55 34 55 13 10 2o & E2 Eiid Vol.34,No.13
2014 4E 7 H ACTA ECOLOGICA SINICA Jul.,2014

DOI: 10.5846/stxb201211151603

HRE, WS SRR SRR m T DU T T B AR A e S BRI RE A A= 2525 42, 2014,34(13) :3592-3601.
Zhang R, Shen G C, Zhang X D, Zhang L., Gao S H.Carbon stock and sequestration of a Phyllostachys edulis forest in Changning, Sichuan Province.Acta
Ecologica Sinica,2014,34(13) :3592-3601.

I 7 B Mt il £ 5 il € 1 15

kOB Rt kAN ik F 4!

(1. MAB M E R EFE A LR, P EALREIR AT AT, JEat 10009152, PRI MG, JLat 100012)

FEE AL T W T BT Phyllostachys edulis ) %% 5 Rt K 25 1) 43 B AR J& , 5% BAT MR BE 1 3647
TAEEE . SEREW. (1) B SIS E T2 SRR ShVE [l 462.37—480.68 g/kg, AR BATA M E TR EF AL
F, HEAIE RN 15.77 g/ke, AR L2 2R EE; (2) BASIATHAME RN 40.92 vhm® , H A AT 505 6% 0 &7 HL B
51.49% W FF KA At bR BRIl 26.76 vhm® | (5 S ATRRAR Y 65.39% , Hb Ffif i o R B 1 1.89 %5 (3) B
AR BB A B 156.57 t/hm?, Joih 30 B HR R AORR o4 113.54 v/hm® | (5 BRAE B A 72.52% , ST AT AR A% & BT o5 EL 1)
26. 14% MR ABERR ZEFe /N, o4 0.52 vhm?, 5 EBR =AY 0.33% , AT ZREANTT; (4) BATMAE L7784 20.28 v/hm? , 4 [ Bk &
99.43 v/hm® 24 FAHER E CO, 1 34.57 tv/hm® | [FIRRAE )1 5008
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Sichuan Province

ZHANG Rui', SHEN Guicang’, ZHANG Xudong' *, ZHANG Lei', GAO Shenghua'

1 State Key Laboratory of Tree Genetics and Breeding, Research Institute of Forestry, Chinese Academy of Forestry, Beijing 100091, China
2 Chinese Academy for Environmental Planning, Beijing 100012, China

Abstract: Accurate estimation of carbon stock and sequestration of forests is a key in evaluating forest function in CO,
mitigation in responding to the climatic change because it holds the largest carbon in terrestrial ecosystems. The complex
biological and ecological characters of bamboo hinder such an effort, yet there exists an urgent need doing so due to its
widespread , fast growth, high productivity, and multiple uses in Southern China. Here we report a comprehensive study on
carbon production and storage, with systematic and accurate accounting of carbon density, storage and spatial distribution in
a bamboo ( Phyllostachys edulis) forest in Sichuan province using the biometric approach. We found that: (1) difference in
carbon density among ages and organs in stumpage bamboo was not significant, with a mean of 472.82 g/kg. The range of
carbon density of bamboo organs varied from 462.37 to 480.68 g/kg, with a descending order of sheath, rhizome, branch,
stem, leaf, root. The soil carbon density was 15.77 g/kg, but varied significantly among layers. The carbon density was
379.96 g/kg and 377.66 g/kg, respectively, in the understory vegetation and the litter. (2) Carbon storage of the bamboo
stand was 40.920 t/hm”, with 21.07 t/hm’(51.49% of the total ). The bamboo leaves contained the smallest amount (1.78
t/hm’, or 4.35%). At our study site, the three-year old bamboo had higher proportion than the other aged stems,
accounted for 19.91%. Above and belowground carbon accounted for 65.39% and 34.61% , respectively. The carbon storage

of stumpage bamboo had the same distribution among various ages and organs. (3) The carbon storage in the top 30 cm was
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113.54 t/hm°(69.02% ). (4) The total carbon storage of the stand was 156.57 t/hm’, which is partitioned into 113.54 t/

hm?( 72.52%) ,

40.92 t/hm’ (26.14%) and 0.52 t/hm’ (0.33%) in the soil, stumpage bamboo and understory,

respectively. Although there is great differences in carbon storage between P. edulis and the other bamboos, the spatial

distribution seemed similar. (5) Carbon sequestration of P. edulis stand was 9.43 t-hm™a™"

t/hm’ of CO,.

