A& 2011, 35 (9): 946-954 doi: 10.3724/SP.J.1258.2011.00946
Chinese Journal of Plant Ecology http://www.plant-ecology.com

REFIT A HRAARIREN R TIEFRAD S
=414
BRE HERY FRH WA KEE

MER AN KRB, TN 510642; P RLS: B AERRAIGE, M 510650

o E BRI (R) S FLAH 53 X A H VAL AR AR 3 R AF AR L BB 122 LA ST L VAR 28 XU SR IR R
HsE 8 205 T IR A MR I B AN (Pinus massoniana) K WIS, K RS0V 45 A 8 AR E COL M B VLS IX 3 Fh bk 425
HIRGIAT /35 Ak . G5 5RFR I SR L3RRI S R 51 EIRRARRs ML A3 (A TR R A S SRR RS S I HE B 2 (0 21y
B, RN T LT RARNIAR )R . fEPPUE b, SRR SR bR 53 i AT B RSO B R AARK, (RS S B R
AR Z (B ZE AN B3, RABRZE A SR b B35 KT R AT RAL, R 2 R 2Z S AR, XTRSRUL, 35 2 8]y
TWHEZES . M RRMIE B AT, BRI HIRAT PR 2R SRR AR, RS 358 B RPI [) 4= 14 BTk 4 4331
$9(39.48 + 15.49)%- (33.29 + 17.19)%F1(44.52 £ 10.67)%, 3N 2 M ZERALE . FZEHNEERERW, TR & mR LI
o FE AR T, EEHR I B BEMIREOCR,; TIEEKEXN R WA T, BRI NHEMIHEIIS, H
FIEF) BEVEACT o SHE B BUBRTEFRIROL G E AT M2 B, 3ANBR2 Y5 g R o (AR FERBUBRE B K, Ry (IR P RBUBR M 5 /o

EHEIE BIER, R, RIRTPIR, BOHGERRA, O

Partitioning soil respiration in lower subtropical forests at different successional stages in
southern China

HAN Tian-Feng', ZHOU Guo-Yi*'", LI Yue-Lin% LIU Ju-Xiu?, and ZHANG De-Qiang’

!College of Forestry, South China Agricultural University, Guangzhou 510642, China; and “South China Botanical Garden, Chinese Academy of Sciences,
Guangzhou 510650, China

Abstract

Aims Quantifying forest soil respiration (Rs) components is vital to accurately evaluate carbon sequestration of
forest ecosystems. Our objectives were to determine (1) seasonal variations in Rg and its components of autotro-
phic (Ra) and heterotropic respiration (Ry) in subtropical forests, (2) the relative contributions of Rx and Ry to Rs
in the three subtropical forests and (3) relationships between Rg and temperature and water content.

Methods We used the trenching-plot and infrared gas exchange analyzer approaches to determine R, and Ry in
the soil surface CO, flux for monsoon evergreen broad-leaved forest (MEBF) and its early succession communi-
ties, coniferous and broad-leaved mixed forest (MF) and coniferous masson pine forest (MPF) in southern China.
Rate of Rg was measured twice a month in the hot, humid season (April-September) and once a month in the cool,
dry season (October-March). Soil temperature and soil water content were measured at the same time.

Important findings Rs, R and Ry varied markedly during the year with high rates in the hot, humid season and
low rates in the cool, dry season. Rg rate measured in the trenched plots (Ry) at these forests showed an increasing
trend with succession, but the change was not statistically significant. Rs and R, followed a similar seasonal trend
and were highest in MEBF and lowest in MF. Contribution of R to Rs was (39.48+15.49)%, (33.29+17.19)% and
(44.52+10.67)% in MPF, MF and MEBF, respectively. Repeated measurement ANOVA indicated that soil tem-
perature was the main factor that affected Rs and its components, and there was a significant exponential relation-
ship between them. While there was no significant relationship between soil water content and soil respiration
flux, there appears to be a mild inhibition phenomenon. Soil Q)¢ values increased with succession, whereas auto-
trophic respiration (R,) is more sensitive to temperature in all stands.
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TR MR b K Bl R A, - SRR (soil
respiration, Re)BFEREIRE] K I COL AR
B 1045 LA (Raich & Schlesinger, 1992), #x#k
SR RN BB B A RT REXT R COL M 2
B, SRS . BRI, EEAGRs
(R IR 25 AR Sy e A= A S P i B 7, o b A
& RGERAFIAIT 5 AT 2D 1) A A

