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B, FERI Y ORI S R AL N, Rk R A M pH I R IR, RIER LTS R
PR R W EARC, § IR T R B EH AR, b, TEEaPLIR & BRI R B 1 ,0—50 em N TSR HLER & =
M 5.59 kg/m* BEINF] 12. 64 kg/m’ | 1A R EHEH 0.31 kg/m’,

SRR NIRRT s -3 Lo s URYT.

Dynamics of soil physical-chemical properties and organic carbon content along

a restoration chronosequence in Pinus tabulaeformis plantations

HU Huifeng"*, LIU Guohua'* *
1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China

2 School of Agricultural, Forest, and Environmental Sciences, Clemson University, Clemson, 29634, USA

Abstract ; Soils are the largest carbon pool in the world and contain two to three times as much as carbon as either terrestrial
vegetation or the atmosphere. Therefore, even a slight change in the soil carbon stock could have a major impact on global
terrestrial carbon cycling. Afforestation and reforestation are widely recognized as cost-effective methods to mitigate global
warming caused by rising atmospheric carbon dioxide (CO,) concentrations through sequestrating CO, in the atmosphere
into vegetation biomass and soil organic matter.

Based on the chronosequence of Pinus tabulaeformis (PT) plantations (12, 18, 25, and 35 years old) located at the
Dagou catchment in a dry valley region of the upper Minjing River, Southwestern China, we investigated the dynamics of
soil physical-chemical properties and soil organic carbon content following restoration. Using these data, we examined the
correlated relationships between soil organic matter and soil physical properties and among soil physical properties. The
results show that soil quality was significantly improved along the restoration chronosequence, with the improvement in soil
quality attributed to significant increases in soil clay content, soil surface area, and soil organic matter, as well as
significant decreases in soil silt content and soil pH. Soil organic matter was significantly, positively correlated with soil clay
content and soil surface area but significantly, negatively correlated with soil bulk density. Soil surface area was

significantly, positively correlated with soil clay content and negatively correlated with soil silt content. Soil organic carbon
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content also significantly increased along the restoration chronosequence (from 5.59 kg/m” in PTI2 to 12. 64 kg/m’ in
PT35 at 0—50 cm depth). However, the annual soil carbon sequestration rate ranged from an initial rate of 0. 05 kg/m’

(PT12—PTI18) to late 0.36 kg/m’( PT25—PT35) , with the mean of 0. 31 kg/m’.
Key Words: Pinus tabulaeformis plantations; soil physical-chemical properties; soil organic carbon; Minjiang

TIPSR Rl A A R G IR R AR , £ BRZIA 1500 Pg C(0—100 em P51 Pg = 10° g) LAA HLTIE 277
TETF 4 R R 22 il A AR I (500—600 Pg C) [ 3 5 RABRI (750 Pg C) 2 £ Mt
AT BB R R B NAE A, #823XT A BRBRAE A0 5 17 7 A B2 T R, R R AR | PR AR
BT Bl AR AR S R GERI BRI A BRI DORE A R0 T Rl S R Z Rl R sS4 w8 TR IR €O,
R A IR %= SR A HERL , A AR — Bl 2% BR8N B i s Rl Vg S I Ak
G B R SR 2 5 3300 A BEAE AR T ARRR 523 ] DIAT R0 T3 A L) R 3R 40 TG 5 1Y
IELE Ty T AT LR R IR ORAEAE ) I SRS RS S R DI RE , R R A f R R DT IR B B Y
Mo EREE 38 ) A AR B T 55— AT DA AR AR S R G B Thae Y AR S H i A
FEMRVT b N T MR S i A v L A Jo % - 30 BB 1% 1 7R RRAE , — D7 TGy 3RAT TR AR AR K 52
AR AR S SRR B HIHLEE 8 R A AR S PR A VR S R i A R A PR SR O — T O PR A DX
RS RGN BRI DR BB 34 .

1 #R57EE
1.1 BRI

EPAMIFFE AL TR i RVA i s——rh B2 B e L L AR 25 R G E (Pt (31°427 N, 103°54 'K iff
PR 1826 m) ufiIX , I IX AR L M IR AU AR H BRI 2 1378 8 h 4F H BE 0% 31% ; 4E 4% 9.3 °C,
e iy e e Al 30. 9 C AU BRI ~13. 5 °C 5@ A 1 AP -0.9 °C i 7 A0 PR 18.6
C, =10 CHAMMURL 954. 1 °C, LW 215 d; 4FFEFT I 825.2 mm, 4FZE & i 968. 7 mm, 4F- XA I B2
81. 1% %' iz H A + B AEE + | BEA 2 A A BT T HCE SRBBU, By oA a4
AR TR LA SR BRI AR AR, AR 43 A AR Ak Lk A E A |
B H RIS, N2 T B A A S I AR s i 55 , S PR AL R BN KT e Ve S AR RE R B A
SV K BRI N P E A X2 —  H 24 T Y a2 3 & R T A RGE 1E Y A IR BT IR
SRS AN BB AR, A 20 4D 60 ARARLIOK , It — Hd i N s AR s i 52 24 A 9t , By i PR 58
IB1L, HETARMAES A 60 402 90 AEAREEA R AR T 1 A THFA R ( Pinus tabulaeformis ; PF) \ ZAZHK ( Picea
asperata) LA} H RVK S A A -1 ZR AR ( Quercus wutaishanica ) At W TR S PRI R A HE P\ 55 N 3 R4f,

