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Abstract: Forests are important contributors to the global carbon (C) cycle because they store large quantities of C in the
vegetation and soil, and exchange CO,actively with the atmosphere through photosynthesis and respiration. Urban forests are
a critical part of green infrastructure that not only maintains the health and quality of life in the cities, but also provides
many ecosystem services, such as C sequestration in urban areas. In the present study, the quantity and distribution of
vegetation biomass, C content and C storage were investigated in four types of forests ( Masson pine forests, Chinese fir
forests, Bamboo forests, and Poplar forests) in Changsha City, Hunan Province. The C sequestration capacity was also
estimated for the four forest ecosystems. The results showed that the biomass of overstory vegetation was 135.390, 100.578,
64.497, and 63.381 t/hm’ in masson pine, Chinese fir, bamboo and poplar forests, respectively. Stem had the highest ,
whereas fine root had the lowest proportion of overstory biomass among the different organs for all examined forests. The
biomass was 18.374, 22.321, 1.847, and 2.602 t/hm’ in understory vegetation and litter layers in masson pine, Chinese
ir, bamboo, and poplar forests, respectively. On average, C content was found in the range of 0.405 - 0.551 gC/g in
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overstory vegetation with specifically ranging of 0.405—0.516, 0.458—0.509, 0.405—0.527, and 0.454—0.551gC/g in
masson pine, Chinese fir, bamboo, and poplar forests, respectively. Average C content ranged between 0.421—0.518 ¢C/¢g
in understory vegetation, 0.230—0.545 gC/g in litter layer, and 15.669—19.163 ¢C/g in the soil. The C content of soils
under the four forest types decreased with increasing soil depth. The total C storage was 208.67, 176.723, 149.17 and 164.
74 t/hm’ in masson pine, Chinese fir, bamboo, and poplar forest ecosystems , respectively. Of which, the largest proportion
of the total C storage was found in the soils that contained 134.64, 116.91, 115.99, and 126.86 t/hm’ in the corresponding
four forest types, respectively. The next was vegetation component that contained 33.976, 47.871, 32.632, and 66.346 t/
hm” in the four studied forests. The litter layer accounted for the least percentage of the total C storage for the four examined
forest types with a range of 0.39—6.16 t/hm’. On average, the annual C sequestration in the four forest ecosystems was 3.
969, 3.420, 6.019, and 1.759 t hm™ a™' was in masson pine, Chinese fir, bamboo, and poplar forests, respectively. The
total C sequestration capacity in the four forest ecosystems (15.167 t hm™ a™") was roughly equal to 55.602 t hm™ a™" of
CO, fixation in the study site. Our results demonstrate the significance of urban forest ecosystems in carbon sequestration to
mitigate climate change.. The results provide a scientific basis and reference for urban forest planning and management and

an accurate estimation of C balances in urban forest ecosystems.
Key Words: biomass; carbon content; carbon storage; urban forest; Changsha City

ERARAEAL C 2 U B 4 BR AR W) S LA A A7 B0 A2 353005 s A6 N A A7 5 TR 2L R T . il 3 AL
IO B AE I Y TR, (AR AR IR RS OAG B2 BT TR B R AR S R G R IR (2.4
0.4)PgCl® AL, FFJEARMA: 25 RGEWT M Sh A5 53, X T b 2% TUIU 2R AR 42 BR T 0 Ao 28 Ak 1 4
HAREEE S IF OO SR (R B T SR [ Bkt 2 G P A A

SR AR — A E IR B E 2 bR NSO BEAE A IR A5 R . I ARk, iy Tl ALK g
HHESE AR S AEERIEH 2528 1, A P2 HTIX 2 S0 CO, & T it AR A KA CO,IEH & it 300 me/kg
MEER S A S IR 2852 B35 0 DG, ST AR o R i A 25 2R e I T2 B 4, 7 e R
ST B AR SR R HE NS E AR DML 96 AR e T R R SRS D T AR FH 5, JE HG 2 T AR AR [ e £
552 B N AN (9 OGRS AHDG BB FE ORI ARARTE R KA CO, MR BEE , 388 i 30Tl BRI T
O A AR A 2R SRR AR T B e AR FE S A T e R, 2
S BRI R BRAYTE BT, X BRI S BE B S A D E

YT AR R A i AT T AR RE A R AR 2 — 2 AR SO LA YD T X ZRARTE R 2 80% 1Y
TR MR BATHI N TARAZS R G e 42, R b bt 38 5 A o Sl Jr 326 BFE TR U0l
4 M EZN TSRS A7 ) BB BRI K 2 18] 20 A kS S , T D4 U0 i B 389 e A 3l i R vk
BV R AT ST 4R BERE R | oA 180 Pl 2 3ol ol ARbk 5 BRI A Jr 2 BERL -2 i

