T RE
B, TIEFHE, 11~4 AATZE, 5~10 HAW
&, FHE 20.1°C, =10 "CTRE 7 459 'C, B A
(7 Ay 23.9°C, &% A1 AH)WiE 13.9°C, #&
whR R AR 38.3 C, MR KIE-0.7 C, FF
KE 1 655.3 mm, B EMKRE & 2F 86%. KK
B AKX e AR S TR Oy 1Ly b Y AR ORD 2R JRUHS i K . i
50X+ SRR R (LB BT, 2002),

2 HtRANEH T

ST M AN AR 1991 48 58 45 @ 1L #: 76 (Pa-
ramichelia baillonii) 7 #, V4 F§ ¥t ( Betula al-
noides Y BK , =5 B 4T A CAltingia excelsa ) ik, 5
R B (Acucia mangium) 85 FK LA Kz VH 5F HE + 1 &
TER ISR VEEE A+ SR AR BB AR, XHilis AT
PRI & A CESG AT THE, FAE HEAE.
BAR MTHAMEETEERNEEYR, A
ERAEMY CiER. TREFAE S REX
HE AT IR, RIELEAINES C
ERZEMEERHEE 0~50 cm +1EH 6 C iR,
& AN AR4r i C G R AR N, BKAF B0 T AR T AR
8 C{EE R C % F (Carbon density), BANFEE
REEEHE (1998) B9 %48 3T A K 3 i) P lF R E ki C
fH R BT T .

21 EMOEMECEENE

FARBrUEHL K /NHK 20 mX 20 m, B T
AT . TERELAHFTEARAKE R BRI
1 AN 2R AR AR b PO T R A ) B

o d

E e

MAESHEAZWIRME KNG HH S mx
Sm A lm X 1m, B A9 HE A B B A 2 35 51 ik
RFFHE .

XiF 45 2 BOAE ) BEAT IORE , SEIR I AE A KR L A
HEGAATE. RIEHEYAVIENS CEAL
TEYR SOUKEYERE A C % E (Lasco,
1999;Lugo 1 Brown,1992),
22HTHSEYWRERN CEEUE

FAERRAEYRIETEZ H STIRAEARR R 2
TTHES . BAERESEABRFELZE 1 mX1 mX
I mBEFRHLTVADNE., CHEEMRAR L.
2.3 A% CEENMNE

AT S5 1 mX1 m/MEFH, ELITLY
WirivE ., RESTHE. CHBHHRER L.
2.4 XM CEERMNE

s EIEEN ClES LERILAEE
REMATHRTHE. FHRHRXRAFEZR 1997 FIR
FEW 52 B B4 (B = 4R, 2002), W A M #HhE AR
(Lasco,1999) % .

THCHFE=FTWERXLB|AEE X LTFH
HLRERE-1.724
2.5 AIHSHE CEENAE

Kb B T R YR, MEY R LS
B i CAHIn, Bpa] 3R 48 S i ARA LA S E C
B CHE(t/hm?),

2.6 AIHSHFEE CBRAUE

AN 7 a, WWMEGER BRI IMEVES
HERAIE /N A TEE. AMNSG 7 a THEYE
R KRITEER C&.

3 HR G

31 EMSEMENCEE

MR 1A 0L, S5 L34 E PR ERE R C
HREEH, BRAB B, A 44. 46 t/hm?®, H Kk
PHRgHE + S B TIRAC AR 36, 77 t/hm?, & B T #
gidk A 34. 66 t/hm®, HRIHE + INEETE R Ak
28. 42 t/hm?® , PHRgHE4E AR K 23. 86 t/hm? , (WAL 4l
MEAR N 18. 64 t/hm’ . & 89 AN T He b F 45
EYEN CHBERE T I 10 F 4 #H R P A
17.83 t/hm? K¥., FTARE S L5 CEED
Fo i A, a5 B 83.93% ~99. 12% . BEAR L
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4y C B BB R, AR+ ILERRI
MEBEEXN14.55% , B T AR A 0.52%.
HRAWEMAML, A TR EAKRE BT & b5 #5