1.2 FEbidE

SR IR ] P390 52 , DA s TR N 1), 0 58 B AE 25l B 30 328 A T3 AR DA, 43 ) 6458 4 S [k 2 33
AN TAMARARAEE L (PTI2(12a) (PT18(18a) \PT25(25a) \PT35(35a) ) fENIKE RIIMBFFEX R, Hp, AT
TRAL PR AR SR P AR S BB 4 T 200 5 AR A DR N 46— 10 mx 10 m AYRAEDT 7R H b k4% 10 £
PRAEA, FHAE RS B TE AR AR Bl IROACES | 3 3 KR 5 10 D7 125050 S B AR RO PRI | B i IBCF- 281 DR A s R b 1Y
PRIZ I HAR R A NS0 455 - MO B B IR IR WSRE Merm) A7 ; ] i o 2 1 AR O i A et iR S T e B
B REARRIE (32 1) o MR BV ARY AP A IR H 35757 ( Rosa omeiensis) | FEkg T ( Qstryopsis davidiana) , I T HH
Ki ¥ ( Lespedeza formosa) 55 ; EEFARY A LM B H( Carex capilliformis) , B (Viola collina) 55
1.3 3RS RSB

7E 10 mx10 m B RHFETT BEHLIEI 2 AR A5, SR 02 2 SR IR i AT . TR A HRORE i DU
0—15 c¢m,15—30 em,30—50 cm b+ 2B, FHARAEFR TT (100 em® ) BURE AR5 H348 T) N H487E 105 C (£D
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24 h) R FHET RAEE PRI RS KOR A LI, R AR A R 2 R F AR
T, 02 mm EARBGE L PR A P RORAEAR T, [FRAR KT 2 mm BYRPBREY T dE 2D AR 2 O
ez ( FEOERAR S HEIY) ) IS Rk B R4 D7 [ — 22 0 AR I ok R, — 343
F Y B PRI R , — 3043 FH 3 AL (S100, Retsch Co. , Germany) $f 340, 254022 5256 43 B
B

F1 ATk ERER

Table 1 Plot characteristics of Pinus tabulaeformis plantations

e : s TRy W T Hyhi s .
BEHLIG 2 '*fx‘ W SRR iyt F ,ﬂ:TI.J R R
Altitude Slope Average age DBH Average height Crown
Plot ID HLB/m
/m /(°) /a /cm /m /(mxm)

PT12 1785 25 12 8.8 5.7 2.3x2.6 1.3
PTI8 1783 22 18 8.2 7.5 2.8x2.4 1.1
PT25 1991 10 25 15.5 13.4 2.9%2.7 4.2
PT35 2131 15 35 23 16.5 3.7x3.5 5.3

PT12, PTI8, PT25, PT35 -ilft# 12,18 ,25a F1 35a (A T iliFApk

B S R ] - S A S 1 AR AR S BT iR AT A s R E AL B SR bR
HEFR T (100 em® ) BURE AT 1% (B T HELL T 2. 65 g/cm’ ) AE 5 -39 pH (B % P9 A 4 pH 3 ( Delta320)
(1:2.5 W) K b ) 0 5 5 - 338 Jo s A 4 358 b 5% il AR FH 306 R B 43 BT 4% ( Mastersizer 2000, Malvern
Instruments Co. , UK) {D“J%,i%ﬁﬂ)ﬁé‘%ﬂ%i%@i%ﬁﬂ{m{%‘ﬁbﬂﬂﬁi@%{ﬂﬂﬁ—f20 s BHEA PR S = ( kg/mz) P
L2 E e = R/ (T

SOC(kg/m*) = Y. D, xp, x 0C, x (1 = C,)/100
i=1

K, SOC g HHEA MR it (kg/m®) ,n g HHERIHT)JZEL, D, o H3E5E | BREEE (em) ,p, N5 i ZH+
AR E (g/em’) ,C, N5 R T HAKRT 2 mm MRS (% ) ,0C, N5 i JZ2 A MR (e/ke) o
1.4 Bk mgeit b

AT LA K PR R 2 7 224307 (Analysis of variance; ANOVA)FE SAS 9.1 (SAS Institute Inc. , USA) H1 5%
B, B PRI R Fisher’s LSD (P<0.05) #:46,
2 BER55H
2.1 iR

t 2% 2 0] UL PRI BB 0—15 em H3E20 5, Uil a2 19 H 3 BRAL IR AR A AE B 22 5, Horp -4
Lt 2 TR AR RN - SR R 2 B YR A R BE S W, PT12 88 LR AR S 2N T PT18, PT25 1 PT35, PTI2 il
PT18 +3eAh ki & & /NT PT25 Al PT35, 5 PT12 Ak, PT35 &8 hin 1 A 3wb ki g U & 2, W 1
%7 3k S R pH(E ;X AN R S BB 15—30 em 32105, Bl iE iYL Fe brii 3 Emb b &
Hb IR 22 5 e rp M L SR ET R ORI A T P 2 B S 0, P12 3 bb e i AR A 2
/NF PT35, PTI12 F1 PT18 3Rk &4 /N T PT25 F PT35, 31 H PT25 ki &t & /T PT35,
5 PTI12 AL, PT35 WG T HHEA LB & &, W RN T 50k & &R pH {8 ; X AN [ & B Be 30—50
em HHEZTT i i) e LA pr bR 1 A, RIRFLBR A, o HR R ISR A e 5 25 5 Hoh 3 1
2 TRTARURN - 330K S SR IE YIS 06 B W4 I, PT12 0 PT18 3 Lb R 1w AR 5 3% /N T PT35, PTI2 1 PT18
Rk i /N F PT2S M1 PT35S, 3 H PT25 L HERR & &b B /N F PT35, 5 PT12 AL, PT35 B 3%
BTN T IR RN AT BT S, R T R S R A pH (E,