', which is equivalent to 34.57

Key Words: phyllostachys edulis ; carbon storage ; carbon density ; carbon sink
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Table 1 Growth status of P. edulis stand

i T FHITE ST
Age/a Mean DBH/cm Mean Height/m Density/ ( #&/hm?)
1 9.93 14.23 592
2 9.33 13.07 275
3 10.07 13.77 658
4 9.80 13.70 642
5 9.80 12.97 542
6 9.90 12.93 542
7 10.13 14.13 458
-] Mean 9.85 13.54
B3t Total 3708
HOF RO RARR IR TR, I 152 AL

1Y 12 D AGVR PR I, R T ISR 1 Ok, R UM, | 3%
SRR 1a, LA GE AL T WD AF AL 77 i, AR A B A
T 2011 4F 11 A #47, iId R E 12 D Imx1m #
T TR R s B SRR A CRR) BUE WO PR T
UK,

SR PRI TR VR HURE 76 25 b rh 3 T 45 00 £
2k LA SE B A 205 B0 4 A Imx Im A9 385 1,
FHIRJTHERR 10em 73 )2 0O B2 R IR . SRR
HAKT 2mm MR G HRE, IFa S0 50 = 0
(IR, AT - 350 T rh s 1 i HEAR , Ve T S
FREE IR, LIk S RE Ny b MR S A P
1.4 FEEDE

PRI SEAT R 25 M A, G 75 P S 14
FEdh ARG BT 65°CHIRA BT 5 FRRE I
THEAEZ Y AEY T8, LA ES,
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FEAE I IR A LA (5 P v A I 7 - A PR
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1.5 oWk
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QoA 7, e S AE [ e &, 2 I VR AR B AT MR T
HEJT o

T B ATMOR SR 5 8 bR A3, SO AT
MR BRAEAAT T S LA RNBE AR, A P bR 435 8 K G
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A I PARUENTIE AR A K Al 5, AU F

W=W,+W,+W,+W,= Y N(W, -W_) +

1
TXNW = W) + W, W,

Kb, WORBATMAR AL P 8 (vhm® ), W, R ST HE
ARG (FFE AR AT ) AR A (vhm? ), W,
SEAT LR R Ay (AR AT AR AT HE) A A T R (v
hm?) |, W, AR T HEBAEA 7 5 (vhm? ) W R A T& )
AEAE PR (Vhm?) NS § W STATRRE, WO
BEARUENTHY 1 ER 73 B W) (vhm®) i IRk
SEATHE b MR B AR R
1.53 Hdlaabrg

B SE 153 A R FH A SPSS 20.0, 38 53 One-
way ANOVA 7 95% & {7 /KT, LSD it
[F] b3 [ Y 22 5 0 3 v, A TR/ Sigmaplot 11.0
YER,
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(K1 A,B), Hi 3 FAEBNEYRERK, S SAE
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BN AT A KA R/IMEZ 3,2 4FAE BT AT 444k
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FHNIZHE B 2 AR B AT SIAT R BN, BT
BRI R 2 RRK, B AT RO ATAR,
AR (B 1 A) &SP AT AR & () L EL 7R
47.98%—58.63% Z 8] , AT A B ~F- 3 LL 85 R 17.68%
(E1C). B H BRI (FF B ) A i ST
57.31 vhm?, H & #45 (9E AR HE) & 30.07
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Fig.1 Biomass of organs for P. edulis
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Fig.2 Carbon content of organs for P. edulis in varying age classes
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462. 37—480.68 g/kg( K2 B) , W R E/IMK IR M A7
STTSESATRSAT ST S TR AR EAT T
ARSI N 466.91—478.78 o/kg, K F /)
WiFR T >M>NVsT(E 2 C), BB EAT &R 54k
4 TC IR A DG | AT I8 9 1 TG B B ) AR AL R
S AT BB IS RA R X e RE R AT
A A A 2 R A AR KRR TR,
2.1.3 ST A E R L