X R N TR B L B C g E R FIF R
B, EARMCEERND N EEYEDN
0.25%~3.23%.,

x1 WS EBIEHRN CEE (t/hm?)
Table 1 Carbon density of various aboveground components
It A B2 Arborous layer #i K 2 Understory layer 2 A 2 Grass layer it Total

ﬁrﬁfﬁﬂ ‘Y| CHE Bat E%E CHE HA4WL £P& Cﬁ)ﬁ B4t ’32%5 CHEE H®BHHE
plantation Biomass C density Percentage Biomass C density Percen- Biomass C density Percen- Biomass C density Percen-
(t/hm2)  (t/hm?) %) (t/hm?) (t/hm?) tage( %) (t/hm?) (t/hm?) tage( %) (t/hm?) (t/hm?) tage(%)>

1 34.58 17.29 92.78 2,52 1.26 6.76 0.17 0.09 0. 46 37.27 18. 64 100

2 44. 50 22.25 93. 27 1.67 0. 84 3.50 1. 54 0.77 3.23 17.71 23.86 100

3 47.78 23.89 84.06 8. 27 4. 14 14, 55 0.79 0.40 1. 39 56. 84 28.42 100

4 68. 89 34.45 93.68 2.03 1.02 2.76 2.62 1.31 3.56 73.54 36.77 100

5 68.70 34. 35 99.12 0. 36 0.18 0,52 0.25 0.13 0. 36 69. 31 34. 66 100

6 85. 81 42. 91 96. 50 2.89 1. 45 3.25 0.22 0.11 0.25 88.92 44. 46 100

7 29.92 14. 96 83.93 5.57 2.79 15. 62 0.16 0.08 0.45 35.65 17. 83 100

¥ 1. W25 B AR ( Paramichelia baillonii plantation); 2: P4 5§ ¥4l 4k ( Betula alnoides plantation); 3. P53 #E -+ 1L 4 78 1B 38 MK (Betula al-
noides + Paramichelia baillonii plantation); 479G 4 + 5 B TR A M (Betula alnoides + Altingia excelsa plantation) ;5. 8 B[ T 4 4l bk (Ale-
ingia excelsa plantation); 6 : B4 Ml B4 Bk (Acacia mangium plantation) ; 7. 347 ¥ 4 #k( Tropical secondary forest).

3.2 TS EMEGRTON CHE

F2ABL, HATASB T GREOIW C
o R B R T T M LB TE IR A M 12, 64 ¢/
heo? , LUK 79 7 #E + 75 B T BLIR A A2 1011 v/
hm? . BACHEH T34 C % B 0 B L a7
16 AR, (LB TEAUAR B M F 3843 C 51 9. 16 ¢/
hm? , 2 5 T LS04 K 8. 29 ¢/hm? , U5 5 #& 4 bk 2

5.37 t/hm?, HRAMEBLAME RERIH EHL CH
B FRAAEIL AN R F RN 475 ¢/
hm? , LW T8 CHEE S E# 0 CHEEMIE
(R/S)F 0.1, ARSI PR . XEHETER
B ERSEYBNIGERBERY . HEMAD
WFMSCEESHM EMS CHEMNLER 0. 23
~0.49,

K2 ERSBTHS AENRIMHCEE

Table 2 Carbon density of belowground(roots), litter and soil

HWFEHSEYR MTHS CHE MEYEYE WK CHEE LA LA P CHE

Moy Biomass of C density of Biomass C density Soil organic Organic C
Type of plantation belowground belowground of litter of litter matter density of
(t/hm?) (t/hm?) (t/hm?) (t/hm?) (1/hm?) soil (t/hm?)
WWEE LGBk Paramichelia baillonii 18.32 9.16 10. 15 5.08 131. 87 76. 49
V4 &5 #e4li bk Betula alnoides 10. 74 5. 37 10. 74 5.37 151. 43 87.84
0 5 e -+ 1L L 76 TR 35 4k Betula al- 25,28 12. 64 5.21 2.61 124. 20 72.04
noides+ Paramichelia baillonii
0 1 £ 4 85 I T 38 35 4k 20. 22 10. 11 8. 48 4,24 105. 6 61.25
Betula alnoides + Altingia excelsa
BB TSk Altingia excelsa 16.57 8.29 13.39 6.70 122.24 70.90
SR KB Acacia mangium 9.5 4.75 14. 26 7.13 139. 00 80.63
hAE W 4 MK Tropical secondary 10. 96 5.48 4,69 2.35 160. 78 93. 26
forest