I BT ARG/ T R (3R 3) , TR PLET S LAk, TR b R AR W EADC 5 A E
FRASC, TEATINE i) T3 s b b | 3 LR AR ORI T IE AR OG5 R 2 TR G ; 14
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KAL) PR 28 DO SC , 15 R 0 38 TEAR G ; R I 15 e 2 35 TR O

F2 AImitikEdEd tEBEAERAOTL
Table 2 Dynamics of soil physic-chemical properties along the restoration chronosequence in Pinus tabulaeformis plantations
"~ 3 b -
EHIRTR R vk PH AL

. 0.05— 2— .
Soil surface (<0.002mm) 0(002 ) 0 (()5 ) +3% pH Soil organic
. 002mm . 05mm

LIEAE L3ELBE

it S =y
PRI AR Bulk density  Soil porosity

Forest type  Soil depth /(g/em’) J(%) p a:;d/ . Lla/y(;;x;wle Silt /p:;unide San d/l;‘zmide Soil pH /En:/tf;)
PT12 0—15 cm 1.17 a 55.98 b 0.67 b 0.44 b 96.72 a 2.8 ¢ 6.36 a 22.07 d
PT18 0.68 b 74.38 a 0.81 a 1.13 b 95.14 a 3.74 be 5.48 b 44.64 b
PT25 1.02 ab 61.51 ab 0.82 a 2.75 a 90.68 b 6.58 a 5.05¢ 39.50 ¢
PT35 0.95 ab 64.02 ab 0.86 a 3.09 a 91.47 b 5.44 ab 5.47b 60.82 a
PT12 15—30 c¢m 1.28 ab 51.81 ab 0.72 b 0.87 ¢ 94.51 a 4.63 a 6.28 a 17.18 ¢
PT18 0.89 b 66.47 a 0.77 ab 1.07 ¢ 94.94 a 3.99 a 4.81d 22.86 b
PT25 1.33 a 49.77 b 0.78 ab 2.11b 92.89 b 5.01 a 4.99 ¢ 19.71 be
PT35 1.03 ab 61.25 ab 0.87 a 2.61 a 92.67 b 4.72 a 5.86 b 40.98 a
PT12 30—50 ¢m 1.37 a 48.45 a 0.67 b 0.53 ¢ 95.82 a 3.65 b 6.88 a 12.89 ¢
PT18 1.30 a 51.09 a 0.74 b 0.82 ¢ 96.17 a 3.02 b 5.23 ¢ 12.00 ¢
PT25 1.55 a 41.60 a 0.75 ab 1.78 b 92.40 b 5.82 a 5.19d 15.16 b
PT35 1.19 a 55.17 a 0.82a 3.00 a 91.13 b 5.87 a 5.94 b 28.53 a

[l — 2 U A A R/ NE AR R 2258 .35 (Fisher’s LSD ki, P<0.05)

®3 ALmmMTEEBELEROEXSH

Table 3 Correlation analysis with soil physic-chemical properties in Pinus tabulaeformis plantations

o RMHEWR R ki ok FHATHLR
A o (0.05— i i
. Soil surface (<0.002mm) (2—0.05mm) Soil organic
Bulk density . 0.002mm) .
/(g/em®) area Clay particle Silt article Sand particle matter
/( w?/g) /(%) ’ /(%) /(&/kg)
/(%)
132 TE Bulk density/ (g/cm®) 1.000
4 F M Soil surface area/( m%/g) -0.254 1.000
HEBE(<0.002mm) Clay particle/% 0.085 0.820 *** 1.000
bz (0.05——0.002mm) Silt particle/% -0.177 —-0.569 ** -0.874*** 1.000
fPHL(2—0.05mm) Sand particle/% 0.208 0.379 0.719 """ -0.966 *** 1.000
+HEAAHLBT Soil organic matter/ ( g/kg) -0.697 ** 0.545* 0.443 " -0.388 0.319 1.000

Pearson FFE04: % P < 0.05; * % P <0.01; = % % P <0.001

2.2 hIEAPRE R

T AT LUE U IR BB EE ,0—50 em (9 +50A LK & 2 5t W a4, A PFI12 19 5. 59 kg/m® 3%
HNE) PF18 79 5.91 kg/m*(6% ) ,PF25 1) 8.40 kg/m>(50% ) , K PF35 1) 12. 64 kg/m*(126% ) , ¥-14) 44F 1%
h0.31 keg/m?, A AT HURRAER S ik A8 v 22 L0 0 k1 A0 1) 2 35, DASse ) 1) ~F- X9 B AR 14 M 0. 05 kg/m?
(PF12—PF18) , ¥ 2] sh 1% 0. 36 kg/m*( PF18—PF25) , U K J5 i1 0. 42 kg/m*( PF25—PF35)
3 SZit5itie
3.1 MBS AR A SRR A B ) AR R A