IR Y R I A COl i, FEE A
YA+ W) 10 7 720 (heterotrophic respiration,
Ry) UL S G AR 2R 18 1 97 W I (autotrophic respiration,
R SACRAFIRG ARG S S R G A
TR Y4 (Gower et al., 2001), T ELAS R 2H 43 %
PRBE AR A (hn - 3535 ) 1R i Y A [H] (Boone et al.,
1998; Widén & Majdi, 2001), MM nJ fE T 4R
8 SRR A R . PR, R0 R AR
XPYATAES RGEANY ARy B
A BRAR ST AR50 H A2 A HH 2 1) (Hanson et al.,
2000; Bond-Lamberty et al., 2004).

AT BRI LS RGRAGH, JCI SRR
05 W PEASATI AR A7 LEAR K IR AN 5 12 (Hanson et al.,
2000; Hogberg et al., 2001; Kutsch et al., 2001;
Widén & Majdi, 2001; Rey et al., 2002; Lavigne et
al., 2003; Lee ef al., 2003). FRARZE B BLHE X +
BV FRR I R 5200, 5 1) AR AT ) 3
KM COL M = 1 52 B 25 Y (Irvine & Law,
2002) 0 AR X Rs RIS PRI 51 DX PR AN [F] T AN
[ilo EwelZF(198TWF R M. £EUL T ARAR, RsFEARAR
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%, (AAE AR T-F85E; Jiang 55 (2005) B 5T
R, VT DGR HA (Larix gmelinii) FRIFTHE 2T
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B AR AR B B AR 23 g5 R ) AN R AS [
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ANTRIE R B B AR PR ) PR 2, Ay B RATTAE S50 38 1
Pl 2R 2 1 AR AR AP X 328 AN [R) SRR B B R 3 R A A 1
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PRRH 2 XS g il e ) 3 R IS0 %, SR HIA2 35
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S IIME—TRARZ, R NEERFE, FE ke
W (Rhodomyrtus tomentosa) Fl = X 3% (Evodia lepta)
&5, ARAuj(Schima superba) 5 M M4+ 5 .
AT MAE A 150-250 m, SFIFp g o B A, i
e A = B KA HESE (Castanopsis chinensis)
Y (Castanopsis fissa)5. 2= X Sk iF AL
$#200-300 m, FERAIMRLG TSk, BTEHEHE A%,
PEFABE I EATHERL . ARar . e H(Cryptocarya
chinensis). ¥ HJE 55K (Cryptocarya concinna) F1E
T (Machilus chinensis)“ . 3PP ARSI AR 2345
(3
2 #RlFAEE
2.1 REEIRI
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Table 1 Stand characteristics of forests at different successional stages in Dinghushan Nature Reserve (mean)

FEdth BRI AR B R TR AS PR 2 A 2t A

Site Coniferous masson pine forest ~ Coniferous and broad- Monsoon evergreen broad-
(MPF) leaved mixed forest (MF)  leaved forest (MEBF)

VB BL Successional stage Y124 Initial il Transitional Tk Climax

4%t Biomass (thm *)* 122 260 380

MIRAH) & Fine root biomass (mg C-hm 2)° 1.9 2.8 4.9

VM Litterfall production (thm >-a™)* 331 8.50 828

TIEM A Y R 12 1.4 21

Soil microbial biomass (t ' dry soil)® ’ ' '

FE AR Tree density (No.-hm 2)* 767 1933 1729

PEIB G Mean tree height (m)* 5.81 5.46 7.02

P44 Mean diameter at breast height (cm)* 12.16 732 10.18

AR $E 4L Leaf area index® 3.6 4.8 6.2

H8A1J% Canopy coverage (%)" 50 >90 >95

fL#AFh Dominant species®
=X Evodia lept,

L RB¥) Pinus massoniana,

AAaf Schima superba, HEZE Castanopsis chinensis,
HEZE Castanopsis chinensis, Kfij Schima superba,

PG UR Rhodomyrtus tomentosa 55 JEF¥A Pinus massoniana  JE5¢FE Cryp tocarya chinensis

a, 5| AIKIEIR%(2006); b, 5] HTang et al. (2006); ¢, 5| H AN E25(2002); d, 3] HIEZES5(2004); e, 51 H XIMiH%(2010).
a, from Zhang et al. (2006); b, from Tang et al. (2006); c, from Zhou et al. (2002); d, from Fang et al. (2004); e, from Liu et al. (2010).