3.IAEMENCEE
MRZ2EH WEYERN CEERENREDR

F YA AT R AEM(2. 35 t/hm?),
3.4 TIEPHIFEH CEE(O~50 cm)

AHBEEAR R 7. 13 o/ hm?® , IR & B T HAiAR A 6. 70
t/hm? , PR #E A AR 9 5. 37 t/hm?, AR T Atk H
5.08 t/hm?, FARG HE+ &5 B TVRASHE 4 4. 24 t/hm?.
AP+ LERBRXKGEEYER CH
B KA 2. 61 «/hm’, ATHFAEY C HEHZ

HE2 AR, ATHALENAN CHEELERA
KR KR TT B HE iAol 87. 84 v/h , /PR R
E BT T B AR R 70, 90 «/hm? . #K A Ak - 5E
CH B M A R AEM L HEAY 93. 26 ¢/hm® H
1, W AR T Jb 70 B2 7 ot i i Ak 96 «/hm® # 7k 3
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(B TDE%,2002). XWIFSEKREBEFSEE® ANEAE R BT R (200D 3T BA% it BB
ALK LR T LR A <, MR R A AR HIAZ KA F R B9 40 F I TR C &
FEIRSEYBREEZERBAIE B BEM B A A (<15 t/bm?), X R WAEL . HH

T AU R /Y R He B B BT WX LA £ £ R R R A THAREE S
ISAIMSOMBCEE ME CHW . MEYHHLLFIRAD, & 2.26% ~

B 3 W R, LA A TR C % ETE 109. 37~ 5.56% ,3X ZJLRM A Ak, C % B B id 9 = R AH
136.97 t/hm* Zj8], LM F K CHERE T BKH BaidkH 136,97 ¢/hm?. XK T HRPEEME
B, HB CHEERNS4.51%~71.73% ., XERH By H 7=, —  EGE S B PE ¥ C i T Y R
TR EFMXILFF AT A TIHRESREETHEEC PR - THETIAEYNEELRRETRES
FE. A CHEMNTHNLATIEREINESREAE C HMAEIES E. RXASAHKNY CEHEEETHE
BEAOEE TN, URKEE CO, FEEBIFM MrEEERAK, WHELAIMA 109. 37 «/hm?, UFg
ERTIER TERERERK RS, WX A + MegE Ak 122, 44 t/hm®, & BT T R 28 Ak 120. 55 t/
BHEHEATRESHWENL. LHRALKEYR(E hm?, FEREHE+ WL RSP+ &0 T iR
i TR CHRAE 27. 8~40. 21 ZHE C EREAHK 115, 71 t/hm? 1 112, 37 ¢/
t/hm? Z ), 58 C HER 27. 8% ~49. 21%, X hm?,

K3 SRS ERHENCEERAAH(t/hm?)

Table 3 Carbon density of different sinks of the plantations

sy 36 7 WEAY WTAY EAYHE -+ &Y R £ S CHE
Type of plantation BCHE RCHEE TAWRCHEE % CHEE % HMCHEE X Total carbon
(CAD (CB) (CA+CB) (CL) (CS) density

\WAERE itk Paramichelia baillonii 18. 64 9.16 27.80 25.42 5.08 4. 64 76. 49 69. 94 109. 37

Vi B HE2lidk Betula alnoides 23. 86 5.37 29.23 23.87 5.37 4. 39 87.84 71.73 122, 44

VY By #E -+ 1L HE fE B 3 MK Betula al- 28.42 12. 64 41, 06 35.49 2.61 2.26 72.04 62.26 115,71
noides+ Paramichelia baillonii

VG R HE+ B T R3S Ak Betula al- 36.77 10. 11 46. 88 41,72 4.24 3.80  61.25 54,51 112,37
noides-+ Altingia excelsa

BT 4tk Altingia excelsa 34.66 8.29 42.95 35.63 6.70 5.56 70.90 58.81 120.55

ARMB A Acacia mangium 44, 46 4. 75 49. 21 35.93 7.13 5.21 80.63 58. 86 136. 97

PHF 4= A Tropical secondary 17. 83 5.48 23.31 19.60 2.35 1.98 93.26 78.42 118.92
forest

AL CARMERHIEYHRNCEE, CBAMTHAERAIWCHEE,; CLIYAXYNCERE; CSHLIMENMBNCHERE. Note: CA=
carbon density of aboveground biomass; CB=carbon density of belowground biomass; CL= carbon density of litter; CS= Carbon density of
soil.