H 2 m A, AR 9 DX PN B AT ST AT R A R
40. 92 v/hm* , HoA= Wy ik S afids i 5545 RO 0.47,
Bt s E A AR 10 0 A v, 3 AR A AR A 2 T o5
Bl K, 35 19.91% , 2 4F A= B AT IR 57 AT FE 8/ 1 2%

Wi Bt i LB /N, K 5.26% , He A B W B P ik
fitidm 25 5 AN K, o BBk i i Y LB #E 13, 05%—
16. 81% 2], Bfiti S AE 45 i B 0 43 A1 v, 5 i 4
TR Z , R4 B SRR 21.07 vhm? | 5 R 6iE
HIY—FLL 1 (51.49%) . HUORATRR, B i Lo 5
17.52% , SR JG MR AT R AT AT HE, = AH 22 R
Ko VTt it e, A0 4.35%, BT ATHL
A3 CFF A ) B AR Aif &R 26.76 v/hm®, (5 SLK
ittt 1 65.39% , 1 T &4 (HE AR HE) 2 14.16 v/
hm? | 5 S BRAE R 34.61% , # F ML R Ll 1.89, 47
MRBAE BRI A E S A Y e AR — 3L,
WE A B B i it 5 AR i ELA — e A DG

R2 EMTRMREREHREE

Table 2 Carbon storage of organs for P. edulis in varying ages

{its PrkF/ (Vhm?) - AT (vhm?) - A/ (vhm®) - A786/(hm?) AT/ (vhm?) - A8/ (b)) B3/ (vhm®) - LR
Age/a Stem Branch Leaf Rhizome Root Sheath Total ~ Percent/%
1 3.415:036  0.5890.03  0.187:0.06  0.835:0.07  1.251:0.28  0.599:0.15 6.877 16.81
2 1.132£0.24  0.196+0.10  0.13+0.04 0.139:0.03  0.375:0.07  0.185£0.06 2.154 5.26
3 3.823:0.84  0.9670.12  0.52+0.30 0.526+0.11  1.559x0.51  0.745£0.28 8.146 19.91
4 3.593£1.09  0.546x0.10  0.23x0.08 0.549+0.12  1.103x0.19  0.521x0.16 6.542 15.98
5 3.113£1.32 0.3970.14  0.17=0.06 0.457£0.13  0.8040.12  0.390+0.09 5.338 13.05
6 3.007£0.78  0.723:0.25  0.24+0.04 0.5970.29  1.006+0.16  0.471x0.06 6.050 14.78
7 2.984x1.21  0.494x0.14  0.29x0.16 0.461£0.19  1.071x0.43  0.51420.24 5.813 14.21
EIT Total 21.068 3.912 1.781 3.564 7.170 3.426 40.920 100.00
Heffll Percent/%  51.49 9.56 4.35 8.71 17.52 8.37 100.00

2.2 MR HE B KA VA A

WX N BAT I T IE T B £, bk
TR, EE U EAEY N F, KT R AEY
R 1.37 vhm? P S EN 379.96 o/ kg, Bikfi it
4 0.52 tv/hm®, Wi & R B AT T R AE YR
1.50 t/hm?, ffiEfEH 0.63 v/hm> ™! | 578 3045 ik
SEET YT VE K B I B AT AR A R A RN
4.01 v/hm”  BifgHE N 2.98 v/hm®, KFARCHSE, &
FUER ML BRI S, N T MR
BWEASA

ETARIE Y IAE RN 4.21 vhm® A TE Y & R
H 377.66 g/ kg, HiTE VI IRATFBhAE R 1.59 /hm’ 33X