HETCR AN E . 510 em, FHJE LM (AL
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2.2 TIEMEIRAYIE

20094F8 H, fEREAS/IMX1]0.6 m x 0.6 m/MFTT
W2 B ANN20 cmy 510 ecmIPVCER. FPVC
RIS H ARSI R R 215 emiE, R D
i EPVCIHN H M B R AEH, PVCHTEHEA I &
WA B AR FEAAL . 2009428 H—20104E12 H, H
LI-8100 18 % = 1 33 7 W M 52 1 (LI-COR, Nebraska,
USA)HEHTRs Il . A=K Z=014-9 A4 H 52K,
K0 H—54F3 )RS 1R (R E RS
RIS, FHLI-8 10O F 85 X - 398 e R 0 s (S s 114 7 A
R A0 I 10 e A0 1) - 3980 5 /K B
23 HuEAE
23.1 TEFRZHEINITE

ARWFRR I FZB1E KRN 5 RAFIRy (Lee et al.,
2003). FZIBIIEARN R Ul LI TR B, nT BAS ERAG T
RS RGP AR . F 25000 A B 1) L 1
WLAE KA T S TR, FH ISR g 5424500 1
ST IR ZEAERAG TF R0 BATVELBE: FEFZIBA AL FES
MNHIE, RyAJLFH0 (Kelting ef al., 1998; Rey et al.,
2002), PRIk, BOARAE T AR - S5 R IR R A A
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2010).
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IFEIR 3 # Respiration rate (mol-m-2.s-1)
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Fig. 1 Seasonal changes of soil respiration (Rs) and hetero-
trophic respiration (Ry) (mean = SD, n = 9). MEBF, monsoon
evergreen broad-leaved forest; MF, coniferous and broad-
leaved mixed forest; MPF, coniferous masson pine forest.

TR AR — 5, 2y g ih &, o R IR W
Z(4-9H), B0 H-54E3 H )P = B 2 i
Ko FEAZIZV LB S AT 5 H (20094 1118-12 H),
Eab 2 SR OB E L (A e N BT S (EP R VP O3
MERIMIRs. RuFIRAMEII % 22 74(p > 0.05, n =
9), HIB20104EK(£2). 7E20104E, ReKI Ny: 7
JAHS S5 ] W AR 08 2 KT 5 R A T e bR R i R
(P < 0.05, n=9), TRu(EFTAMI LI W2
75 (p>0.05, n=9) (#%2).

3.2 AEHFMKTIENEFIEREETIKE

TE20104F, 3FPARARE AL (1) 1 18R, S T H HH (2
MZETBNAS, BRME HIRAET F(K12) o B2 RUE 2
1 7 NV o N R i Ly R O S S 7 ol 1 R A
FHF(HK2).

N T Pk E B A BEXHREG P AR T, LB
T20094F-8—12 H Wl 145 . 7E20104F, Wi ARk
IGEAT IR (5 R AR B AR — A R TR A PR — 28 AU
SERAIAR), 3FRARMRISTL I RANS Rs IR DT RR 233
(3948 + 15.49)%. (33.29 + 17.19)%F1(44.52 +
10.67)% (#3)o RsFHR A -18 533 4y 2= XS 2 ] -
PR KT VR ATHR, 5 AR BT AR 5 LA AR
YT 22 5, RydE3 MR T34 T8 838 72 e GR
3)e RAXS RS TTHR TG 2 1K 2= 1 AR 10 (E3).