1 HERBREARTE

1.1 5 X HEAL

RIG X TEWI A KT PG, HUFRAE 111°53'—114°15'E,27°51'—28°41' N, 4TI M 3445 74 W4 3t v
B PR . HHRTE 100 m 224, AR 17.2°C AR FE /K & 1360 mm , FEXT I BE 80% , < fig g ML fi W7 Py
KBt DL 3 | by M Bl Ry U 3RS 5 S R A T A A T 2R JE L, A AR LA Tk
FE ., BRARGEIE By AR A2 R BK B AT AR R JE R, 3 0 S A PR M TR ) 35.82% ,31.90% | 10.
109%™, RIS XD RIS A2 KRN 1a A2 BRI BRI AN 1a A2 36 S MR BATARN 1—2a A R0 AT
S N8
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1.2 Wik
1.2.1  bRfEb i &

TR G A3k T TR, DRI T 6 b 2% P B o3 F s AR A 5], A o b 3 3 A 30 XA R R A
FEII Y R [RIERAL , 7SS RN AR RS N4 B 20 mx33.3 m AUBRHEHRL 3 B, 3 9 B 235l v s Y
PR HHEA T R AR R, SEIMARA A2 A o S5 DU AR PR, AR AR g A RO B TH 8 s &5 AR b i) 1 34 i 42 - 3
Wi o PR BRI REAR SZ B, HOBETEAS [ AR AR Y (A v 1 A 4% 26 3P 34K 1 #4534k, 3 Fbk
EBEPRIEAR 9 BE

T BT —Fh S8R AR AR S5 A Y B SRR PRI ARIE A8 4 B e 3R AR AR I ], DR 4556 B
PR B 3 ik RIS X A BATAR AR Y, i 1 Sa AR BATRIRRELE 18 T 509%—60% L L AT AR EAT 138 20
mx33.3 m AUFRUEHL 3 B FEARIEHL N R A0 5% Sa AR BATRIMREL Jfe A7, HMFER B AITTA
HN, ZHEIE &R AT 1k, 23 5a AFRIEDT 3 Bk, S FRUEHBAR M ERIE W2 1,

F1 BiRERS ERFE
Table 1 Stand structure characteristics of sample plot

e A R/ (Bk/hm? ) Ha#%/ cm W/ m o
e iFl/a Density DBH Tree height MR EZ Y
Forest types Age Forests mainly plant

HiE b 22 HfE P 2% HfH b 22

42T (Rosa laevigata Michx) ; AR

N . -
JEpLE 16 2800 180.28 13.63 3.68 14.53 368\ Querewsfabri Hance ) s Bt e W
Pinus massoniana ( Dryopteris simasakii ); . 9 1%

( Miscanthus floridulus )

WL ( Symplocos caudata) ; 4 P2 T

AR b
R laeui, Michx ) ; ¥
Cunninghamia 14 2400 360.56 12.63 2.40 17.03 0.56 ( osa aevigata  Michx ) 5 75 f
( Cyperusrotundus ) ; B % Bk
lanceolata . L. .
(Adiantum Capillus-veneris )
T@*XJ( Broussonetia papyrifera) ; 250
) 0 ( Rubusrosaefolius ) 5 14 75 ( Perilla
W PR Popl 17 600 20.00 17.37 0.85 11.41 0.21 R
FaRIA Poplar Srutescens )5 £ & H ( Hyssopus
officinalis)
P ¥ ( Euscaphis japonica ) 5 1 2%
) i e ( CamelliaoleiferaAbel ) ; # = ¥
5 2900 45.83 10.31 0.45 11.41 0.10 ’
Phyllostachys edulis ( Selaginella  uncinata ); 4 B

(Achyranthes bidentata Blume)

1.2.2 AYaEiE

KAy IZVIEE T SR 2K R B E ST AR, AR EAR MR T (25) 38 LA R3]
Jea, VA1 m Ry DX B, BB BB T (47 ) AR A it I 03 i BB B 25 SR BBURE A 1.0 kg,

R 3 B2 M T AR, SR AR BRREARLR S5 X, LL 0.5 m h—)2,
FFHR ZMUE R (WAL KRR EA2>0.5 em HHEHA 0.2—0.5 em JIH H#£<0.2 cm) 43228, 20 WA A HLEE
WAR R AR [ AR IR 1.0 kg ZEBATHRUENTJE L 0.5 mx0.5 m B N2 H HL T A O BIEAR 44735 |
P AR Z00H 43 S0 FR Fff o [ R BRURE T 1.0 kg, KRR IR ERER P & S080 2, B T 105°C A &
H 5 min J5, T 80°CHE R 1H T SRS /KR R HA Y& THEPREAR (7)) S4B EY &,

FEASFRUEHL NI B HEARJZFETT (2 mx2 m) FFA)ZHE T (1 mx1 m) £ 3 3, DURFEHEEY))Z/METT (1 m
X1 m)3 B 0SB P TEA R AR FP 285, R B Ok ™ M A, W KA N B AR
FEI I H b RSB R R AR R BIRR LA 5, A BURE 1.0 kg, FEHBWEIIE N 20 R K At 24 Lo )2
Ay IFREEER A BURE 1.0 kg KRR S MISCE6 % BT 8O°C MU ML = IH & SRS /KR A HA W
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1.2.3  HHERESCRE

