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Bk, BELT WmAM, LR
(hEpolBHE RS, KT 410004)

FE CRABE R BF 58 T R X 13 FA SRS RS0 & i BRAh i S as RIA e, 45 R0, DM
AR AS T YIRS 0 511,17 o/kg, N BIHRSUIT R > 1 >8> > H MR HEAR R AR AR 2 070 & 24
WK 531. 66 .465.53 393. 92g/kg, MHb I ZAMER S EN 9. 40—24. 73 o/ke, BB E & B A, £ 2 (0—15em) +
Bt R o R IRl - R N B TR, RS RIS [ 5 A0 RN R SR B SHIE R R B Rk
iR 34. 500/ hm’, FEEANE R RE M EAER I 21, 57% ; TR ZWAE R A BT RGN 20. 27% , 5 A 2 T Ag &= 1Y
93.97% , FEARZBAE S P W T RBRAE R, T ARZRAE Y 65.52% , IR, 5 T ARZRRAE R 1Y 19. 15% , B e fe b
X5 2. 10% s AhT&E Y 2% 3. 81 v/hm” AL 5 A E R RGEMAE = 1Y 2. 38% 5 pith + 582 (0—60cm ) W fifg i AH 4 7T WL, 4
121. 62 vVhm® | (5 RGEBRAE R 10 76. 05% , Dy RAAMRAEE = F1 04,88 tohm ™ a™' A HUBRAE S FE E R ] 2,50 t-hm™a™  IFE Ik
CO, B4 9.16 t-hm™a™" |

SREBIA Bk B i s B s SRR TR 3T KD

Spatial distribution of carbon storage in a 13-year-old Pinus massoniana forest

ecosystem in Changsha City, China

WU Tao, PENG Chonghua” , TIAN Dalun, YAN Wende
Central South University of Forestry & Technology, Changsha 410004 , China

Abstract ; Increasing concentrations of atmospheric CO, and other greenhouse gases are widely recognized to be contributing
to the rising average temperature of Earth’s atmosphere since the late 19th century. Urban forests have great potential to
affect global warming by removing greenhouse gases and sequestrate carbon into its biomass and the soils. Carbon storage
and its special distribution in urban forests are important indicators to accurately determine carbon sequestration capacity in
urban ecosystems, to completely evaluate urban ecosystems’ functions and services, and to efficiently develop sustainable
urban ‘ carbon forests’ management. To improve understanding of the influence of urban forest structure on carbon pools in
urban ecosystems, the content, storage and spatial distribution of carbon in a 13-year-old Pinus massoniana forest ecosystem
were investigated in Changsha City, Hunan Province, China. Results showed that carbon concentrations varied with tree
organs in the same tree species and with tree species in the same tree organ as well in the Pinus massoniana forests. The
average carbon content was 511. 17 g/kg for different organs of Pinus massoniana forest and decreased in the order leaf >
trunk > root > bark > branch. The amount of carbon stored in shrub, herb and litter-fall layers was 531.66, 465.53 and
393.92 g/kg, respectively. Carbon content ranged from 9.40 to 24.73 g/kg in the soils and gradually decreased with the
increase of soil depth. The ecosystem stored 159.93 t C/hm’, of which 20. 1% in above-ground part (living and dead
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vegetation) and 79.9% in below—ground part (roots and soil organic matter in 0—60 c¢m depth). Carbon stocks in the
different components of the studied forest ecosystems were in an order as: soil >vegetation > litterfall. The vegetation
component stored 34. 50 t C/hm” and represented 21. 57% of the total carbon storage in the forest ecosystem. Carbon
storage was about 32. 4 t/hm’ in the overstory layer, which accounted for 20.27% of the total amount of carbon in the
ecosystem, and approximately represented 94% of carbon in vegetation component. Of the overstory layer, 65.5% was in
stemwood , 19.2% was in roots, 13.2% was in branch and leaves, and 2. 1% was in stembark. Carbon storage in litter fall
layer was 3.81 t/hm” , which accounted for 2.38% of the total carbon storage in the ecosystem. The soil was the largest of
carbon storage component (121.62 t/hm’ in 0—60 c¢m depth) and represented about 76% of the total ecosystem carbon

storage. The annual net primary productivity was estimated to be 4. 88 t-hm™+a™" in the Pinus massoniana forests and

-1 -1

annual carbon storage was 2.50 t-hm™ a™ | which was equivalent to approximately 9.2 t+hm™-a™" of carbon dioxide. In
other words, the studied 13-year-old Pinus massoniana forest ecosystem has the capacity to remove about 9 t CO, from the
atmosphere in Changsha City. Our study demonstrated the important role played by forests in mitigating global climate
change, and the research results would provide scientific reference for accurately evaluating carbon balance of urban forest

ecosystems.

Key Words: carbon content; carbon storage; Pinus massoniana forest; urban forest ecosystem; Changsha City

SRR FLOAEELE" . B SX &ERA R # E A, CO, /E N EE I —FEES
A, HIR 5T E A S EROCHE MR T FRMOE: i b A 9 Bl %) S A AR e B DX el A8 R B i 25 T AR
FH 0 HAE 2 EKECE TR E T EORBY TR . AR 28 R GE Ik b e i i b P42 | 6 I8 A ke V-7 | D
ZZRA CO, IR M LT R e P RS E T A Rl R E

IEAER , W I T A KT A PR | AR A PABE IR H 25 28 11, T ARV i 2 i R 26 &R
G5 T AR 4Y , TECE MAERER T A S I P R AR OPE RIS S B, B R IR MR Y
Thim, g T REREAER A, PRI, ST AR R AR, 2R 52 1) Y 12 R 22 1 6 i 7

LA (Pinus massoniana ) ;&8 FEI R )5 19 2 S L& MR T, AALEAR 2057 8 S B B s8cie M 2 (e,
M AL A S RGP AR A B BAEH . AU R 19 40 A 1 BUAT 230 277 hm®, HETH XS EMAT
MAS RGO IT R 2 (0L T I8 A R 7 0 X SRR AT PR 110 B i R X /0 B 7 2R K 1 e
VPN T DI RE B B AR AR — o ASSCM LUK PP TT X 13 454 DA N TAMAE S RGN IFTEX 4, i
FEDT BRI WP T HAE i R i AR T it B B s [B] A AR e . R R A SR e A T AR
A S RGeS (AR m 5s  [m] R A T AR B R AT S S R 22 AR A
1 RIEX B AR