T ILE R I R LR - HRE T B R R IR E W — A AR BB RS Rk
[EAFZEAH B A EAE IR, AESOE AR 2R 0 W AR A 1] - 682408 C N 52 - 8EE ML A, A
717 Ak 5 ) e AR R BRI T > 3 e R A A R A e R R A TR G AR AL R, DA B
ERE Jy | S ETR AR 8 s AR A R v - BEAE T A AR HILR , AT DL BRARAE R FR G T A A SR R
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FHIR LS ARIE > W97 45 S F W 4 S B AL M T Bt
TR 52 B — s R AR, o 38 L 3 i A7
A SRR E SR O IR USRS TEAN A Y
T HE)ZE T, 4 R AR L R R A R P R
Ry IO =P R ¢ o <o N i w9 =% = B U N T
o WAk, SYKE R L, YK 2 5 ] 3R & B
1358 pH (AR W2 AR, T R IEA HLB S B2 R
o, R s AR R AR AR, A ML e
5 ey R W UG X IR AL S 1 4 WSt ] Time/a
VISR YIRS, —REATPUT SRR, PRSI g o o pe ) itk 0—stem tmmman
2, LIRSS, LB REROR B TEREBAF . £ fgt 0—s0 em Soil organic carbon content of Pinus
BEREMAL S BHEAYURS TR S B W EIE  abulaeformis plantations along the restoration chronosequence *
A, FEIEN N HIEANER I 24 BT TR0 ARVNG FREGEIE 3R 22 5 3 (Fisher's LSD K%, P<0.05)
RG0S i ARz e - 49 [0 5 R RS 9 O
RIYREST, B JoT ) TR AR K, - B W i 5% 40 A e ) i, - ST gty i DA 3 =2 ) 2 B 0 3 AR A OG
M AN Uk Y 22 /0 o 4% R e 1 PR ot i+ ISR T AR 1Y 22 /0 AH OG0 B AR B - 8 LU 3 T AR 3 TR AR OC
5 geRihi & i J R E TS LR S i, AP o B SR AE (R — Hb X A SR A R R B AR KA
TR, LK R Y A Y C N WA SR RE BE BB i 7 AR BT LR [RI RS B T R
KRR I [RIRE A B - Bl 5 R AN JORARTE 7 0 1 JR 0, 13y B R A B k3, I dli/ ), 1+
BEBE e ASE T RE ) KR IR e AR Re AR B, HIEEA AL 4 N AL K T ESR iR i
1 AT 7t 2 N TR AT DAY AR AR Ak e A PR R4 - e Ae oy 7>
3.2 MBS AR R LK R AR i R

R 5 T A5 500K 22 b IX 4 A 25 Ak it i X RS 41 | 55— 7 TRLR) AR 00 8 56 A VR FE RN - S84 B
ME R E TR CO,, A B TEMAEBRAIRERLN &' LEARBFT A, SR ) 80 ik 560 T IR
VLB U N AR S ik B b+ A DL A 8284k . 45 R 3R] 0—50em I HLAR & B UT I B0 i 5 1
F BB S PR AERR R AR 0. 31 kg/m® [ ANSNEITF 2B FE A RABIESE T IX AR ATE
FELO10235] BN, Zerva S5 R BUBTHEAK 24 12 20 30a AR 242 N TARKE LA HLBR & 5 43 512 14 (18,1
24.9 kg/m’ EHJAEPREBGE A 0. 57 kg/m* >,

B e o S 2 S M RV DT S | A R R R R R ST B )RR TR AR 2 R R R 10
I A4 BR A MRFN N T ARG - 307 4 4 PR B B RS2 33,8 o/m™ ™ 130 g/m™™® | WFSE 45 SR 2000 g i T 4o Bk
BFEAME B 53T 7B B b DX R A RO AR + 38 8 64 > . Lugo F1 Sanchez 158 &K 3, #4af7
W 2L X FEHE 100—300a AR A= AR A - HE FE i 3 R 5 15 0. 08—0. 40 kg/m*™" ; Brown il Lugo tL &K,
Bk S50a AW AR AR N TARSO0 em P BB RS R 0. 31 kg/m® ™ W 1 4 AR, 25X X
I b A A 1A e, L HEAR AR , MBI S - S R R IRV B WR ARG R T AR S R SRk
K EGRE, IEAE R , B — B 6 e, R IE ik S s [m] A DRt [ e ol R e v . 1R 22
5 2% W] - 98 1 o 23 2 O A2 o ) AR TG I e 32400 Bl Silver 4538 58 43 BT SCTR W), R BLAE A
R B A EEARE ,0—25 em -4 100a N34 PRl i 2R 41 g/m®  HZTT 20a P 1F-34F
I [ A S5 U 238 130 @/m™ 7 S BIL A 1k 8 R A AR BT 90 RUBE P, T80 B o A s ) 1 e % T o
Wi, ST AL T S I i a4, A BSc) ) P X B4R 0. 05 kg/m? | $2 = B 9119 0. 36 kg/m?* , ABUR Y
0.42 kg/m*, —J7 1Hi2e I - 3EEERT I st T LISk + S84 ALa 1) SRR, o5 — J7 il Ui B T R YT 0N T
WAMTERE AR 350 Z J5 T30 HATRKA BRI T

—_ —_ —_
S (=} ) A~
T T T 1

0—S0cm AT HUBR &/ (kg /m?)
0—50cm soil organic carbon content
)}
o
(e}
2

I

J—
(=)

http ; //www. ecologica. cn



4 34

W A5 N TSR S i 8 v b S PR o e AT B 25 ek ) 28 fRFAIE 1217

References :

[4]

[5]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

Dixon R K, Solomon A M, Brown S, Houghton R A, Trexler M C, Wisniewski J. Carbon pools and flux of global forest ecosystems. Science,
1994, 263(5144) . 185-190.

Batjes N H. Total carbon and nitrogen in the soils of the world. European Journal of Soil Science, 1996, 47(2) : 151-163.

Jobbagy E G, Jackson R B. The vertical distribution of soil organic carbon and its relation to climate and vegetation. Ecological Applications,
2000, 10(2) ; 423-436.

Fantappie M, L'Abate G, Costantini E A C. The influence of climate change on the soil organic carbon content in Italy from 1961 to 2008.
Geomorphology, 2011, 135(3/4) : 343-352.