TEASBRIE L P, Sl X A 2, 70 A 6 A H BT, A 1R 4 A SRBE A, 38 38R, #2 0—20 em ,20—40
em 40—60 em 12, 3 BIRBUCEAE 500 g, HoR - RE 144 A BERERAT 5256 5 B A RR AR RS54, R
TIE R, 3L 2 mm G, LA DN A LS B 7 RS - ERE S R ET 100 em® S5 TJHURE , B F 105°C HE
TH e IR,
1.2.4  BREEE

JIT A AE SR S A WL i, 34K FH A TR — K A I D
1.3 Hdiab S

F Excel S SPSS B A% S0 4l A7 R BN 3 Ar o K00H0 (i 35 PR AG: 362k FH BRLTRT 2R J7 22 93 B (ANOVA ) Al
/N2 (LSD) XSRS A i Sl e AT T b, B MK 8 «=0.05,
1.3.1 ModPaits

MATEARZ Y& (Vhm®) = FURRMROAR A Pt (3 BRERMEAR BF-I(E ) x PR REL (BTN 5 48
(URiE7=A)

HEARZAEYE (Vhm?) = i A HEARTE Y L3850 i+ 1 S 3B i

FARZAEYE (Vhm? )= T EARE Y FF5 5 A i+ R oy AR i

FEHBE R AE YR (Vhm® ) = ROMRIZ R P02 R+ O 2R
1.3.2  MRopfikfifEitiE

TARZA B EWAEE (Vhm?) = Z 9BV Ew S

AP TEAZ B (/hm® ) = TR AR Z AR 2 B B fif i 22

HEARJZ A i (v/hm? ) = £ AR PRk A 52 00 IO 2418

TR ZBAf i (Vhm® ) = £ SAAH PRRA e i AT 241 5

+HE AR (/hm® )= HIEA T (g/em’ ) x HJEEE (em) x HHEF PR 5 & (g/kg) 3

RIS BB (t hm ™ a™') = PRAMEG AR 7= J1 380k 5 i

Pr s i CO, it = PRoMAE G [ it i x 3,666

2 HR55%H

2.1 A[FEBRGT A A
2.1.1 ARG IARZAY) 8 AR

M2 AT IEH, DRI AZ A8 R, 0 135.390 t/hm’( P<0.05) , ¥k M2 A MK 100.578 t/hm’
(P<0.05) , BATARFZ I ARAE Py 5K, 23 91 64.497 v/hm® F1 63.381 /hm*( P<0.05) , & bkrHi T (47
o) AR B R T A SR E (P<0.05) AWy B Wy (9 BB 7E 509% LA L T 40AR BT 4 H 4]
TE 2% VLT,
2.1.2 WEARZE FARZMSC YY) R Y

H1 2% 3 WA AR ARAR T AR B2 R SE b9 2 A= 1 4397 0.800 +/hm* 1 1.802 v/hm® , H HLAS 2 W 1=y
THEARZ (HZ5 A 0E (P<0.05) , SEHb B P2 A Py 2 & TR A2 FEA)Z (P<0.05) 5

AR B 2 AE PN 14.686 v/hm® , HVEA)Z B 2 5 T HARZE (P<0.05)  SEHL g 2 E W ok 7.
635 v/hm®, I 3 & T HAJZ (P<0.05)

ETMM N HE AWK 0.214 vhm® , HYEARJZ & THAZ (P<0.05) , SLH W2 AWy 1.633 v/
hm? , 7 KT HE B 2 RN B 45 40 )2 A i ) 88.41%

MMM T ZA Y8R 18.374 v/hm® , HrhEAR)Z AEY it (2.064 vhm?) 1 25 T HAZ (0.950 v/
hm?®) (P<0.05) , 3EHisE 24140 15.360 v/hm?, .35 5 THEAR ZFIE AR (P<0.05) .
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R2 FAERSFAERHEMERSELLS](t/hm?)

Table 2 Stand biomass and its distribution ratio in organs for different forest types

Mg T(5) 5 U MRCARY)  HARCIRD)  ORIRCITHD BBk (A1) ait
Forest type Stem Branch Leaf Fibril root Lateral root Rhizomes Stump Total
iV HRAK Poplar 42.041a£18.157 5.790b£0.990  4.059b+0.379  1.145b£0.337  2.077b+0.044  2.802b+0.058  5.467h+3.385 63.381A+22.561
Forest type A
Cunninghamia 70.536a£3.100  9.016b+3.210  6.837h+1.455 1.232¢£0.232  2.322¢+0.447  3.554¢+0.680 7.081b+1.345  100.578B+4.721
lanceolata
it . 39.785a£11.954 8.324b+4.060  5.474b£5.194  1.199¢£0.350  1.532¢£0.595  2.828c+0.556  5.355b+0.043 64.497A+18.050
Phyllostachys edulis
BYEN I
) . 67.971a£1.031 31.596b+8.250 21.502c+4.468 0.487d+0.105 0.931d+0.074 4.724df+0.163 8.179f0.253  135.390C+12.401
Pinus massoniana
i Al WAk Poplar 66.33 9.13 6.40 1.81 3.28 4.42 8.63 100
Ratio/% WA Cunninghamia lanceolata  70.13 8.96 6.80 1.23 2.31 3.53 7.04 100
EATHK Phyllostachys edulis 61.68 12.91 8.49 1.86 2.38 4.38 8.30 100
TR Pinus massoniana 50.20 23.34 15.88 0.36 0.69 3.49 6.04 100

R S bR, ARG FHIOR S AR BB 2 5 B (P<0.05) s ARIREFRFORA RN L2 R B (P<0.05)

*3 HTHEEMIEMHEDEEDSRSHE(t/hm?)