SE R T AT AR g T nT i )1
PRI IE 5 S0 G, 98 XN BAT A K BE
PR AT T WA I B 5, WORG I5 W F A
PR,

2.3 HiERkfEE

HY Pl 4RI, Bl 13 TR R B3, B AT AR 4
S JRAE A BB 5 B i 34 I 1 ) A
b, HiE 2R BIIE, BT - A TSR
Wik K, B 0—10cm JZ A9 1.05 g/cm’ 3 i 3] 50—
60cm JZ 1 1.40 g/cm’ %52 FE R 1.26 g/cm’;
T B AT AR = A ML 75 2 A A 12 3 T /N , 43 9l
i 0—10cm JZ Y 29.17 g/kg.30.53 t/hm* 3 /] 5
50—60cm J2HY 7.72 ¢/kg . 10.77 t/hm®, 314
BLB 5 8k 15.77 g/kg, F-3HkAE R 18.92 t/hm?®,
0—10cm 21 A E A HLBR & 5 FBR it 1t 5 I
452 0 25 F R 20 8 3 KF (n=12,P<0.01) .
0—30cm )22 PN - 5847 LA 75 it FHAs At ok B 1 JE R
JERE ISR D 25 5 1 40—60em 4 182 ARk
FEXS 22, HAS Bz il 22 ik, Rtk S T
HER AR b 4 2 B At o, AR 4 AR T2 IR
SR AR [R]85 B S VR Ry el 4 R 88
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EAT 0—10em JZ 1 A HLIK & 2 e, o
50—60cm JZ 1Y 3.78 5, BATAK Bk AE E N
113.54 t/hm? , Horf 0—10em + 8RR A% M 30.53 /
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ERGTEY), IF B BT T MR R 58 KR A 4 vh o A
TERFHLER 50em B2,

1.8 35 -

1.6 -
o w 30 &
E 14f ab ab & 2 én
= 12 L b L 25H | b
-~ 1. c <
> 10 §§ 20 H
§ 0.8 4@:5 15 H ¢
"o g 10 H d .
& 0.4 20

0.2 © sh H

0
10 20 30 40 50 60 10 20 30 40 50 60
TR TR E
Soil depth/cm Soil depth/cm

40 - 30
o 5L —
Sl =
w3 55
00).0 o
%Szok ¢ WMEIS
®e £ o
z d a4 BLo
£ 10 @]

K H 5

0

10 20 30 40 50 60
TR E
Soil depth/cm

B3 tHEmfiEE
Fig.3 Soil carbon storage

AR TR BF

10 20 30 40 50 60
TG
Soil depth/cm

2.4 BATMERAS S [E) 5B

B 156.57 v/hm?® , Hod 3Rk Aik
A 113.54 vhm? | (7 SVRAE R 1Y 72.52% , S AT it
14 40.92 vhm?, |5 26.14% , #k T A8 9 B4 B2 0
0.52 t/hm*, i 0.33% , 7% Pttt &4 1.59 v/hm?,
07 1.02% T 3ERRG J& P fits det SR o S i o 1)
73.57% , 10 J&) AR S5 A0 5% X i VI 2 B AT aX — HU
Hh 67.829%" ", T B AEBF 5T VLV KRG L BAT N
63.91% ", MW ARAT |92 43 A3 W R AR Mox — LU AE A
64. 62%" " ARSI EE B T LA BT, Xk R
AR SO DX IR P B A MO 9% 0 4 A 7 s A ey, E T
i it 0 255 o, JH 0 A s i R WV I & B AT I
242 % VIV R B LAY 1.19 135, %88 v IR V& W ik

fifg ik, 2 1) 39 A SR B 5, DRI T - 98 e i o
Wi, ERBEMESRGE PR S - i
SBRAE R Y FL R 769%™ AR SCRIFSE B AR
2.5 EHRERICAE I

H 3R 3 WA, BATARAE I AL 7 i 20.28 v/
hm? M 24 TAE AR 9.43 vhm?, IS 4ERE CO,
oM 34.57 tv/hm® , HrpE S RGEAR G A [ A
8.26 t/hm’ , S AT AR Ak B R 7.74 v/hm®, BATHK
AP ] B i e v B EB 43 L AT M RSy, R 5.06 v/
hm?, 7 BATAE S R G0 B Bk i 1Y) 53.69% , Fe K1Y
EAF R, AEFE RN 0.52 vhm® | B 5 RG4E
[i6] A £ 1 5.51%

®3 EMREFNSHBIC

Table 3 Productivity and carbon sink of P. edulis forest

gl AN H1/ (thm % a™!) [/ (t-hm >a™") [ E CO, B/ (t-hm™a™")
Ttem Net primary productivity Carbon accumulation CO, accumulation