I X AR A KT R X, P07 B 111°53'—114°15'E,27°51'—28°41'N M Ab it o Fr g 51
o T} i AR D 90 R 0 ek, AT AR VG P e, AR R R S . TR — % 100 m 25 AL AR
SEHIRAN 17.2°C AR [ K R 1360 mm , FIXHEEE 80% , Sk R A FER A FREM , L Z 4K, 0 ALY
WA KB R, +HELTHE N | R AT I BT R I 0T 6 MR B o 2
AR BR  JSUE R R R L AT R DI TUCE MO IRSMA 1000 46 FT | 4528 A2 9 2
JFEWS ( Pinus massoniana) ai k., T FBA H *Ek( Quercus fabri) | yNLURE T (Lespedeza davidii) | N
(Rosa cymosa ) H M % 24 F ( Rubus alceaefolius ) B 3 # (Artemisia lavandulaefolia ) | 2k 1= F ( Dicranopteris
linearis) 5 IR LR 1,
2 MRFE
2.1 FEHPREIE A LA ) R E

FERFFE XN, 1R 20mx33. 3m 1 E FRAS N TR i dh 2 B, dF 4T R AR R, MROAMRRIE ILER 1, [RIB7ERE
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B L AAMRHE 500 m b TCARHLBE E X BRAE ML 2 B, T AUy 667m? , 7R X HRE M b AU A KA A i 1 AR 2R
ZAEERAKEY), S5 N 20% o XFRHERSEAT IR DN TR A e Tt . 48T bR e A T AR AR, S PR B, R
TERRUEH N FEAEAR AP EIR TR AR 3 AR HEAR 3 B, SR 242 5003 DN E AR A 19 A= i, FEAROR
AL T o0 S PR i, RIS SR AR AR i 1.0 kg AERMEIBXS LG PO AT BB A 2m x2 m BURETT, &
RN 2 A, SR 4 A IESR IR DT N AR EAR R AR YRR | SR 242 50 D05 70 0 I 7 B84 D7
A BRI AR 0 BRI TRE AR 1.0 ke, REASHEML N A SE OB IR R 20 M o0 i A E it 4 0
B FRBUR, 7B M ah 1.0 ke,

F1 DEMAIHREHKSHHE

Table 1 The features of Pinus massoniana plantations

sy LN iy ERINaE PR MWyt Stand biomass/ (1/hm? ) PO S
1y )3 ..
Stands Forest gy Averase  Average - ppE gl it R R iR Stand Productiviy
age/a DBH/cm  Height/m Bark Leaf  Branch  Root Total /(t-hm™-a™")
LA Pinus
massoniana 13 2000 7.4 6.9 40.52 1.58 3.94 5.02 12.36  63.42 4.88
forest
Xif HE b o | AR 24
5 20% .
Control land #E v RN LY

FIYIRESE T 105°CHA AT S min J5 , T 80°C 1H Mt 2= 18 Fi i | Ju B 4RI SE BB 1Y A
PR BRRAE i 3 BRBRIEA 1) S SE KA T AR 2 A6 4t AROK Bk A 1 1 3fe AR e AR BSOR 15, TR AR 2 4R
HAE T R AR K RS
2.2 BIERERCRES AP

TERRE R0 REHE N 25 1 4 SR A, TERE KA B4 0—15 .15—30,30—45 45—60cm 4 2K, 53
SIELAE 500 ¢, MR E4E 64 4>, ZHBRABRS 2, T 518 20 H A 100 Hf, 8 H, H7E 5 b Py 3 7]
TR R
2.3 k2RO BB R AL 3

I it P A AL 5 ) % T - R 2 T U, MR v A L e P A TR - R Sl Tk
KA ML) DI E

Joi I SPSS13. 0 R fA-Ab 3, BHs Ge itk FHER N 28 5 25 50 H , 6 3845 2 A AR & S iEA T LA, 5 RE A )
2T a5 R 4 WEE RFEME . REIARER (SE) .

TeARIZ FEAR)Z FARZ MBS TR KGR0 B S it Yo IO 8 . kst e i A9 it
5 AR R il 7 2 TR B AR
3 £R551%
3.1 HEMMARKISERS &

MF 2 ATLUE B RASARI B s & AR, RIS TSR > B>k, BT 58 k5t i 5 &
Z A2 5 B3 (P<0.05) , 1T AR P Z ] 22 5 A8 B35 (P>0.05)  H B8 2w TAAIE (P<0.05) .
3.2 PR A

HH 3 3 AT, RSN AR AL A 7 Fh LR RR R R e & s AN ), DA LLSH RS ik o 5 5 (608. 86
g/kg) , IIBLERA (489. 54 o/kg) , I 1.2 1%,

&4 TTLUEH, DR T SAR Y IE 6 Fi, IR AR, Hom & 2 X8 Fr AN ], i S0 1
WSl 494,06 g/kg, LA BH RIS 171.00 g/kg, 1M H FASERR & 484. 19 g/kg HTE9.87 g/kg.