Table 3 Biomass and its distribution ratio in undergrowth and litter layer

R [ZN BT =LV
JZIK Layer Pov Cunninghamia Phyllostachys Pinus
opiar lanceolata edulis massoniana
e o 0.370a+0.043 9.703a+1.041 0.168a+0.162 2.064a+0.179
AR Shrub layer (14.22) (43.47) (9.10) (11.23)
A Herb 1 0.430a+0.029 4.983b+1.069 0.046b+0.005 0.950b+0.095
= Hem fayer (16.53) (22.32) (2.49) (5.17)
e Rk
TP Z Litter layer 0.418+0.177 3.192+0.471 0.765+0.026 8.072+7.427
Un-decomposed
Ny
4:}}%&, 1.105+0.008 2.740+1.372 0.507+0.375 4.168+0.408
Semi-decomposed
4y
B 0.279+0.022 1.703+0.720 0.361+0.163 3.121+0.583
Decomposed
/N 1.802b+0.442 7.635a+0.764 1.633¢+0.205 15.360¢+2.609
Sum (69.25) (34.21) (88.41) (83.60)
AT Total 2.602 22.321 1.847 18.374

BRI R S R HE 22 35 55 PR T S

2.2 HHEZ RSB E R E R
221 TRARBMASHERE & &

MTEARBEMAS AT IS BT IR (R 4) , WS 2 BB AE 0.454—0.551 ¢C/g Z 001, LIRS Tk &
TR, AR AR B2 AR AS BS BT & FETE 0.458—0.509 oC/ g, LIRRR & 5 B, M I i s BAT 4% 2% B Ak & f 7E
0.405—0.527 oC/ g, FIuk &t e 25 | AR A ; TR AA S S8 BT Bk B 1 7E 0.405—0.516 oC/ g, LURLIR A , W T
B, RIS, i & BEASIR], i EL#s B R [R) B & IR AH ]

222 JEKRJZE HARJZFIBEHLYL YRR

22 5 WA B ARTE R Z iR & ik, N 0.518 oC/g, B EMMIRZ, M 0.512 gC/g, BATAHRRAL, N
0.484 oC/g; TE A2 S EHILL S A E, 7 0.483 oC/g, ALK, 1 0.478 ¢C/g, EARMEAL, B
0.421 gC/g. AN ZRARIY BT HE BB 5 B 5 R B TEAZ > FOA 2 SUHLE ) )2 0 75 & b, BR B AT AR &
HARAN I8R5 iR 0.244 oC/g) , HA AR RIZE b bl 12 - 205 5 L7 0.397—0.517 oC/g Z 1],

23 HHIEmREE
132 6 0] AR 1A HLRR & HE7E 12.340—23.161 g C/kg ZIH], JEEZ - 2 IR BE B38| 3545 WA
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F BN, H 0—20 em HHEA PR SRS 40—60 em )2 AIFELE 3 22 5 (P<0.05) ; B2 AN 34 MLk
TR 7.650—20.354 ¢ C/kg Z[H], LAFR)ZE £ (0—20em) e, i 0—60cm + 26k % 19 49.746% , I H I +
EINER, 2 2 R PR B B3 TR (P<0.05) ; BT LA LK & 0 11.783—21.913¢ C/kg, H. 20—
40 cm 1 40—60 cm [A] JC B #2257 (P>0.05) B B E KT HELZ(P>0.05) ; TR A HLER &8N
10.299—22.410 g C/kg, HIEEL5 A S BATMARMRL, B 220 ras 320, 4 bk oy - 38R HLaR-T- 3 &
fE 15.669—19.163 ¢ C/kg Ju BN, IR MR =, BATHORIE BAMMOR Z B2 R R AR, (A 22 IR B35 (P>
0.05) .