Turner J, Lambert M. Change in organic carbon in forest plantation soils in eastern Australia. Forest Ecology and Management, 2000, 133(3):
231-247.

Guo L B, Gifford R M. Soil carbon stocks and land use change: a meta analysis. Global Change Biology, 2002, 8(4) : 345-360.

Poeplau C, Don A, Vesterdal L, Leifeld J, van Wesemael B, Schumacher J, Gensior A. Temporal dynamics of soil organic carbon after land-use
change in the temperate zone-carbon response functions as a model approach. Global Change Biology, 2011, 17(7) : 2415-2427.

Bruce J P, Frome M, Haites E, Janzen H, Lal R, Paustian K. Carbon sequestration in soils. Journal of Soil and Water Conservation, 1999, 54
(1):382-389.

IPCC. The carbon cycle and atmospheric carbon dioxide // Watson R T, Noble I R, Bolin B, Ravindranath N H, Verardo D J, Dokken D J, eds.
Land Use, Land-Use Change and Forestry: A Special Report of the International Panel on Climate Change. Cambridge, UK: Cambridge University
Press, 2000 183-238.

Paul K I, Polglase P J, Nyakuengama J P, Khanna P K. Change in soil carbon following afforestation. Forest Ecology and Management, 2002,
168(1/3) : 241-257.

Laganiére J, Angers D A, Paré D. Carbon accumulation in agricultural soils after afforestation: a meta-analysis. Global Change Biology, 2010, 16
(1) 439-453.

Hu H, LiuS Q, Chen Q H, Wang C Q, Pan K W, Pang X Y. Changes of soil properties during artificial recovery of subalpine coniferous forests in
western Sichuan. Chinese Journal of Applied and Environmental Biology, 2001, 7(4) ; 308-314.

Plotnikoff M R, Bulmer C E, Schmidt M G. Soil properties and tree growth on rehabilitated forest landings in the interior cedar hemlock
biogeoclimatic zone: British Columbia. Forest Ecology and Management, 2002, 170(1/3) : 199-215.

Li Y'Y, Shao M A. Change of soil physical properties under long-term natural vegetation restoration in the Loess Plateau of China. Journal of Arid
Environments, 2006, 64 (1) : 77-96.

Wu N, Liu Q. Restoration and Rehabilitation of Degraded Mountain Ecosystem on Upper Minjiang River. Chengdu: Sichuan Scientific and
Technology Press, 2007 19-28 , 32-33.

Jiang Y M, Pang X Y, Bao W K. Soil microbial biomass and the influencing factors under Pinus tabulaeformis and Picea asperata plantations in the
upper Minjiang River. Acta Ecological Sinica, 2011, 31(3) . 801-811.

Wang C M, Bao W K, Chen J Z, Sun H, Xie J S. Profile characteristics and nutrients of dry cinnamon soils in dry valley of the upper Minjiang
River. Chinese Journal of Applied and Environmental Biology, 2003, 9(3) : 230-234.

Guo Y M, Tang Z X. Prevention and control of soil erosion in the upper reaches of the Minjiang River. Mountain Research, 1995, 13(4) .
267-272.

Lu R K. Analytical Methods of Soil Agrochemistry. Beijing: Chinese Agriculture Science and Technology Press, 1999.

Bao S D. Analysis of Soil Agrochemistry. 3rd ed. Beijing: Chinese Agriculture Press, 2000 14-38.

Wu H B, Guo Z T, Peng C H. Land use induced changes of organic carbon storage in soils of China. Global Change Biology, 2003, 9(3):
305-315.

Rutigliano F A, Ascoli R D, De Santo A V. Soil microbial metabolism and nutrient status in a Mediterranean area as affected by plant cover. Soil
Biology and Biochemistry, 2004, 36(11) . 1719-1729.

LiuZF, Liu GH, FuBJ, Hu HF, Zheng X X, Wu Y Q. Dynamics of soil microbial biomass C, N along restoration chronosequences in pine
plantations. Acta Ecological Sinica, 2007, 27(3): 1011-1018.

You X H. Dynamics of soil physical and chemical properties in different succession stages of Pinus massoniana natural forests. Journal of Fujian
College of Forestry, 2005, 25(2) : 121-124.

Pang X Y, Liu SQ, Liu Q, Wu Y, Lin B, He H, Zhang Z J. Influence of plant community succession on soil physical properties during subalpine
coniferous plantation rehabilitation in western Sichuan. Journal of Soil and Water Conservation, 2003, 17(4) ; 42-45, 50-50.

Arunachalam K, Arunachalam A. Effect of soil pH on nitrogen mineralization in regrowing humid subtropical forests of Meghalaya. Journal of the
Indian Society of Soil Science, 2000, 48(1) . 98-101.

Shen B G. Study on soil fertility in Quercus vqriabilis plantation with thirty-five years. Journal of Fujian College of Forestry, 2002, 22 (2) .
154-156.

LiuSL, Fu BJ, Li Y H, Chen L D, Ma K M. Assessment of soil quality in relation to land use and landscape position on slope. Acta Ecological

http ; //www. ecologica. cn



1218 A E = 334

[29]

[30]

[31]

[32]
[33]

[34]

[35]

[36]

Sinica, 2003, 23(3) : 414-420.

Zheng H, Ouyang Z Y, Wang X K, Miao H, Zhao T Q, Peng T B. Effects of forest restoration types on soil quality in red soil eroded region,
Southern China. Acta Ecological Sinica, 2004, 24(9) ; 1994-2002.