RG22 3R 3 FIER 4 WA FER — RO I AH R EE 254 T, TR 2 EAR 2 AR 2 (0 & R ), R AR )
FhEAR TR Bk W] — AN RSB, Hok A e B AN A TR , 3 2 B HRe A 9 A 2 e T 3858 2R A 1A 3% T 00 2
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WER,
*2 DENRMHRAER[REMNHRESE (g/ky)
Table 2 Carbon content in different organs of Pinus massoniana plantations

#4H Organs SEH{H Mean Value bR Standard Error 75 5 28 Variation coefficients/ %
F#t Trunk 524. 15ac 7.10 2.35

W% Branch 429.43h 25.05 14.29

BNt Leaf 541.41a 27.08 11.18

W% Bark 430.05he 39.63 15.96

PR Root 502. 58ab 25.19 8.68

JFCF-4{E Weighted means 511.17

[R]— A0 [R)/NE Ek R & 2 T )R & e 25 AN 3 (P>0.05) , A RIV/NG R R RO & 28 1 115 2 1 22 5 35 (P<0..05)

R3 DEMMTEAENHRSE

Table 3 Carbon content in shrub layer of Pinus massoniana plantations

HiH 4% Name of plant AT Life type e it Carbon content/ (g/kg)
FA#% Quercus fabri Hance TR 498.35(22.51)

LA Symplocos sumuntia fiE- ST N 489.54(17.74)
KM K T Lespedeza davidii franch T HEA 502.31(5.27)
ISR Rosa cymosa Tratt NI A 515.31(17.43)

e ¥ Gardenia jasminoides Ellis WA 538.02(26.09)
LI Lindera glauca (Sieb. Et Zuce. ) BL T HEAR TN A 608.86(31.06)
ML 44 F Rubus alceaefolius Poir TEITHEA 508.23(31.84)
HIAE 34 Weighted means 531.66

15 B A bR 22

x4 DEMMRTERENKRSE

Table 4 Carbon content in herb layer of Pinus massoniana plantations

Hi¥) 4 Name of plant AR Life type B 4 Carbon content/ (g/kg)
WY H Artemisia lavandulaefolia DC E 240 494.06(13.84)
—A4FE3% Erigeron annuus 1 AR AEA 416.12(8.01)

14 Imperata cylindrica EACRCS 484.19(27.95)

4 BH Hedyotis Chrysotricha (Palib. ) Merr 1 47 323.06(13.73)
k153 Dicranopteris dichotoma ZAEAE 444.94(29.98)

¥R Preridium aquilinum LR 365.96(13.00)
HACF- 2418 Weighted means 465.53

5 B A bR 22

3.3 MRHURSAS I

FROMO R 7 202 B B S R ZR T AR 43 P o S o i st A L AL R R MAE S R h i
BRI Z —, RS RGN E T Y B 9k s, AU IR BAG |, IF AR B R G 0t F it
RE S RN BT, X237 bR il ST ) RN s AR AR A 7= ) A S B, B3R 5 AT bR DR AS T 2 R
5 E4509 393,92 o/ke, AR AMEZ N 401. 80 o/kg, FAMIIE K 436. 59 o/kg, B 4MEE Ty 352.72 o/kg, i
MR HE Y R 200 )2 > R0 12> B4 12

P2 K3 K4 MES HATIE, TTUEN, SRMMAR)Z EARZAEARZEY RS ENS T
ke vE 2 WA b I A AT S8 e 1 i 380 R TR AR FEAR - Ak %
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R5 HMHEEEHERSE

Table 5 Carbon content in litterfall layer

23 Layer FIIME/ (g/kg) PR ?%%ﬁ@
Mean value Standard error Variation coefficients

AR Afif Litter 401.80 60. 54 30.13

243 f# Fermentation 436.59 9.14 4.19

E. 4% Humus 352.72 19.75 11.20

JNBCF-HIE Weighted means 393.92

3.4 HEEAMU SR

M 6 T, A +- A LR & e T B A 0] oA AN Y 5, SR Bt 2 - SRR B 1 M T 34 ¥
TR, B I R RERFE T ,0—15em 12 A RS BB E ST 15—60 em(P<0.05) 12, 5%t R b
Eb, bl - A AR 75 -5 % B M A7 7E — SO R R B + 38 )2 0—15em Rk & & i, Bl )2 1
TG 2 B985 (P<0.05) 1 HAT 60% LA LA HLER 2 A 7F 0—30 em R 2 R TAYR R
FEEPELRERZ,

k6 THEANKREE
Table 6 Soil Carbon content

+JZ Soil layer /cm Ml Stands/ (g/kg) X HEHE Control land/ (g/kg)
0—15 24.73(1.59)a 19.67(0.36)a
15—30 18.25(0.91)b 13.01(1.75)b
30—45 11.65(0.47)c 8.02(1.00)c
45—60 9.40(0.64)c 5.68(0.30)c
JINECFEYI{A Weighted means 15.59

F65 BRI 2% 5 Rl—3 M R)/NE T B FRR AR 12 A HLbR & 25 7 A .3 (P>0.05) , A F/ING F BRI AR L 2 [RIE Bk &
B2 EE (P<0.05)

3.5 MR

M7 iTLUE, SRS RG D, AR Z A Y 32. 42 vhm® , FA i (T M+ 1) it i e
1,0 21.92 vhm? | | HIRARJZIRAHEL Y 67. 62% ,FLUCHRIAR 6.21 v/hm® (5 19. 15% , ARIACFIRE - A%, 43
Wk 2.16 F12.13 t/hm? {45 6. 66% F16.57% .

TEARZWA# N 807. 71 kg/hm® , HAFAE 2 PRV P 23S 145 i 400 A 40 DR/ INAS [) AN ) PR B, L
HUEY) i 355,96 kg/hm® e, Hebefifiie 216. 73 kg/hm® W e B TEY R 92. 12 kg/hm® ik, Heht i N
49.56 kg/hm® , IRE AR, Wi () A= M 22 3. 86 %, ikt s I AH 22 4. 37 £,

TR JZ AR 1269. 92 kg/hm® | 25 iR ASE ) (14 itk i 2475 A7 A6 45 5 TE A AH — S0 R | BBl AR
TR 28 R LA Wy TR /INAS [ il i 2t S A ] 4 B9 3058 26 i o = 8 1372 21 kg/hm®, LR it 5L 75 5 36
677.95 kg/hm’, 545 T HAZ0AE B 1Y 53.39% , i 4 BB F A Y2 /e fIK, 4 12. 40 kg/hm?®, HAk it 2=k
4.01 kg/hm?® , H (5 BAZRRAE Y 0. 32% , W4 IBcfiti &, SaAH 25 169 £, W UL MWy it i 270 ) B IA
TEYIFNIAF S, b SHE R A ) ) S A T R AR
3.6 ANBTTE T Z RN A R