£4 FRAKASEEHRELE(oC/8)

Table 4 Carbon contents of different organs in different forest types

ok T(5) t it MARCAUR)  RRCIAR)  KRCHTHE) RSk (119E) A
Forest type Stem Branch Leaf Fibril root Lateral root Rhizomes Stump Average
W# Poplar 0.551£0.099  0.547£0.139  0.501+0.062  0.454+0.016  0.476+0.026 ~ 0.512+0.031 0.486+0.032 0.504
KA Cunninghamia lanceolata  0.476£0.071  0.458+0.102  0.509+0.043  0.474x0.078  0.476+0.056  0.478+0.063  0.462+0.105 0.476
BT Phyllostachys edulis 0.512£0.102  0.527£0.203  0.499+0.179  0.405+0.115 0.466+£0.094  0.506+0.087  0.467+0.106 0.483
R Pinus massoniana 0.516£0.124  0.476+0.025  0.446+0.077  0.506+0.061 0.405£0.029  0.466+0.074  0.467+0.102 0.469

R BRI B AR ; B — B B D A 449

x5 AERSHRTHEEEMEMEMERSE (2C/g)
Table 5 Carbon contents of under growth and litter layer in different forest types

FEHHH)Z Litter layer

o SR B — — :
Forest type Shrub layer Herb layer ARy fi Forfi SV T
Unrecompensed ~ Semi-decomposed Decomposed Average
AR Poplar 0.518+0.072 0.478+0.073 0.479+0.023 0.545+0.061 0.528+0.098 0.517+0.023
AZARHBR Cunninghamia lanceolata 0.507+0.061 0.421+0.130 0.492+0.036 0.434+0.100 0.458+0.087 0.461+0.020
FEAT Phyllostachys edulis 0.484+0.032 0.474+0.039 0.230+0.003 0.249+0.014 0.253+0.014 0.244+0.008
L RFAMK Pinus massoniana 0.512+0.026 0.483+0.082 0.402+0.098 0.437+0.170 0.353+0.920 0.397+0.028
F B I E AR 22
F6 AEMSLEENBEE (g C/kg)
Table 6 Soil carbon content in different forest types
sy INECE 1
Forest type 0—20cm 20—40cm 40—60cm Weighted Means
AR 23.161aA+4.339 16.887abA+4.071 12.340bA+3.105 19.163A+5.780
Poplar (1.161) (1.237) (1.263) (1.220)
TZAM 20.354aA+0.932 12.912bA+0.634 7.650cB+1.044 15.669A+5.581
Cunninghamia lanceolata (1.400) (1.437) (1.500) (1.446)
BT 21.913aA+3.790 15.587bA+2.245 11.783bA+1.263 17.774A+4.989
Phyllostachys edulis (1.093) (1.184) (1.317) (1.198)
SRR 22.410aA+0.592 13.438bA+1.374 10.299bAB£0.972 17.140A£5.516
Pinus massoniana (1.417) (1.490) (1.510) (1.472)

B PR I RIE £ hRIE2E 455 A RO TR T, [RIATAR R/ NS TR R (R — ZR AR IS B[R] )2 18] B 5 i 22 5 A .35 (P>0.05) 5 A
FUAN IR R Ak 3 AN R AR AR B 18] R IR] )2 (B0 A LR 75 1k 22 5% (8. 3% (P<0.05)

2.4 FRMAS RGURRAE R L2 A5
2.4.1 AT 0k A =

2T TLUAE N, DRI A)Z SRR 55, O 66.346 v/hm®, i 3 5 T HAL RIS (P<0.05) , Hik
NAZAM 47.871 /hm?(P<0.05) , Sl AP RAIAT AR B4 33.976 /hm? Fl 32.632 t/hm?( P<0.05) , HA7#
AR SRR it 12t () A B35 25 57 (P>0.05)

4 FbRAF OB T (4F) Wit B 24 R B, 835 R T HAB AR B (P<0.05) , 39 4 FR R 2 BBk A 1 119 529% LA
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o HUCORBIEL, (5 8.504%—22.649% , ZHAR (Z5AR ) ¥ 5K, 24 0.246—0.584 v/hm® {5 2% LT,

MK 7 AT LIE 4 FbR s b5 o Rt i AR T AERE T (55)  BRE AR SN A ARG A R i ik
I [ T0 3 22 5% (P>0.05) 5 T R4 FEEAE T AEAR S (FT3E) I3, BRAG ARSI AR Sk (AT BE) ichid 1 24 b 35 0
TR HARFIRAR (P<0.05) .

®7 FERSFAEHAME (t/hm*)

Table 7 Carbon storage of different organs in different forest types
A T 53 iy MROAUR)  CHRCR)  OROTHD R (9 s
Forest type Stem Branch Leaf Fibril ot Lateral oot Rhizomes Stump fit Toul
WK Poplar 23.177a+10.010 3.164b+0.541  2.031b+0.189  0.520b+0.153  0.988b+0.021  1.435b+0.030  2.659b+1.646 33.976A+12.277
ijﬂ\ghamia lanceolata 33.603ax1.477  4.129b+1.470  3.482b+0.741  0.584¢+0.110  1.105¢+0.213  1.699¢+0.325  3.268b+0.621 47.871B+2.213
EATHK Phyllostachys edulis 20.385a+6.125  4.383b+2.735  2.732b+2.026  0.486c+0.142  0.714c¢+0.277  1.431¢+0.281  2.502b+0.020 32.632A+9.217
L FEFAMK Pinus massoniana  35.080a£0.532  15.027b+3.924  9.594c=1.994  0.246d+0.053  0.377d=0.030  2.200df+0.076 3.821f+0.118  66.346C+5.823