Turner D P, Koerper G J, Harmon M E, Lee J J. Carbon sequestration by forests of the United States. current status and projections to the year
2040. Tellus B, 1995, 47(1/2) ; 232-239.

Fang J Y, Chen A P, Peng C H, Zhao S Q, Ci L J. Changes in Forest Biomass Carbon Storage in China between 1949 and 1998. Science, 2001,
292(5525) : 2320v2322.

Post W M, Kwon K C. Soil carbon sequestration and land-use change: processes and potential. Global Change Biology, 2000, 6(3) ; 317v327.
Six J, Callewaert P, Lenders S, De Gryze S, Morris S J, Gregorich E G, Paul E A, Paustian K. Measuring and understanding carbon storage in
afforested soils by physical fractionation. Soil Science Society of America Journal, 2002, 66(6) : 1981v1987.

McLauchlan K K, Hobbie S E, Post W M. Conversion from agriculture to grassland builds soil organic matter on decadal timescales. Ecological
Applications, 2006, 16(1) ; 143v153.

Zerva A, Ball T, Smith K A, Mencuccini M. Soil carbon dynamics in a Sitka spruce ( Picea sitchensis ( Bong. ) Carr. ) chronosequence on a peaty
gley. Forest Ecology and Management, 2005, 205(1/3) ; 227-240.

Shi J, LiuJ Y, Gao Z Q, Cui L L. A review on the influence of afforestation on soil carbon storage. Chinese Journal of Ecology, 2005, 24(4) .
410-416.

[37] Lugo A E, Sanchez, M J, Brown S. Land use and organic carbon content of some subtropical soils. Plant and Soil, 1986, 96(2) : 185-196.

[38] Brown S, Lugo A E. Effects of forest clearing and succession on the carbon and nitrogen content of soils in Puerto Rico and US Virgin Islands.
Plant and Soil, 1990, 124(1) : 53-64.

[39] Schlesinger W H. Evidence from chronosequence studies for a low carbon-storage potential of soils. Nature, 1990, 348(6298) . 232-234.

[40] Silver W L, Ostertag R, Lugo A E. The potential for carbon sequestration through reforestation of abandoned tropical agricultural and pasture lands.
Restoration Ecology, 2000, 8(4) : 394-407.

SE 3k

[12] ik, x4, PRECIE, B84, W30, MEm. NIPE & s bk N TR E B0y L3EvE AR 4k, 1o T 5 SR BR AR W23k, 2001,
(4): 308-314.

[15] 7, XK. B A SRR S5 #—E SIRTE BRI Sk, ks . I&UIIH%&*[‘H}%&E, 2007 19-28, 32-33.

[16] VILJCM, JE% 55, fudehd. URVL e 5 o2 N TR RUE Y R Wi OSSN 3R . ARS8k, 2011, 31(3) : 801-811.

(171 EHW, W4Ehy, B, %, Hsid IIJE{Lj:(ﬁﬂﬁ$ﬂ?$l:ﬁ%j:7ﬁﬁlﬁxnﬂﬁ&?@ﬁ%ﬁ. N5 BB AE W) E 4, 2003, 9(3)
230-234.

(18]  ZBAH], Wastt. WRT Lk Lk B HBR. ILBRESE, 1995, 13(4) : 267-272.

[19] Sdndp. Lol deat. mEgOVRHL H L, 1999.

[20] kB, FHRMEH (H=R). dbnt: PR R, 2000 14-38.

(23] Hj’f% XIEAE, A, i, SR, RAED. A TR Pinus tabulacformis ) WA i3 18 v SR E Y AR Wi C N YOS ARARAE.

4R, 2007, 27(3) : 1011-1018.

[24] (/J?;,us bR FRARMO ) SRR B B L A PR B A2 1. AR AR Be Al , 2005, 25(2) : 121-124.

[25] P25, ttt4, PR, S, MR, fli, sRESER. 1 VE MR LB bk T8 A v R A VA R X S M T . K A R
2, 2003, 17(4) : 42-45, 50-50.

[27] hESt 35 AR TAREHAE I IFSE. B 244, 2002, 22(2) : 154-156.

(28] XUtHZE, fHEA, B0, BRI, Soafl. S b A 77 S S0 B x 1B as g, A4S 2AI, 2003, 23(3) : 414-420.

[29] M, BKH&GZ, ERRE, W, #XIRHE, s2EM. AN ZRARIR A S R0 B 5 0 AR 1k IX. L ik A Sl AR 2523k, 2004, 24(9)
1994-2002.

[36] %, XAT, REHE, A, A LI T, R, 2005, 24(4) ; 410-416.

http ; //www. ecologica. cn



ACTA ECOLOGICA SINICA Vol.33,No.4 February,2013( Semimonthly )
CONTENTS

Frontiers and Comprehensive Review

Concepts, processes and quantification methods of the forest water conservation at the multiple scales — «-eeeeerreerereeeiiaiiiaian..
.................................................................................... WANG Xiaoxue, SHEN Huitao, LI Xuyong, et al (1019)
Advances in the study of stable isotope composition of leaf water in plants ------ LUO Lun, YU Wusheng, WAN Shimin, et al (1031)

Eco-environmental effects of urban landscape pattern changes: progresses, problems, and perspectives «+eseeeeeeeeremeeeieieiiiii...
............................................................................................. CHEN Liding, SUN Ranhao, LIU Hailian (1042)
An overview of advances in distributional pattern of urban biodiversity «-------- MAO Qizheng, MA Keming, WU Jianguo,et al (1051)
Ecological compensation boosted ecological protection and human well-being improvement «+«««+++---+ LI Huimei,ZHANG Anlu (1065)
Autecology & Fundamentals
Effects of indigenous AM fungi and neighboring plants on the growth and phosphorus nutrition of Leymus chinensis «+««+++=+-sseeeeeeeeenes
............................................................................................. LEI Yao, HAO Zhipeng, CHEN Baodong (1071)
Influences of AM fungi on plant growth and water-stable soil aggregates under drought stresses —«+eeeeeerererrneeriiiini...
................................................................................................... YE Jiashu, LI Tao, HU Yajun, et al (1080)
The effect of transgenic cucumber with double strands RNA of mapk on diversity of rhizosphere bacteria ««+«+«-rveeeeeeeenieiiiiiiiaainn.