2 8 Al LIE WSS 2 Ak B i Bl 3810. 12 kg/hm? , Horb LUK 40 i 2 Bk fif B 1312. 83 kg/hm” %
15, HUON O 4 i )= ki i 1299. 43 kg/hm® J& T, FRR AR5 JZ 1197. 86 kg/hm® Feflk, BEIRVHRIZ A
LT 4% )2 677. 03 keg/hm® H PR & &5 T O 02 T DA il 3 2 )2 & . g ek i &
SBAF BIRR LD BB A A ML A TR BRI, 2 - R R GERRAIG R (RS, 4, T L7 35 T b i, A 2
Hoyk Al B 1k T R TR B ETA TEITIE T ARARURVE DB AR T R g AR K

http ; //www. ecologica. cn



13 4] MR A AP IX B AN N TR A 2 R Ge ittt i S s [ o A 4039

x7 EYEREE

Table 7 Carbon storage in vegetation layer

FFARJZ Arbor layer WEAJZ Shrub layer WK Herb layer
. R L e 4 gy B e 4 g PO
B . Carbon . Carbon . Carbon
Organs Biomass storage Name Biomass storage Name Biomass storage
i 2 ) f ple 2 f ple 2
/(t/hm”) /(b ) of plant /(kg/hm”) /(ke/hn?) of plant /(kg/hm”) /(ke/han )

21.24 S WF S Artemisia

g Trunk 40.52 110.78 55.21 lavandulaefoli 1372.21 677.95
T4 Trun (65.52)  Quercus fabri Hance avandulacfolia

DC
LR -
2.16 —A4FE %
;. Branch 5.02 Symplocos 152.95 74.88 Elt 479.50 199.53
(6.66) " Erigeron annuus
sumuntia
243 MEIRT B
i Leaf 3.94 ’ Lespede: 215.93 108. 46 234.37 113.48
PIT Lea (6.57) pedet Imperata cylindrica

davidii franch

0.68 /R 4B H 5 Hedyotis

i Hz Bark 1.58 319.60 164.6 Chrysotrich 12.40 4.01
Ff 1 Bar (2.10)  Rosa cymosa Tratt ? o rys.otnc “
(Palib. ) Merr

6.21 HEF Bt
R Root 12.36 (1 9’ 5) Gardenia 92.12 49.56  Dicranopteris 565.24 251.50
’ Jjasminoides Ellis dichotoma
LA Lindera s
¥ Proridi
glauca (Sieb. B 355.96 216,73 K Pleridium 64.09 23.45
- aquilinum
Zucc. ) Bl
W
HIIF AT Rubus ) g 138. 18
alceaefolius Poir
&1 Total 63.42 32.42 1519.23 807.71 2727.81 1269.92

155 BRI A 244 S B i 5 T A Z B i 9 1 0 (% )

x8 MEEHEMLTERGMEE

Table 8 Carbon storage in forest floor and soil layer

HiA & )2 Forest floor 1 3)2 Soil layer
2k i%% Tefitt it 2% ?_’EJEE Tfit ik X 1l
Biomass Carbon storage Density Carbon storage Control land
Layer N ) Layer/cm 5 ) N
/(kg/hm”) /(kg/hm”) /(g/m’) /(t/hm”) /(t/hm*)
A4 Litter 2981.23 1197.86 0—15 1.10 40. 80 31.28
223 f# Fermentation 3007.01 1312.83 15—30 1.39 38.05 21.66
E. 4% Humus 3684.04 1299.43 30—45 1.35 23.59 13.11
45—60 1.36 19.18 10.48
A1t Total 9672.28 3810. 12 121.62 76.53

8 KB, Mot + 3R A% O 121. 62 v/hm® , 5XF B 76. 53 v/hm® A EE , 25 EEAA MR 1 39800 it et 45 5
T 37.07% . FENFE 8 W LA H , Th MM MRHE Al 8 3+ SE AR % 2 i 4 39 VR 38 AN i T B, B 0—15em +
JZ2%E 15—30cm + )2, LRI T T 6.74% X B R T 30.75% , i 0—15¢m £ 45—60 cm )2, 5
FERMPRHL I T 42. 18% , X BRI R % 58. 09% , 2 BH I J2 M b b i it ek it 4 J2 R 88 Py B85 T I I8 140 s 32 /N
Tt B b
3.7 RS RSt s oA

H 3% 9 WA DRI E R RG T mRAEEN 159.93 vhm?, JF R HHZE SHZE (FFAR FEA K BA
2) >HitiEm 2, Hp a2 AR JEARZ FARZ A 530 32,42 .0. 81 ,1.27 v/hm®, 43 51 5 A4
B RGRRAE LY 20.27% 0.51% F1 0. 79% ; Atk V% M )2 B fifi i 0 3. 81 v/hm?, o 8 AN A2 28 R S i fifh 5 (1)
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2.38% ; FIEJZRAERIE , 0 121,62 vhm® | HEEANAR R GEREE R 76.05% , B WAL, DREM
MAZRGH  FBZ HIRAG N 34. 50 vhm | 5B R G R 21.57% , P I RJZ % 32. 42
t/hm’ | A] S AL WUZ0RAE B 10 93.97% , R WIHE D B IAMA S R G, HAZ B0k % 1 5 B HR T 7 AR 2 1B
fifi

x9 DEMMESREBMEET BN
Table 9 Spatial Distribution of Carbon Storage in Pinus massoniana ecosystem
414} Component L/ (/b Bt/ (1/hm?) B 4 He /%
Biomass Carbon storage Percentage of carbon storage
e ARJZE Arbor layer 63.42 32.42 20.27
HEAJZ Shrub layer 1.52 0.81 0.51
FAJZE Herb layer 2.73 1.27 0.79
iR 12 forest floor 9.67 3.81 2.38
1382 (0—60cm ) Soil 121.62 76.05
ST Total 159.93 100. 00

3.8  LRMMAERRGTTAR)ZA G [ i

22 10 Al 50, B BT R B4R A2 77 10 4. 88 t-hm > a™" ARV E 0 2,50 t-hm > a™" Hirh |
BB AR [ 7 £ R 2. 02 t-hm ™ a™ A Y FHL AR R A 4. 21 £, L EB A AF e [ 1 00 AR T A1
) A Y id 1 7 i F 9, o4 164 t-hm >t (i R A i [ 1Y 81.2% 3R 10 I8 TR B 13 AT
EMHAESRERAZRL CO, BEH N 9.16 t-hm™>a™"