36 THEEAIRSHERBRCE POFHXAHLL, ZERX ALK ER C EX 2R
HRATUFN, SREBARMTFEE CER M. WMEFRESRMEBAEARNER C 2 E

KK 7.03 t/hm? - a, WPNRZHBYER CEBE  {HH 20.8 t/hm? - a, 55 ¥ (Gmelina arborea) $k K

KU+ &M TIRAZHA 6. 69 t/hm® + 2,76 9.8 t/hm? » a (Lasco %,1998),

M+ L AEFEIRAS MR 5. 87 v/hm? - a. WAMPERIFE

HAkH 4.17 t/bm® - a, WEEZRSEAR % 3.97 /bm® 4 i 5 £ i

ca, XHEBAREMMAHN IPCCEESEAAE

FREMAOPFATIHER CBETHE—2H,.E W PR & B = B X W EESE (Paramichelia

3.4~7.5 t/hm? - a Z [8] (Houghton %,1997), JL baillonii) 853K, VI Bg HE (Betula alnoides) diHk , B ]

Mg A THKE 9 8 JC (Carbon sink) B3 # B 78 T W (Altingia excelsa) 85 WK, B 42 H B (Acacia

K, ENTEFERKEEAR C B ES T 4 H 1 # mangium ) FEAR LA R T B #E+ W LR 3SR FI FI B

WA 2. 33 (/bm? - a), BB % of 1@ 0F B+ SR BIRZEHILR 7 FEANTIHESESLED

(2.19 t/hm® - a) (R D E%,2002), 1HE SHEAY C ¥ A 109. 37~136. 97 t/hm® 22 (8. ©{18 C
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FHEPDRE T YR ERE IR ENKER
TR B R R IS KR MR B 4 b i
ATHE C %FE B EMAIELS t/hm?) . AHar
MAEMCEEALUE N =M # KA X /LA A Tk
B R BT A RAE S MAR R CET .

X1 BERSRLGEEE CAGt/hm?)
Table 4 Rate of carbon sequestration of
plantations at age of 7 years

EECE
Rate of carbon
sequestration

Moo R

Type of plantation

W REE&lidk Paramichelia baillonii 3.97
VU HELEHK Betula alnoides 4.17
5 RIFE -+ Lt 16 IR Kk Betula alnoides+ Pa- 5.87
ramichelia hoellond
PE T HE + A5 B T il S MK Betula alnoides+ Alt- 6.69
B T A Al Altingia excelsa 6.13
ML M Acacia mangium 7.03
B v A #K (10 SE 42 ) Tropical secondary forest 2.33

W 9T 2 88 1L FE (Paramichelia baillonii ) 4l
K, PO R HE (Betule alnoides) MK, B W T 4, CAl-
ingia excelsa YWidk, HRABE (Acacia mangium ) 8l
AL B 74 i e - Ly AR TR ST AR 78 R HE + S oRAR
BEXHILA 7 A NIMHAETRAENER C BE
3.97~7.03 t/hm’ « a Z i, 4 F SER KK
AL IPCC R EBSMIRA hE A OHW A THHY
FE CBMATE B EMRFRBHAN X — &
ATHEE CKF, X5 =R HX Ak K+ 5
FHRMEH. LIMAIHREENFEECEXH
TEMNREEERNECEA.

JUFhEE AR B b, BR B 2R 40 1B (Acacia mangi-
wn )G R LR S LR, SR BBRIH T
TR % 80 5[ Bl B PE (B SR 55, 1996) . R X e f
i 7E 2z B B DX R ALARE R AR LB AR/ . U B8
SAE CRNEZEHMR KAEmBA I LB L IT
JRLVASR [H i =S4k CO, AW H HAr/ & #5 B R
AHHist.
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