RPBA (AR AT AR ANG F R 2250 13 (P<0.05) ; RIFUAR IR 'S 7 3m 22 5 R 135 (P>0.05)

2.4.2 FHMAZ RG2S 0]

% 8 Al LIE L, bR AE B R Geifig il 164.735 t/hm”, Hirh 1322 4 126.860 t/hm?, (5 £ 55 Sk i
HY 77.01% , H I 3 05 T HAZ Wk i# & ( P<0.05) ; HBE 2% 5 36.925 v/hm?, /i 22.41% ; SEHLBE ) )2
4 0.950 t/hm* {5 0.58%,

£8 HMESRAHREERZEHT(t/hm?)
Table 8 Carbon storage and distribution for different Forest types
M4 Forest type

, Z BATH
B Layer i A it A
Cunninghamia Phyllostachys . .
Poplar K Pinus massoniana
lanceolata edulis

F*AJZ Arborous layer
JEA)Z Shrub layer
HAJZE Herb layer

M BZ Vegetable layer
TEHLE Y Litter layer

/I Sum

K43 Under—composed
243 Semi—decomposed
C. 41 i De—composed
/I Sum

33.976aA+12.227

2.639bA+0.354

0.310cA+0.024

36.925+18.801
0.200+0.085
0.602+0.004
0.147+0.011
0.950cA+0.220

47.871aB+2.213

5.766bB+0.795

2.637¢B+0.614

56.274+25.653
1.569+0.232
1.190+0.596
0.779+0.330
3.538bcB+0.496

32.632aA+9.217

0.133bC+0.014

0.024bC+0.003

32.789+18.795
0.176+0.008
0.126+0.009
0.092+0.009
0.394cA+0.043

66.346aC+5.823
1.061bC+0.093
0.459bA+0.003
67.866+37.867
3.243+2.984
1.820+0.178
1.101£0.206
6.163c¢Cx1.771

+ 2 Soil layer +em 0—20 54.106+13.258 56.997+2.825 48.027+9.423 63.493+0.592
20—40 41.580+8.740 36.944+2.280 37.046+6.828 40.046+1.374
40—60 31.174+7.928 22.970+3.413 30.912+1.652 31.102+0.972
/N Sum 126.860dAB+11.482 116.911dA+17.104 115.985dA+8.671 134.642dB+16.728

£ Total 164.735AB£62.788  176.723A+56.481  149.168B+57.901 208.671C+66.090
FHRAR AR ARIE R ; MBI IR)NG SRR R [ 2 U i ik 22 57 1.3 (P<0.05) 5 [AAT A R 5 5 2 AN [ b B e f
ESARRFE(P>0.05)

AN R Sk A 176.723 vhm?, Hoh R 2 iAE & 116.911 vhm®, f7 R G0 Sk At i 1Y
66.16% ; F 1% 24 56.274 v/hm* | (i 31.84% , HHEAR Zcfifi it i & & T HA)Z (P<0.05) ; JEHLE W2 3.538
vhm?, 5 AR RGER A 1 2.00%

EMMAERRG AR R 164.735 vhm?®, o 252 MM R 115,985 vhm?, 5 RS0 G fif &2 19 77.
76% ; H#%)Z 0 32.789 v/hm?, (Y 21.98% , HHEAJZ FIFLA 2 M Aifs 12 (0] JC 8 3 22 5 ( P>0.05) ; SEHL W) 2 ik fils
5 0.394 v/hm? {5 0.26% .,
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RIS R Gk it R 208.671 v/hm”, Hirp + 5 2B fiff 8O0 134.642 v/hm*, (5 R G0 B fif & 1
64.52% ;M85 20 67.866 /hm*, i 32.52% , H - A2 Mfifi it i 3% & THEARZ MR AR (P<0.05)  (HFEAJZ A
FAZ H] T 3 25 5 (P>0.05) 5 SEHUAE W 2 e it i 7 6.163 t/hm* , H 7 2.96% .,

T 8 I AT LAF HY 4 FhERMA: 25 R G0 Bk it i DL S AR IR 3 (P<0.05) , P ARER AR, Hek i it 119 2 ] 43
A SR 3 . IR SHEPEZE SSEH B 2 |
2.4.3 4 FhARARE RISV [ B i

9 il KT 4 F N TARTR ARSI A J1o8 31.597 thm ™ a7 Horf ARG H A
i, 4 12,461 t hm™ a™' YO 5 MM RBK, 73524 8.462 t hm™ a™' Fl17.184 t hm™ a™', IR K
3.490 t hm™ a”' fdK, 4 AR OAE G E B EE 290 15.167 t hm ™2 a™' LA AR &, 9 6.019 t hm ™ 2™, T )2
FABRFIAZASRAHIT , 239K 3.969 t hm™ a™' F13.721 t hm™2 a™', SARAY BRI, 7 1.758 thm 2 a™" , 4 Bk
P& CO, 0 55.602 t hm™ a™', o BATME ST, 20 S BIMK AZARME 2 15 PR 3.4 75,

®9 KOTAMAIHEBFAARESNEESEBRE(thm>a™)