33 TIEMREHEASSTIEREMIKENX
23

TEZHLX, 3MARMRE R R 5 1 38 B2 5 4
WERMCKRR, HHIES/KERAHE A
(K4, K4 ttn] W, 75z X - e B2 5

R2 AR JGUIR 5 120500 A BRFK) 350 A 19 SRR ) (BB 5 HE S 22)

Table 2 Soil respiration of untrenched plot and trenched plots and autotrophic respiration (R,) at different forest types (mean = SD)

PR +HEFH Soil respiration SEFEIEI Heterotropic respiration SEEREIN

Forest type Rs (umol CO,;'m 23 1) Ry (umol CO,;'m 23 1) Ra (umol COy'm 2 1)
2009

RN AR MPF 2.34+0.63° 1.55+0.67" 0.79 £0.51°

B FIRACH MF 2.45 +0.85 1.78 + 0.88" 0.66 = 0.39°

ZE AU SR A Ak MEBF 2.60 + 0.66° 1.88 + 0.86" 0.72 + 0.45°

2010

o AN MPF 416 £ 1.59° 2.51+0.95° 1.65 +0.98%

Bt A AR MF 3.89 £ 2.00° 2.57 + 1.06" 1.33+1.29°

Z Wi Gk Ak MEBF 490 +2.48° 2.69+1.15° 221 +1.61°

AN FRER IR AR ARSI (] A7 4E 25 25 7 (p < 0.05). MEBF. MFAIMPF ILF 1.
Different letters indicate significant differences among forest types (p < 0.05). MEBF, MF and MPF see Fig. 1.

doi: 10.3724/SP.J.1258.2011.00946
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Fig. 2 Seasonal changes of autotrophic respiration. MEBF, MF and MPF see Fig. 1.

3 R IFARRR K - T A B LA TR R

Table 3 Annual soil respiration (Rg) and the contribution of autotrophic respiration (R,) or heterotrophic respiration (Ry) to Rg at

different forest types
PR H IR FEFEIFIR TR H TR IR 1 TRk 2
Forest type Ry (gCm?*a™l) Ry (gCm?*a’l) Rs (g C:m?%a™) RC (%)
o, BFM Ak MPF 558.94%® 856.92° 1692.1® 39.48 + 15.49®
EF R RAS AR MF 448.21° 898.28" 1346.5 33.29+ 17.19°
ZE A SR A AR MEBF 753.34° 938.72° 1415.9° 4452 +10.67°

AR FRER TR AR KT (B A7 7 B 3% 25 5 (p < 0.05).. MEBF. MEAIMPE LI 1. RCHCEE [ F5R PR 3 S eI ) Bk %6
Different letters indicate significant differences among forest types (p < 0.05). MEBF, MF and MPF see Fig. 1. RC represents contribution of auto-

trophic respiration to soil total respiration.

c
S 100  mmmm MPF
E'g — MF
Hé@;\?so S MEBF
=2 5
& 8% 60
®3a
H5 3
ZSE 40
233
B85 o |
g2 20
ma
5 0
(6]

B3 IR 3 S R TR A CP I (R R O 22) o
MEBF. MFAIMPF LI 1,

Fig. 3 Contribution of autotrophic respiration to soil total
respiration (mean + SD). MEBF, MF and MPF see Fig. 1.
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3P ARAR IS Y 1) I8 P RS AR B b TN Rs 22
HAl 7y, 5 IR B RO R (84).3
Pl AR AR RS [1164%—91 % K145 4k, i - 383 5 5 ik
WG AR B (5 R T AR — - IR A AR — 2
RS Sl AR I EAT, Rs A FLAH 73 PO PR R AR
OCIGSR,  HRAMU SRR K, R O10fH 73 A
2.36.2.38H12.95; Ruff1 010l 7373 42.16. 2.18F12.25;
RAIIOME 51 493,16+ 3.56F14.02 (&14).

4 i

4.1 TIEMFEIRZA D HIXI 4

PRV MR 2 B RARI Ry AR B 07 1, %
TR BRAERRT B, AR I HL AT AR Ay A b A 5 A%
MR RYMR, (Hanson et al., 2000). 2R, 5%
VAT RE P AR A ) R — S SV A EERE T N &
FEAR KRR IER R, R A2 I50 5 iE AR 2R 4k BE T,
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Table 4 Relationships between soil respiration and its components with soil temperature

e LA SRR AR

Forest type Soil respiration Heterotrophic respiration Autotrophic respiration
O R p O R p On R P

L EAAEF AR Coniferous masson pine forest 2.36 0.87 <0.001  2.16 0.65  <0.001 3.16 049  <0.001

£FFFIHYRBAC AR Coniferous and broad-leaved mixed forest ~ 2.39 0.42  <0.001 2.18 0.40  <0.001 3.56 033  <0.001
Z= X S AR Monsoon evergreen broad-leaved forest 2.95 0.88 <0.001 2.25 0.72 <0.001 4.02 0.84 <0.001