............................................................................................. CHEN Guohua, MI Baobin, LI Ying, et al (1091)

The ambient ozone pollution and foliar injury of the sensitive woody plants in Beijing exurban region «««cecoeeeeereeeeiiiiniiniiinie.
................................................................................. WAN Wuxing, XIA Yajun, ZHANG Hongxing, et al (1098)
Diversity and plant growth-promoting potential of culturable endophytic bacteria isolated from the leaves of Atractylodes lancea «++++++++
....................................................................................... ZHOU Jiayu, JIA Yong, WANG Hongwei, et al (1106)
Effects of the low temperature treatment on egg maturation and its numerical dynamics in the parasitoid Pteromalus puparum
(Hymenoptera: Pteromalidag) «-««--sseeeeeemresomrsiiuiniiiiiiiii i XIA Shiyang, MENG Ling, LI Baoping (1118)
Circadian rhythm of calling behavior and sexual pheromone production and release of the female Zeuzera leuconotum Butler
(Lepidoptera; Cossidae) —eecesererereeeriiiii. LIU Jinlong, JING Xiaoyuan, YANG Meihong, et al (1126)
Influence of fluoride on activity of carboxylesterase and esterase in hemolymph of Bombyx mort —«-«+esseeeeeereeeseaiiiaiienii...
.......................................................................................... MI Zhi, RUAN Chenglong, LI Jiaorong, et al (1134)

Effects of water temperature on the embryonic development, survival and development period of larvae of ridgetail white prawn
( Exopalaemon carinicauda) reared in the laboratory «««+eoeeeeeeeeeeeneneiiniiin. LIANG Junping, LI Jian, LI Jitao,et al (1142)
Population, Community and Ecosystem
Diversity of ecosystem services and landscape multi-functionality : from scientific concepts to integrative assessment —««-«-eceeeeereeceees
................................................................................................ LU Yihe, MA Zhimin, FU Bojie, et al (1153)
Research on estimating wetland vegetation abundance based on spectral mixture analysis with different endmember model : a case
study in Wild Duck Lake wetland, Beijing «:eececeeeeeeeeeeeceeenes CUI Tianxiang, GONG Zhaoning, ZHAO Wenji,et al (1160)
Identifying typical plant ecological types based on spectral characteristic variables: a case study in Wild Duck Lake wetland,
Beifing «++oeoeerrrrenreeeeett e LIN Chuan, GONG Zhaoning, ZHAO Wenji, et al (1172)
Responses of phytoplankton community to the construction of small hydropower stations in Hainan Province —««+eceeeeeeeeeenceaeceennes
.......................................................................................... LIN Zhangwen,LIN Sheng,GU Jiguang,et al (1186)
Diurnal variation of water quality around Potamogeton crispus population ------ WANG Jingi,ZHENG Youfei, WANG Guoxiang (1195)
Effects of three forest restoration approaches on plant diversity in red soil region, southern China = «+-ereeeereeeeieriiaiiii...
................................................................................. WANG Yun, OUYANG Zhiyun, ZHENG Hua, et al (1204)
Dynamics of soil physical-chemical properties and organic carbon content along a restoration chronosequence in Pinus tabulaeformis
PLANTAHONS +++ v errrrrerereree st HU Huifeng, LIU Guohua (1212)
Probability models of forest fire risk based on ecology factors in different vegetation regions over China ««+sereeerereeeririeiiiiiniiie.

............................................................................................. LI Xiaowei, ZHAO Gang, YU Xiubo,et al (1219)



Landscape, Regional and Global Ecology

Landscape ecological security dynamics in a fast growing urban district: the case of Dongguan City — -«-eseereeerremermeniieeiiii...
................................................................................................ YANG Qingsheng, QIAO Jigang, Al Bin (1230)
The difference between exergy and biodiversity in ecosystem health assessment: a case study of Jiangsu coastal zone «+-«-+-vrereeeenenes
............................................................................................. TANG Dehao, ZOU Xinging, LIU Xingjian (1240)
Impacts of drying-wetting cycles on CO, and N,O emissions from soils in different ecosystems ««+eseeeeerereraririiaiiiiiiii...
............................................................................................................... OUYANG Yang, LI Xuyong (1251)
Evaluation of low-carbon competitiveness in Western China «+««ceeeeeereeeeeiiniii . JIN Xiaogin, DU Shouhu (1260)
Flood return period analysis of the Bayi Reservoir Watershed based on HEC-HMS Model ««++eceveeereeeemieiminiiiiiiii..
.......................................................................................... ZHENG Peng, LIN Yun, PAN Wenbin, et al (1268)