Table 9 Productivity and annual net carbon accumulation of four different artificial forests in Changsha

o Ay A A O,k

Annual net carbon

Forest type Net primary productivity aceumulation CO, accumulation
B Poplar 3.490 1.759 6.448
FZARM Cunninghamia lanceolata 7.184 3.420 12.538
EATK Phyllostachys edulis 12.461 6.019 22.066
T RAAMR Pinus massoniana 8.462 3.969 14.550
A1t Total 31.597 15.167 55.602

2.4.4 4 BN T RG00R O 5

MR VDT FRAARGEIREE T KD 4 A N TAMAE S RGE MR g S, R8I F£ 10, vTLUEH, K
T 4 PO T AR AR R 368195.50 hm? , BABRAi# N 6868.35 J7 M, Ho DU AR 1 FRK ) 25 B AARFIAZ AR AR AY
SV A, o 4 PP TN S R G Bk 1Y 88.04%

F10 KPWIAMAINRESRERAEE
Table 10 Total carbon storage in four artificial forest ecosystems in Changsha
KT g4 2 i YL
Fo e Lt et o S
L EEFAMK Pinus massoniana 160352.00 208.67 3346.07 48.71
FEARM Cunninghamia lanceolata 152852.10 176.72 2701.20 39.33
B Poplar 490.80 164.74 8.09 0.12
BT Phyllostachys edulis 54500.60 149.17 812.99 11.84
A1t Total 368195.50 699.30 6868.35 100.00

3 e

31 MY

AR R AR S R G A BB FRIE 2 — |, IR 58 AR it o RS- iy ) 6 Atk AR SCRTAS: 17a
A AR A: iRy 63.38 v/hm®, 5 T RHE 13a AR 45.43 v/hm® P 0T R 21a A FISEBHTH 25a 42
R AR 100.17 t/hm® F1 105.36 t/hm*>*>") | [G]iF, 16a 4= 2 BAMMA BN 135.390 t/hm”, 435 TR IR X
13a LEFI P REAREL 14a 248 IR 63.42 /hm?Fl 114.95 v/hm?" ) S HA A= 16 2 R 045 1 14 38 i
BN, 1% SRS 45 50 A — 3
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ARG 14a B EAMAEY R 100.578 vhm? B 5 T2 14a A2 A 97.186 t/hm® ) i T K b L
16a AR AR 148.303 v/hm* Y | IR BATHAEY) N 64.479 v hm® , HI S5 EKFE BT 64.749 v/hm® ™ 3E
L, AEAE T U1K T BATHK 87.38 t/hm*

IR BRI I SR ST SR A B SRR A R S i AR A Y R R R
3.2 MORIERS &

PRI 5 TR A B DR B A SR S LATEDFIE I Al S AR iAo 1% 2 R T [
P b H R R B 0.5 g C/g ™02 A ARSI AN 20 B MR B8 25 k238, AR SCIUR S & o6 Kbl 4 Ff
BRI B B RAEAT T I E AT, T S AR FE A SC B A . DA T BRR N 0.429—0.541"" 0.446—0.516
2700.475—0.559 ¢C/g Fil 0.510—0.526 g C/g"77", AR IS 0.405—0.516 ¢C/g; 2 A :0.499—0.617 7 |
0.474—0.533 7' 0.449—0.532 "*' 0.458—0.509 gC/g"*' , ARHFFE N 0.458—0.509 gC/g; % :0.428—0.441
B)0.419—0.475 1 0.505—0.568 ") 0.423—0.456 g C/g"" , A SCIMAE 0.454—0.551 ¢C/g; BAT:0.462—
0.481 ") 0.445—0.499 ") 0.451—0.531 "*" 0.422—0.475 "**) 0.468—0.521 g C/g"* , AHF5E K 0.405—0.
527 gC/g. HAR FIREBIRE RN (HIRJEAETE 22 55, 1T H A4 B 09 & R KNP A S AH [R], 3R W
PRI W R AN RN 25 B A RIS TR [)— b 276 AS ) XS B R AN A [R) , B0 G 4 R BA7 1
225t P, R T RE A T T3 ARARBRIL , 43 B2 53 DX S5l o3 PR S 5 e %

3.3 ARAREBRAR R KL AR R

AWFST I BN KA 25 R G iAo 208.671 v/hm? I8 T 05 M &5 i 1 75 50 B B 5 R AR Ak 276.63 1/
hm? T AR 5 25 (R K D R XL AR AR 159.93 t/hm® ") B AR LM T 5 EAA AR 180.700 t/hm* > T
WA ST S AR 165.37 v/hm® | 5 /NFARBIFSE ; i) B ASBIE S (9 42 A MRBi A 2 176.723 +/hm , 1] )
RARZEAMIIN T AN 124.800 v/hm® > MREEER) MM AT A2 AR 165.710 vhm® ™ | & W% 23 [ BAZ K
K 150.190 t/hm* ' SN FAMFS