®10 FREFEREETE

Table 10 Net annual carbon storage in arbor layer

414 Component B/ (e hm ™ - ) Gk E R/ (e hm ™2 a7 P €O, B/ (thm™-a™)
B pone Net productivity Net carbon amount Amount of CO,
T4 Trunk 3.12 1.64 6.01

B Hz Bark 0.12 0.05 6.18

I Leaf 0.30 0.16 0.59

#A; Branch 0.39 0.17 0.62

MR Root 0.95 0.48 1.76

#11 Total 4.88 2.50 9.16

4 Z5itie

AWFFE RN, D REAMT EARIYI% & HEH 489. 54—608. 86 g/kg, HAAEY) Jy 323.06—494. 06 g/kg, 4%
RS B R A D RAMMOR SR B i & ), AR 430. 05—541. 41 g/kg, He B AIHET -
> P> AR>S B>, X5 ) P s Fe bl X R DU 7 A R AA AR 45 B BT B Rk e AR AV R S AR BT, (4%
W E A A S ARHET (7708 TS B s DI AR SE > TS0 > B2 ) A AR, X il ge 5 5 B A K 1
HuSOR R A 26

I AN AR D - 3G BILAR 7 i Bl SR B (W B NI 28 8 B ,0—15 em +RZMS B B E m T 15—60
em 1JE(P<0.05) , FBINFRREN, FEHR T L2 LZRTENAEYATEELR, AR RE )2 1, X
HHRMWE" SREKE MR R —8, HERZE L (0—15em) WA LB S &L T ERZ £ (1530 cm)
9 1.36 i, IE)Z 1. (45—60 cm) [ 2. 63 175, 15 8 ISR F 5 (54 DU 1| 2R AR 3 A7 HLRR 75 3l 2140 A 4R 1F
SEAHE I

KAVPIRTT 13a 5 RAAMHL 32 (0—60 cm) fRAE N 121,62 v/hm® , 5 TR I 24 4R SRR
N TIRAS AR A (84. 78 tv/hm™ ) " 1 DU 11 48 9 BLA [ 28 2 FR Fs T4k = 398 0k i# £ (87. 04—107. 90
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t/hm®) "2 {H B AR TR [ ARAR O A B (193,55 v/hm? ) 2 HERRAE R G D AR A B R G R
fitiie 76.05% , Gk E PR B AR S AT 45 TR — 50, 2 WM - 0 e i F KA

Baties' " % 45Kk + EpR il HOBT 5T 200, 7E 0—100 em [+ 380 AE B ,0—30 em FIF 5 1Y FEIHE 37% —
59% =[] , 5 M AEAELS) (g U 1] ZRAK A HLBR A% B, 0—30 em JIF 5 HLBIFE 36. 38% —56. 48% 2 [H] . A
FERHT, K VDI E RS A TAR A DL GEEE 0—30 em I 5 (19 LR 52.94% I AT WL ) AR AR 1334 #L
fehit it DL HEER 20 o (K SR AR A DR e e PEAL2E | A RTE BI85 5 R R 2 LK
3 2 I 5 2 = A ML it s D , PR AR R A S R G, L HOE ST R MR S R S T
B, X YR A I A R R Y

KYPIRT 13 4R 5 B WA BRAE 1% 10 B % 5 0 34. 50 t/hm? , B T F& [ 2% AR % 1 24 5% % 12 (57. 07 v/
hm® ) FEF I bRBSA B (67. 76 vhm® ) 2 A 25 R GEBR P (1 25 6] 43 A3 )7 31 Ry 382 > M2 S A W2 . A3
RERRAEE R 159.93 v/hm®, 5 F U1 21 454 D A MA: 28 R Gui it i (140. 01 vhm®) ™ KT 14 452
I BB AARAE S R G 1 (235. 00 t/hm®) 1 SR FEAA RS A AT % T4 185 550 W) 25 B i ek A0 v KK, i ELIA AR
TR G328 B A AL A TR TR S AR ( B B AZ AR TRASHR) Bt (178. 83 v/hm®) ™0 | LSRR AR S5 A2 A M it
PR AR EATRSSIS A R T4 D RAN SR A: 28 R G Af i

13 L BN T ARZE A7 S 4,88 t-hm™a™ | AHUBRAAS FE N 2.50 t-hm™a™ | ITE 1L CO,
B4 9.16 t-hm™a™ KT 14 448 D RIMMAE R RE A WURAS E 2 & (9. 072 t-hm™a™) ,#7H 1K CO,
M 33.24 t-hm a3 A A T R RS AR IR S PRBR 1 [ 52 (5. 96 t-hmaTh ) HT A CO, 2 21. 88
trhm a2 P ARBIE AU IRAZR A 7 ) B AR T s A T T SO LR AT A
ko AIUL ORI B ARAR AR W] AR IO S —E 11 CO,0

FE S FTIR T A TR B kT ARARTE AR A NS DL T VR A PR SR T AR AR T R A0 ik fid R A SN
B, DRI MER b e S BT T AR AR A 2 R G AR I T e A ST A VR 5 L P AR R 2 Y G
T T RERE BN SN T BRI B i, AR SC R AT VDT X A AR 2 1) T RS N TR 28 R GE IR A
SEHEAT T ST, SR 1 0 e A T DX R A RUBE b ) AR MR A i B i T T e B (AL LA 5040

References :

[ 1] Oreskes N. The scientific consensus on climate change. Science, 2004, 306 1686.

[2] Zhou YR, YuZL, Zhao S D. Carbon Storage and Budget of major Chinese forest types. Acta Phytoecologica Sinica, 2000, 24(5) :518-522.

[3] LiuGH, FuB]J, Fang J Y. Carbon dynamics of Chinese forests and its contribution to global carbon balance. Acta Ecologica Sinica, 2000, 20
(5): 733-740.