SEATHE - Bamboo above-ground 10.373 5.062 18.560

LT Bamboo underground 5.445 2.678 9.820

FRFHEBE Understory 1.366 0.519 1.903

959 Litter 3.098 1.169 4.286

JIT Total 20.281 9.428 34.569

3 W T DMEWFIE R BIW VLG 2 W/ 25 TR VL7 K

3.1 BILNE SR
PR A W) R A AR MR A ) O I

Ly PO B 22 ) BAT 45 28 B & k%4 Bk 468.3—
521.0 g/kg.445.1—499.1 ¢/kg 422.2—475.3 o/ke .
451.2—531.3 g/kg """ AR SCRFIN BAT A4S B SR
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FoN 462.37—480.68 o/kg, & WFFT4E AT {H
FEAE—EZES ., BA, IR ZBAT & 38 B & R
J 460.0—510.5 g/kg' ™' | A& PG TR Bt X 42 38 457
472.0—513.3 g/kg"", DU 99R Z 04T Ky 489.3—
522.2 g/kg ™, DU PRI T 22 504 g 468.4—509.2
g/kg' P BT A E SRR R NRF LR
SR, AR FH B i A ) i 5 e it ok 1Y
R RO 500 g/keg™ Y, HLL ERFSE W LA H,
M FEWOR 5 & BCR BT R A28 B B R 22
B, TR — A R e R [R] X8 5 iR A A R], LS
A 2B 22 MK, B, R TR E R 3
PRI, W5 200 E 47 23 DX 35 434 o 5 ik 36 1) R B
W5,
32 EBAAYENIE

ZIRFFE W RE Al it et A6 AN R 2 IR AN [ 4%
BRI S AW A B A BOEA R,
PRI A 4 ) 0 B — o R b e T i e
BER R, T FRRBRI A AR R S e T AR
Yt h s e B . BAT R BUAEAT , MR A TR 1% 9%
BISEAT A M A AR R G5, IR I T 1 M X 43 57
A X Il T AR A, E AR 432 3 X S A AR
AL B A A, — R DASEAT R s B — R T
FEGE FEL PN HE B0 T A b T 08 AR R A 9% ST AT B AR
B T RAERE L N BEALIZ B AR T, LURE T
LRI i A AR 1 40 £ G L b T AR L
U ke A BEAR R B A AR R G R
TRAEX AR E AR, AR SHET
Pe— A RIS FHE A5 A M N M R R AR
SRIG R HHREHL N BT AT S ATl b b R AR R 2 L R
TEB WD X — U AE AR, 85 & 2 A5 Y 455 94T
Vi AR PR A I8 9 R A= ) 6, [A] 3 AT SR
PGB BRI XN AL T A, — M0 T DAk —
SRAT A0 2515 2 Hb T AR A= i A o T AR Y
(BN T — A5 A (L, D0 DAvE —(E A o, T
TE A5 W T AT N7 1T BEAR 55 B R i DA ik — 3R AR
A BIEAR TP R B
3.3 BATIRAEE KL EAK SR RHE

AR SO T A AT SEAT A ) AR i i 4 )
4 87.372.40.920 t/hm* | 5 X N 55 % %) 5 ATV BAT
PREGAIFST B R 452 3T (80.62 ,40.88 t/hm*) 7' i #f T
Il %2 & A7 A W i 5 B 543 51 R 60.65,30.58

hm*'™ R 2 R BATRY N 54.67 25.59 t/hm®' ") i1
PR L BAT (T ARIRZEHA) 19°H 40.74 17.05 v/
hm? ' S NTF ARSI FT , 33X 1T 585 AN [R5 XA
SRS IR B T ST AR O, T
W22 BT 1 K 77.786,38.676 t/hm*! > ZE4T ()N
111.70.56.27 v/hm*"™ AT H M 6.966.3.5701/
hm?'2 225871 K 34.179 17.223 v/hm? ' 4T HY
} 43.92.23.23 t/hm®" " SR A7 b 6] 3747 R i e 22
SR, 3X R AR 5 A A AT Rl A AT A A 1 )N
AKX,

ARG S AT B B A i FRAS AR [R], (E AR 2%
BRI 53 BC AR JR REAE B[R], 359 R 77 FF BT o L 4
R, Ho 384 BT o He ok T b o, 45 B
P FT i i L BB TE 50% A A, 22 B4 2647
FEMAT | A 587 RN A7 19 53 501 28 50.46% ,62.46% |
73.64% 70.12%H1 46.19% , Hb_[-FB5 Y L] K 24978
60%—70% , i T 70 19 LU B 29 7F 40%—30% ., {H 2K
Al 3853 A L5535 81.09% 1 18.91% , 2%
AT K 90.96% F1 9.04% , Z AT (1 K 92.42% Fl
7.589" 155200
3.4 BATMERIEE S