-
o

o MPF MF ° MEBF
@
o
) 8
1S ® Rs °
©
o RH
AR
=g Ra
w3 4
c
2
8 2
o
)
x 0 L "V , . \ ) . . '
0 10 20 30 0 10 20 30 0 10 20 30

10 cm F -8B E Soil temperature at 10 cm depth (°C)

Bl4 RS LI S LA 5 5 1 HER S X R . MEBF. MFRIMPF LK L. Ry, FAFRIPUL; Ry, SIRVPUR; Rs, T3
PR o

Fig. 4 Correlation between soil respiration and its components and soil temperature at different forest types. MEBF, MF and MPF
see Fig. 1. R,, autotrophic respiration; Ry, heterotrophic respiration; Rs, soil respiration.

RS AR T JGUIR 55 123500 A BURE U5 1) L3R S K
Table 5 Soil temperature (S7) and soil water content (SWC) in the control and trenched plots at different forest types

AR TR ST (C) TS KE SWC (%)

Forest type J5UIk Control #2374 Trenched J5UIR Control §58544 Trenched
E AR Coniferous masson pine forest 22.03* 22.07 16.17° 20.21°

£ @ JEAZ MR Coniferous and broad-leaved mixed forest 20.94° 20.96° 21.08° 26.04"

Z5 A H &% AR Monsoon evergreen broad-leaved forest 20.83° 20.85° 25.61° 29.94°

AN FRER R ARSI (] 22 572 . 2 (p < 0.05), * LR R 423508 A B2 0] 72 57 12 3 (p < 0.05).
Different letters indicate significant differences among forest types (p < 0.05). * indicates significant difference between the control plots and
trenched plots (p < 0.05).

SR I ZERE A FHTE K (Ngao et al., 2007), DL L PR 2R A8 LI T 4R 40 (Lee et al., 2003). A5
PIRTEBRATT IR AT RIS UE: $ZBAFETT ) RAETEIZIZIN (2010451 1) SN Z G Al 5
T R T, RS KRB E S TR B, ISR T NI R O A A IET, Rs
(K5)e XFEZIREFNFE T NIRRT G TRZK FE LRy,

SRR, IS TR AR (Lee er al, 2003), 4.2 IMEREF X HIRIFIRAY R

HR S FUR TR C R R . 5B R TIRs R 1) il 5 S0P 2 A R TIN5 2R 4 Fl 4
BERTERRs (R2), XRMAIZIBW BERICT  ERCOEERRT A 28 Ak Y. 1) T 2L 4R A5 (Cox et al.,
FARMEGE )T BUARANBE LA IIZ B S AR 2000; Ryan & Law, 2005; Tang et al., 2006). {EFAT]
ARG T, AR BAVRIMAEAZ W23 HIGFE T BIE9T, Rel5 H I8 i 5 W 24 1R IEAH G OC R (K14,

doi: 10.3724/SP.J.1258.2011.00946
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Fig. 5 Seasonal changes of soil water content of different
forest successional series in Dinghushan (mean + SD). MEBF,
MF and MPF see Fig. 1.

K4), XHRZHW5, JOHZE HRIRRs 45 R
—3{((Davidson et al., 1998; Buchmann, 2000). Oo#{
I AN RS BEBBUB A, AEARBHFTH, Rss
Ri~ Ra MU ERBUEANE( Q1 0) 2 BERRAR IE 1) 3 2 RO AT
TGN, PR AT e 2= XU 2 ] I AR R AT R & )
%, MROT LRI, A BRI /NS T DI RE,
T AR S AR e T AR R /N, FH DG ] LA 5 Ak
T, BT ROk, B S RAE R A LS AL
CO, HE T8 Izt 2 565 ¥k 11 o) 2 B o e ke (e 7 it 55
2006). [FIH, 7E3FFARAR A RAIELE BUBTE(010) 1
B Ry HIRs i, X 5Boone®$(1998). Zhou%5(2007)F!
Lee®5(2010)X] 0o FRIFFT 45 R — 2

TS KESRBEH W EMMH KR, WHee
H120104FE 34Nk 23 19 38 5 K | Tl SR 22 R /M i
(I S) e F S TT AN, 7E 3T s R B = 1 7-9
HEN), 3R 1 B35 /K & M4 20104F 2 At
BAOME, X0 GE LIS A 57 355 7K 6 R
SEMAAN ok 2 A A IR T B 5 1) 2 22 S AT o
4.3 FHRWNER X TIEFIR K& HLA 5 RIS