[4] Watson RT, Noble I R, Bolin R. Land use, land-use change, and forestry. A Special Report of the Intergovernmental Panel on Climate Change
(IPCC). Cambridge: Cambridge University Press, 2000, 30.

[ 5] Ashley C, Xiang W N, Young J. Planning for multi-purpose greenways in Concord, North Carolina. Landscape and Urban Planning, 2004, 68
271-287.

[6] ChenH, GuL, LiYQ, Mu C L. Analysis on relations between the pattern of urban forests and heat island effect in Chengdu. Acta Ecologica
Sinica, 2009, 29(9) : 4865-4874.

[ 7] Brack C L. Pollution mitigation and carbon sequestration by an urban forest. Environmental Pollution, 2002, 116:195-200.

[ 8] Nowak D J, Crane D E. Carbon storage and sequestration by urban trees in the USA. Environmental Pollution, 2002, 116 381-389.

[9] XuF, Liu W H, Ren W L, Zhong Q C, Zhang G L, Wang K Y. Effects of community structure on carbon fixation of urban forests in Shanghai,
China. Chinese Journal of Ecology, 2010, 29(3) ; 439-447.

[10] Xiao Y,Liu S H,Wang G J. Carbon Storage of 4 forest ecosystem in Hunan Province. Journal of Natural Science of Hunan Normal University,
2010, 3(33): 124-128.

[11] Fang X, Tian D L, Xu C H. Productivity and Carbon Dynamics of Masson Pine Plantation. Journal of Central South Forestry University, 2003, 23
(2):11-15.

[12] Zhang G Q, Huang C D, Guo H, Deng B, Yang H F. Spatial Distribution Property of Carbon Stocks in Artificial Pine Ecosystems with Different

http ; //www. ecologica. cn



4042 A E = 324

Density. Journal of Zhejiang Forestry Science and Technology, 2007,27(6) :10-14.

[13] Wei HD,Ma X Q. Study on the carbon storage and distribution of Pinus massoniana Lamb plantation ecosystem at different growing stages. Journal
of Northwest A & F University ( Natural Science Edition) , 2007, 35(1) :171-174.

[14] Tian D L, Wang X K, Fang X, Yan W D, Ning X B, Wang G J. Carbon Storage and Spatial Distribution in Different Vegetation Restoration
Patterns in Karsts Area, Guizhou Province. SCIENTIA SILVAE SINICAE, 2011,47(9) .7-14.

[15] GaoSC, Tian D L, Yan W D, Fang X, Xiang W H, Liang X C. Characteristics of soil physicochemical property and its carhon storage in urban
forest plantation of Changsha city. Journal of Central South University of Forestry & Technology, 2010, 30(9) :16-22.

[16] Huang Y, FengZ W, Wang S L, Feng Z Z, Zhang H X, Xu Y R. C and N stocks under three plantation forest ecosystems of Chinese-fir, Michelia
macclurei and their mixture. Acta Ecologica Sinica,2005,25(12) :3146-3154.

[17] Tang X, Huang C D, Zhang J, Ning Y C. An Analysis of the Carbon Content Rate in Main Coniferous Species in Sichuan. Journal of Sichuan
Forestry Science and Technology, 2007, 28(2) :20-23.

[18] Huang C D, Zhang J, Yang W Q, Zhang G Q, Wang Y J. Spatial distribution characteristics of forest soil organic carbon stock in Sichuan
Province. Acta Ecologica Sinica,2009, 20(3) :1217-1225.

[19] Baties N H. Total carbon and nitrogen in the soils of the world Europ J Soil Sci, 1966, 47 151-163.

[20] Kang B, Liu S R, Zhang G J, Chang J] G, Wen Y G, Ma J M, Hao W F. Carbon accumulation and distribution in Pinus massoniana and
Cunninghamia lanceolata mixed forest ecosystem in Daqingshan, Guangxi of China. Acta Ecologica Sinica,2006,26(5) :1320-1329.

SE

[2] AER FRE, SR, REFZHEMES RGBT, Y455, 2000, 24(5) :518-522.

[3] XEAE, MR, xRS R 2R simk. 4225254k ,2000, 20(5) :733-740.

(6] BREE, dok, BEMEE, SETE. AR IRT BRARAR SR 5 A RO G R AL 28540, 2009, 29(9) : 4865-4874.

(9] &, XA, (E3C3, fUR SR, SKEETE, TITiE. IR ARARIE TR 45 XS BB RE T AR, A= 35222%0K, 2010, 29(3) :439-447.

[10]  H3e XIEA FOLE. Bim 4 FARMES REMICIIRENT s, WIRE TG40 F AR, 2010, 3(33) : 124-128.

[11] J7Mi, [ORAE AT M. B RAR N TARA - SRRE SIAS. FRpRazBe 441t ,2003,23(2) :11- 15.

[12]  SREBR, BONGE S, XB% A RIS, A6 2% B 5 R A N TR AR 25 R Geie it i 25 ) 3 A AR Jm. WVTARL AR ,2007,27(6) :10-14.

[13] RHER, DFIK. NEEE B SR THES RGBS, THACRMBHE A=W ( ASRFFAM) ,2007, 35(1) :171-174.

(147 HKAE, EHIL, I, B3CH, The , FEOCA. W TR XA [ 4B 9 R S B AR A 25 R Gl fift i S s (] 43 A, Mol Bb24,2011,47
(9):7-14.

[15] o, FRAE =) SO, 5 0, T SC Ak, B/ R0 3T bk 0 S 3 A 1 5 B e b AR, b B MR BB 2 231k, 2010, 30(9)
16-22.

[16] ¥ M5 VL TBIR G BRELE TR, 2R KT OHIR SRS R S8 C N i, AR 252412 ,2005,25(12) :3146-3154.

(171 JEW BN, sk, T, U SRS iR R S SR E S Hr. U ARk B 2007, 28(2) :20-23.

(18] BN iefe A7 8, TREI DR, EACZE. WU ARAR L3 DLRS A i (1 25 [ A3 TR ARAE. RS 4,2009, 20(3) :1217-1225.