Simulation of rainfall interception process of primary korean pine forest in Xiaoxing’an Mountains by using the modified Gash
P PP PUPPN CHAI Rushan, CAI Tijiu, MAN Xiuling, et al (1276)
Characteristics of tree-ring chronology of Pinus koraiensis and its relationship with climate factors on the northern slope of
Changbai MoUNLAIn  «+++rsessssseeeeremmmenn ettt CHEN Lie, GAO Lushuang, ZHANG Yun, et al (1285)
Resource and Industrial Ecology
Nitrogen flows in“crop -edible mushroom” production systems in Hexi Corridor Oasis Trrigation Area ««e«eceeeesesceieineiie..
............................................................................................. LI Ruigin, YU Anfen, ZHAO Youbiao,et al (1292)
Effects of fertilization on soil fertility indices and yield of dry-land peanut ««««««sesssseerreriiiiirniii
.............................................................................. WANG Caibin, ZHENG Yaping, LIANG Xiaoyan, et al (1300)
Effect of tillage and residue management on dynamic of soil microbial biomass carbon «+eeeeeerererieaiiiiiiii
....................................................................................... PANG Xu,HE Wenging, YAN Changrong, et al (1308)
Evaluation of eco-security of cultivated land requisition-compensation balance based on improved set pair analysis «««secoeeeeeeeeeeeeees
.................................................................................... SHI Kaifang, DIAO Chengtai,SUN Xiufeng, et al (1317)
Opinions
Methodology for measuring forestry ecological security based on ecology-industry symbiosis: a research framework «------eeeeeeeeeeeennnns

........................................................................................................................... ZHANG Zhiguang (1326)



(ERFR)2013 £EITBE

CERZER) RH T EBAB AR DS R, T EA RS hEREBAE S5 0 F IR
FCEAEZEAR I, BT 1981 4, H2H A4 A 2E AU ATy B 0 R A BB I AR . RS ARSI, B R
G {5  REE RIS ) KA 2RI TAEE  IRR AR B, A 2 b e I 5 45 dEsc i 7 6, {2
PEAEZS AR GE IR AR | 3R [ 15 35 R s il A 25 2 R A NIRRT A 55 A B R 2R i B ANk B A 55

(HEAS A T2 TG A 25 2 R 450 S 2R 10 B A E Y A0S I 5 0 DR LR BB PR R E SR, Rk
AR S WA AR 282 R R 7 1) W PG 75 25 M SO s DR (8T 40 s A AR Be BT7 WT AR A48 8T 51T
R B RIS A R4

CHER2EA) 2 H A, K 16 FFA%,300 B0, [ N2 4 90 Jo/ M, 44F % f 2160 JT.,

IR & AR . 82-7, AR & AR5 M670

FrfE TS . ISSN 1000-0933 €N 11-2031/Q

S 25 MM SRy B T ST I, Pl B S A Bk R W S, Wl T KRN TR BMIF R | S5 e | 1 43
THAFITT

Eiflidl . 100085 JL AT IE X XUE I 18 %5 H & (010)62941099; 62843362

E-mail; shengtaixuebao@ rcees. ac. c¢n M HE: www. ecologica. cn

WEREMRE fLaty HITHE XIKE B ¥

4 5 % Wk ACTA ECOLOGICA SINICA
(SHENGTAI XUEBAO)

CEATI 1981 453 A B1F) ('Semimonthly, Started in 1981)

F33% W4 (201342 H) Vol. 33 No.4 (February, 2013)
9 35 <§5i§%*&>gﬁiﬁﬁﬁ Edited by Editorial board of
ﬂtﬁt:%i?ﬁ XA % 18 5 ACTA ECOLOGICA SINICA
Hﬂgﬁéﬁﬁ% :100085 Add 18, Shuangqing Street, Haidian , Beijing 100085 , China
Fi3% : (010) 62941099 Tel (010162941099

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

2B SR (IE/N S
F & PERE AR Editor-in-chief WANG Rusong
I EAEASREEE S Supervised by China Association for Science and Technology

cp [ RS e A A PR IF ST 0 Sponsored by Ecological Society of China

Huhil . b ST IE X AU % 18 5 Research Center for Eco-environmental Sciences, CAS

M B 4w i . 100085 Add:18,Shuangqing Street, Haidian , Beijing 100085 , China

; Published by Science Press
4 & g3 it i !

Hihk . b AR IR LT 16 5 Add ;16 Donghuangchenggen North Street,

MR w65 . 100717 Beijing 100717, China
En Rl AEECIEARE R Printed by Beijing Bei Lin Printing House,
x 1T 4 4 & K i Beijing 100083 , China N

Hitik . AR FEIAR AL 16 5 Distributed by Science Press M O

Eﬁﬁﬂéﬁﬁ% :100717 Add:16 Donghuangchenggen North g

Eﬁlﬁ 1( QIO ) 6;‘334563 Street, Beijing 100717 , China 1 m

-mail ; journal@ cspg. net Tel: (010)64034563 O /-

i 5 " - o M
2l . in‘li] é.%ﬂgﬁ%\ B L a4 N E-mail ; journal @ cspg. net o _g
B T hEEERE A S BN Domesti All Local Post Offices in Chi - ==°

Mok . AL BT 399 (5% Om‘estlc - ocal ost‘ ices In 1n-a > S

BB 2565 . 100044 Foreign China International Book Trading 3 S
}"'%@E . o o Corporation - N~

R ey — N

W owr GE LRI 8013 5 Add:P. 0. Box 399 Beijing 100044, China =
ISSN 1000-0933 4= s = - -
N 0o E RS EIT EN#ENLS 82-7 ESEITRS M670 ZEfr 90.00 5T

CN 11-2031/Q



	01.pdf
	fm.pdf
	zml.pdf

	stxb201112091888.pdf
	03.pdf
	yml.pdf
	04fd.pdf