ARSI BB Gt i 164.735 v/hm® KT 5% FHTIT AR AR 188.490 v/hm? ™" i & F R 13a ZE Ml 21a 22
R 121.030 t/hm* Al 121.720 t/hm*">%

X1 IO 9545 1) %) B AT T B AT PR R 105,070 v/hm® Y| F R 25 B MR VLG 22 B AT AR 106.362 1/hm? |
PR T AT EATHR 149.168 v/hm® , (H 3K EE M VU T BATH 156.570 v/hm® ™) | H ISR &R B E
Pr#k 166.340 v/hm* " F MK B I BT 226.750 v/hm® 2 HI = TAMFIT

IR AT RS 2K W BT S RGE Rk AR 25 5 X 0T BE S R RIS X SR A
P RO B ST AR A I 8 O 2N e, (B IR DX AN [ R PRI R0 1 i o 93 A A% Jmd 2 — B0 B 482
> B Z S AR )2
3.4 BARIERICEE

H R 11 AT LA A SCE AR 1k o TRV T R X S ARy 1.6 %, 5178 S B AkdE iR i2 K
ARE B T N TTAZARMR 1.5 6%, 5 IR 23 [AAZ AR bR — B0 AR e & & T R EE AR 1.2 580 1.5 6%
BATARIE B T HLALPY 1.2 6580 1.4 £%5 BAMR TR < W BT 1.4 £, RUIRARER AKX
T 57 A PR it S5 T PR T s B 7= A 5 )

N 11 3BT LATE A AR X A 4 Fh T AR B LA AT ARG [ 5k AE 1 deoi , L1 B B T ok T B A PN
AR 1—=3 1%, AR 3—5 £, BRI, 7R vhd B & e B AT AR, A R TR 4 M b A 8 3R B, A5 1
XA R AT R A RIC D RE

4 #ig

(1) Kb TR A2 A BTN D AR S R G ARJZ A Wi 535018 63.381,100.578 ,64.497 1/
hm? 1 135.390 t/hm” ; /K T A S SEHB )2 A= W) 5535904 2.602,22.321 ,1.847 t/hmy, 18.374 t/hm’,
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(2) MRAKZRE Bk . T BN 0.405—0.516 ¢C/g fZA 0.458—0.509 ¢C/g #H 0.454—0.551 ¢C/g &
7 0.405—0.527 ¢C/g.

R FERALDBTENMLE (thm? a™)

Table 11 Comparison of carbon sink capacity in different forest ecosystems

MR W I gk WIE CO, it BRI
Forest type Research location Net carbon accumulation Net CO,accumulation Data source
I BARHR Pinus massoniana i} 3.85 14.11 F s [44]
kb 2.50 9.16 ki e 119
A3 3.97 14.55 ZS'S
AR Cunninghamia lanceolata SN 2.30 8.43 R s3]
W 23 1) 3.12 11.46 J7 4]
R 2 A B 3.48 12.79 CE-LEARD
ZS'S 3.42 12.54 ZS'S
M Poplar Kot 2(6)8 ;Zé 75 3p. 482126
2SS 1.76 6.45 AR
BNk Phyllostachys edulis WL 5.08 18.62 J [ A 1)
] 4.30 15.77 Tl
Wi 2 7 8.29 30.40 ERAEAR
3L 6.02 22.07 ZS'

(3)4 RS RGRAE I . T EAMK 208.671 t/hm® FZ A 176.723 t/hm® ##Hk 164.735 t/hm? |
EATHK 149.168 v/hm?® . H A2 3514 67.866 .56.274 36.925 .32.789 t/hm” ; SEHLAE M )Z N 6.163 3.538 .
0.950.0.394 t/hm*; 32K 134.642 116.911 ,126.860 ,115.985 t/hm’, Bififi 3 A A% Jas b + 38 )2 S W2 >
TEHIAE I Z

(4) KUbTi 4 B TARRGE A 7 1 g DR FARK 8.462 t hm™ a™' A2 AMK 7.184 t hm™ a™' MM Hk 3.490 t
hm™ a™ BATAK 12,461 ¢ hm™ a™" ;4 [ B i FIAFE [ 2 19 CO, 1 5 EEAS 3.969 t hm™ a™ 1 14.550 t hm ™ a™" |
AR 3.420 t hm™ a”' F112.538 t hm™ a™' AR 1.759 t hm ™ a” ' F16.448 t hm™? a™' . BA4£6.019 t hm™ a™’
F122.066 t hm™a™',

(5) Kbl 4 B N TAARIEF R 368195.50 hm?, Enficfiti &k 6868.35 J7 i, I rf1 B R AA MK 3346.07 J7 i A2
AR 2701.20 T3 A7 Ak 8.09 Tl BATHL 812.99 Jiif, FHAK VLT 4 B N TAKAG B AT DO REIA f | 7F
RSB TR 78 A - A O Sy N AL (5 WS T - A NS RER s DO Bt A B o N e B 1B A ER =  NTT 52 W 1
PRAP N B A B P2 = T ARAR A0 DI RE , %o 22 A I vl A 2 205007, 98 0 S A 728 A 7 T e 45 EL A T 8 0 S
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