[20]  BEVK, XIHHZR, 3k % w ROt , S ST, 1 PE R WL M B AL RIS A S R R R BRI ICRAE. AR

#%,2006,26(5) :1320-1329.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol. 32 ,No. 13 July,2012( Semimonthly )
CONTENTS

Responses of sandy beach nematodes to oxygen deficiency: microcosm experiments «+-«-+--- HUA Er, LI Jia, DONG Jie, et al (3975)
Allometric relationship between mean component biomass and density during the course of self-thinning for Fagopyrum esculentum
POPULAHONS  +++++everereressssiiiiiitiiir ittt LI Lei, ZHOU Daowei, SHENG Lianxi (3987)
Automatic site selection of sight-seeing route in ecotourism destinations based on landscape perception sensitivity «:«eeeeeeeeeeeeeeceeees
........................................................................................................................ LI Jifeng, LI Renjie (3998)
Emergy evaluation for sustainability of Biogas-linked agriculture ecosystem: a case study of Gongcheng county «-e-eeeeeeeeieeneeaennn.

................................................................................................ YANG Jin, CHEN Bin, LIU Gengyuan (4007)
Spatial heterogeneity of vegetation coverage and its temporal dynamics in desert steppe, Inner Mongolia ««+teveeerereeerreeaiiiiiniiinn.
................................................................................. YAN Liang, ZHOU Guangsheng,ZHANG Feng, et al (4017)

Soil conservation value flow processes of two typical grasslands ««-«-eeeeeeeeeneeeeiiaenns PEI Sha,XIE Gaodi, LI Shimei,et al (4025)
Spatial distribution of carbon storage in a 13-year-old Pinus massoniana forest ecosystem in Changsha City, China = «-e-eeeereeeeeeennes
....................................................................................... WU Tao, PENG Chonghua, TIAN Dalun, et al (4034)
Colonization rate and diversity of AM fungi in the rhizosphere of seven medicinal plants in Xiamen ««««tceeeeeeeeeeeeiiaiaiiiii..
............................................................................................................ JIANG Pan, WANG Mingyuan (4043)

Effects of Cd,Low Concentration Pb/Cd on the contents of phenolic acid and simple glucides exudating from winter wheat seedlings
root and the relationship between them and rhizosphere soil microbial activity = «osseeeeeerereeerimernii
............................................................................................. JIA Xia, DONG Suiming, ZHOU Chunjuan (4052)
The community structure of laccase-like multicopper oxidase-producing bacteria in soil of Liangshui Nature Reserve «eeeceeeeeeeeeeeeeee.
............................................................................................. ZHAO Dan, GU Huigi, CUI Daizong, et al (4062)
Effects of soil rhizosphere microbial community and soil factors on arbuscular mycorrhizal fungi in different salinized soils «++++-eeee-e-
............................................................................................. LU Xinping, DU Qian, YAN Yongli, et al (4071)

The effects of inoculation with phosphate solubilizing bacteria Bacillus megaterium C4 in the AM fungal hyphosphere on soil organic

phosphorus mineralization and plant uptake — «-eeeeeerereereeieiaiiiin, ZHANG Lin, DING Xiaodong, WANG Fei, et al (4079)
Soil carbon, nitrogen and phosphorus ecological stoichiometry of Phragmites australis wetlands in different reaches in Minjiang
RIVET @SHUALY  +veeeereresesssmsmmmmmmninnnetes st WANG Weiqi, WANG Chun, ZENG Congsheng, et al (4087)

Dynamics of soil microbial biomass during early fine roots decomposition of three species in alpine region ««+-eseeeeeeeeeeeeneiaiean..
.................................................................................... WU Zhichao, WU Fuzhong, YANG Wangin, et al (4094)
Effects of simulated precipitation on apparent carbon flux of biologically crusted soils in the Gurbantunggut Desert in Xinjiang,

NOFEhWESEEIT CRINA  + v+ eeerrerenerrnenmmenensmnenruneneseenenemieneremensmnenensenens WU Lin, SU Yangui, ZHANG Yuanming (4103)
Changes in photosynthetic properties, ultrastructure and root vigor of Dendrobium candidum tissue culture seedlings during
transplantation  «+++eeeeererereee s PU Xiaozhen, YIN Chunying, ZHOU Xiaobo, et al (4114)

Analysis of dry matter accumulation and translocation for winter wheat cultivars with different yields on dryland -«-«-eeeeeeeeeeeeennne.

.......................................................................................... ZHOU Ling, WANG Zhaohui, LI Fucui, et al (4123)

Impact evaluation of low temperature to yields of maize in Northeast China based on crop growth model «--«-eeeererereemeeeiiiee.e.
.............................................................................. ZHANG Jianping, WANG Chunyi, ZHAO Yanxia,et al (4132)
Spatiotemporal variations in the reference crop evapotranspiration on the Loess Plateau during 1961—2009  «-+-e-e-e-e- LI Zhi (4139)

Eco-physiological responses of Phragmites australis to different water-salt conditions in Momoge Wetland =~ «+-+eveeeereeeeeieeniiieiin.e.

........................................................................... DENG Chunnuan, ZHANG Guangxin, LI Hongyan, et al (4146)

Comparative study of different earthworm sampling methods ~«-+-+v+-2--- FAN Rugin, ZHANG Xiaoping, LIANG Aizhen, et al (4154)
Geographic variation in longevity and fecundity of the Asian corn borer, Ostrinia furnacalis Guenée ( Lepidoptera: Crambidae)«--+----+
................................................................................. TU Xiaoyun,CHEN Yuansheng, XIA Qinwen, et al (4160)

Analysis on grasshopper spatial heterogeneity and pattern of natural grass in upper reaches of Heihe +e-evereeereeeiieeniiiiiiii...