DIE B BT MR g R & (A — 25
XFHA: 7= F3 R RE T W BIF ST E0AR 2D B ATARCA i
AU SR GY , BRAEH A B A AT, R B R AR AR AT AN
EWEAR Pk A 7= S eI 25 bk b T ah 28 4k
ORI T AT AR AR A R G T M
B HRT2EE 2R R 7 i3 U AT RS A A=
7701 — B AR A AT SRR B AT IR B A
PRI A FH BRAF A G ST A7 A e B SR ST A A A
PRl R B R — R B R B ST AT R
PUAF R H B — 2, P R A B P A i, T A5
A MAEREARIN N G A = 52022 AR SO B
M SEATAEA: P20 15.82 vhm? 0 F WK A6 % B2 A
YA i BT AR A P A 20.28 vhm? 4R
kT 9.43 v/hm®  AHY TRAE K i €O, 1)
4 34.57 /hm?,

ARSCBA AR BE R T IR b S A A
M1 4 AT, 530 30T & D %) JF Al A o e Y T A
Eb, B s ) S A RSN 1 e B AT MR A [ s R 0 1
58 T A 2 B DLAK Bl 1 RS B AT AR [E Bk fig 0
WG 22 BAARAY 1.86 %, MAZAMI 2.70 15, i

http ; //www.ecologica.cn



13 [

8 DU T B AT MB35 BT RE 0 ik

3599
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AT G IR, 28 T8 AR 2 AR AR 3, LA

RAHE) B 38 B AT BRI, o 2 U 1 B AT AR AE
SR UL R B AT AR A 7 ) B e T R BE O B, HL IR AR A A R BRI I RE .
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Table 4 Comparison of carbon sink capacity in different forest ecosystems

ST Hi e/ (t-hm>a~! [ CO, i/ (t-hm*a™ .
Zmkm T3 b E 5/ (t-hm*a™") FE COpm/(t-hm™a™) YRS
Research Net carbon Net CO,
Forest types . . Data source
locations accumulation accumulation
FEAT Phyllostachys edulis Wit 5.079 18.623 [15]
1 22 B34 Dendrocalamopsis vario-striata iRAR 6.446 23.635 [23]
Wk Poplar delioides i) 5.790 21.230 [30]
2K Cunninghamia lanceolata il 3.489 12.793 [31]
L2 Pinus massoniana I 9.072 33.264 [32]
TR Cinnamomum camphora bilEz) 4.980 18.260 [33]
WA Phoebe bourmei il 4.254 15.598 [34]
2011, 47(7) : 7-12.
21
4 Hr [ 2] Marland EG. Marland. The treatment of long-lived, carbon-

(1) BT B S FE N 462.37—480.68 ¢/
ke, HATHESAT SRS AR S S AT IS TR . BAT L
M &R BN 472.82 o/kg, NI R BATA 48 B
FRR RN B E, B WRS M TC 0 B

(2) BT SLATERAE BN 40.92 t/hm?, Hoir —
N (51.49% ) WA =00 TATAF B, BAT AT H 1
AT (PIAF AR Arit) Bkfif B35 26.76 v/hm? | /i &
fifit 5t 1Y) 65.39% , M I Bk fiff 1 Sk ML e i i 1Y
1. 89 1%,

(3) B ERR B R 156.57 v/hm® , Horp 115
fiehifi i A 113.54 v/hm? | (5 SR 519 72.52% , ST AT
WA A 40.92 v/hm?, i 26.14% , Ak F HL9E ARG 7%
Yrwehig il 2.11 v/hm? | /5 1.35%,

(4) BATARAE A P75 9 20.28 1/hm? | 4F [ Bk 5
49.43 vhm® 1Y TRAEE & 34.57 v/hm® CO,, H
ST AT AR BB N 7.74 v/hm? A Y TR [
28.38 t/hm’ CO, , A BT AR[E B e 1 008 , i AR
SRRACARAET L
Bigt . PUJIAE 7 BN JR B A I T A 45 T 3¢
R PR RS SRS 4 TR R RR B
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