.................................................................................... ZHAO Chengzhang, LI Lili, WANG Dawei, et al (4166)

Inhibition effects of ethyl acetate extracts of Momordica charantia leaves on the experimental population of Spodoptera litura «--+--+----
............................................................................................. LOU Ying, LING Bing, XIE Jiefeng, et al (4173)
Feeding habits of Lateolabrax maculatus in Yangtze River estuary ------ HONG Qiaoqgiao, ZHUANG Ping, YANG Gang, et al (4181)
Genetic structure of Gymnodiptychus pachycheilus from the upper reaches of the Yellow River as inferred from mtDNA control
FEGIOM +++reesssrsnreeetitiie e ettt e e SU Junhu, ZHANG Yanping, LOU Zhongyu, et al (4191)
Toxicity mechanism of Cadmium-induced reactive oxygen species and protein oxidation in testes of the frog Rana nigromaculata ------
...................................................................................................... CAO Hui, SHI Cailei, JIA Xiuying (4199)
The diversity of scarab beetles in grassland cattle dung from North China «ccecceeeereereimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiieieianens
.................................................................................... FAN Sanlong, FANG Hong, GAO Chuanbu, et al (4207)
Spatial relationships among Empoasca vitis ( Gothe) and Toxoptera aurantii (Boyer) and natural enemies in tea gardens of autumn-
winter season in Hefei suburban = -«+evveeeeeeeriiiiiiiiii YANG Lin, GUO Hua, BI Shoudong, et al (4215)
Effects of vegetation, elevation and human disturbance on the distribution of large- and medium-sized wildlife: a case study in
Jiuzhaigou Nature Reserve «eoeeeeeeeeeereiiiiiiiiiiiiiiiii, ZHANG Yue, LEI Kaiming, ZHANG Yuke, et al (4228)
Research of typical EIPs based on the social network analysis «eeeeeeeereeeeeeeimiiiiiii.. YANG Lihua, TONG Lianjun (4236)
Exergy-based life cycle accounting of household biogas system: a case study of Gongcheng, Guangxi ««+«+ereeerreeereeeniieaiiiii.e.

................................................................................................... QI Jing, CHEN Bin, DAI Jing, et al (4246)
Review and Monograph
The effects of changes in hydrological regimes and salinity on wetland vegetation: a review «-eeeceeeeececeee. ZHANG Guangxin (4254)
Advances in research on the seed bank of a saline-alkali meadow in the Songnen Plain = «eererererereeaiiiiiiiiiiii.,
.............................................................................. MA Hongyuan, LIANG Zhengwei, LU Bingsheng, et al (4261)
A new landscape expansion index: definition and quantification — =+-s-eeeeeeeerenaees WU Pengfei, ZHOU Demin, GONG Huili (4270)
Scientific Note
Response of photosynthetic characteristics of Psathyrostachys huashanica Keng to drought stress «e--eseeeeeeeeemieieiiiiin.
....................................................................................... LI Qian, WANG Ming, WANG Wenwen, et alg (4278)
The antifouling activities of Callyspongia sponge exiracts —««+es-eseeereeeeceaens CAO Wenhao, YAN Tao, LIU Yonghong,et al (4285)



(EBZ|RY2012 F£4EITRE

(AR B B A A2 B A ARBR e AR T, 1T 1981 4F, F2 2RI A= A if
B BT PE R R | 40 WD R B R AR A 252 K JR 7 1) B (I8 75 S P SO 5 P AT 41 AR 25 2 BEE 7
T AN G BB R BT ROT R =0 4 5F

(A2

)y k2 A, K 16 FF4,280 1T, B N E M 70 Jo/ M, e4F 2 B 1680 T,

R & A .82-7  EISMIR R AL :M670  ARiETI*S . ISSN 1000-0933  CN 11-2031/Q
2[5 MR SRy X PTOT B, A AT e S G I R 3K, W KRB AR BB | & S5 Be A 1B

TEAEITI

B 100085 JL R IE X XGEH 18 5 H

E-mail; shengtaixuebao@ rcees. ac. c¢n

WEMEME Ll

A
I

(010)62941099 ; 62843362

www. ecologica. cn

HITHRE XIKRE Bl ¥

2

3_!\_‘

Ji

5 & % W ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO) Semimonthly Started in 1981
CEAT 1981 453 A 81T ('Semimonthly, Started in )
32 BI13H (20124E7 A) Vol. 32 No. 13 (July, 2012)
9 35 <§5i§%*&>gﬁiﬁﬁﬁ Edited by Editorial board of

H
SHIR &

ol

iT M
E & 1T

ERE

WA

Hiuhil ; AL 5O VE X AU B 18 5
MR L 4 5 - 100085

B35 (010)62941099

www. ecologica. cn
shengtaixuebao@ rcees. ac. cn
NS

hEB AR D2

h E R B SRR L
Hiuhik AL HOEEVE X AUE % 18 5
S X 4 5 - 100085

4 4 2 K a
Motk - AL RURE AR AT 16 5
I B 2B : 1R00717
JEITALARER R

4 4 2 K a
ik AR B HARILE 16 5

I L 2% - 100717

LI : (010) 64034563

E-mail ; journal @ cspg. net

4 [ 45 HiL HI )

o [ PR 1B 5 5 2 A )
ik - b wt 399 {546

MR w65 - 100044

AU TR 75 8013 %5

Editor-in-chief
Supervised by
Sponsored by

Published by

Printed by

Distributed by

Domestic
Foreign

ACTA ECOLOGICA SINICA

Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Tel: (010)62941099

www. ecologica. cn

Shengtaixuebao@ rcees. ac. cn

FENG Zong-Wei

China Association for Science and Technology

Ecological Society of China

Research Center for Eco-environmental Sciences, CAS
Add:18,Shuangqing Street, Haidian , Beijing 100085 , China
Science Press

Add:16 Donghuangchenggen North Street,

Beijing 100717, China

Beijing Bei Lin Printing House,

Beijing 100083, China A

o o N M——
Science Press [ ——————
Add:16 Donghuangchenggen North g

Street, Beijing 100717 , China |
Tel: (010)64034563 S =
E-mail ; journal @ cspg. net o =
All Local Post Offices in China ‘;

China International Book Trading (%]

] ) ) —
Corporation -

Add:P. O. Box 399 Beijing 100044 , China

9771000093125

ISSN 1000-0933

ERMAFRIT

CN 11-2031/Q

ERNEEZRS 82-7

E LTS M670

EM 70.00 T



	01.pdf
	fm.pdf
	zml.pdf

	stxb201202270261.pdf
	03.pdf
	yml.pdf
	13fd.pdf