AT RIN, 3T (1) L 3 S PR IR,
[ S AEAE S 22 5 (p < 0.05), FRI K28 R LR -
>y AN ER AR>S i VR AZ AR (R 2), 1X HTrvine
FlLaw (2002) % A [7] 35 & B Bt 28 [ 3 K2 (Pinus
ponderosa) KRs[PIWFFT 45 FARL; (HAE3ANPR 3 TH] 1)
RuAEAE T E 25 (p > 0.05), X 5 Borken®$:(2002)
TE B E 3N 7 ARAR L5 18— 2. [FIR, dy AR
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PRI 7 0] (5 AR B AR — 1 i R AT — 2=
DU S EAR), ReFIRASESE IR 5380, 11 Ry 52
BN, #2), X 5 Bond-Lamberty%s
(2004) 5% A Bk il N 54T AR AR R MR A IR AZ AL TE
FAH—30. AHR, AR RGN TR I
A3 (RuFIRA) BA T EEME . AWFFEHI T Rs S 3L
I3 (RuMIRA) 5 H FT R Tl A AR T 78 45 2R — 2
(Raich & Schlesinger, 1992; Bond-Lamberty et al.,
2004; Hibbard ez al., 2005). 75 | A [F] AR B B
R ML P AR SR R BRI . — MBFERIIN 3R
LRYI AT H P (Boone et al., 1998; Ryan & Law,
2005) 0 2% XU Z5¢ i PR B0 15 9% 400 EL 2 R AR B PR
B TR AS AR R 9 ) 25 2 Bk e (KA 52, 2006),
T AT A A 7 R ¢ R PR R A G A 73 B L A AR
IFRH AR LK, 2 MR, Ra S 4
IR & 22 (A A7 AEA 035 1 IEAH G 5K R (Wang et
al., 2006). % =, Rs5 3 EACHIAF 255 & AT DGR
Z(Hogberg et al., 2001; Kuzyakov & Cheng, 2001;
Campbell & Law, 2005). 545, AR 5200
ORISR W Rs S FLA1 53 o 1T HLBE A AR LT ) Y5
(RIREAT, B 45K R A R AEAR K IR AR AL, A
T2 A% I8 C A B 77 :0(Wang et al., 2001),
L 9 Y% W) fan N (1) 18 AT R (Landsberg & Gower,
1997) J¢ - 38 &5 ¥4 Rl sl < % (Raich & Tufekcioglu,
2000; O’Connell ef al., 2003). F4h, AWFFTHE
VR AT PR R A KT Rs 1) DT IR 3 (RC) f 25 1 T oAt 15 A4
HA RIS S ) AR (44.52%) > T AR B I Ak
(39.48%) >%T WA MR AT HK (33.29%), AT AEJ5 K2 BT
TEHVE i R A MR SRR 7 2 AR, AR R B
AR P JJ AR AR (R 1), AT AT e A 43 RCIH IR,
X — 25 LA E 52 T Yan 55 (2006) A1) H 2 5724 55
W) A = J)(net primary production, NPP)T3 3]
e fEixDa, RSy NPP Y SANPPI T 53
FE 2300 by 2 AU Sl AR (61.8%) > 5 R AR I Ak
(53.9%) >t [ IR AR (37.4%) . W ., LERRMRIIA
[FJVE B i B, AT BT AN ) B0 4 S PP IR RFAIE (Rs
Ry~ RAMIRC).

st <9737 X FiRAL(2009CB421101). B EAHL
X At R £ & W E F R (2009BADC6B007 F=
2009BADC6B002) #= ¥ 7 B AF 7R B (83510650050-
00001) % 8h, RARFE T EAASZAHT N
(CERN) % ¥ L AR A & A S R A2 3k 09 AR T T8



SR TP R F R AR RN RS B S 2 AL 953

KAy 3 FF, 1EEG4

Sk

Bond-Lamberty B, Wang CK, Gower ST (2004). A global rela-
tionship between the heterotrophic and autotrophic com-
ponents of soil respiration? Global Change Biology, 10,
1756-1766.

Boone RD, Nadelhoffer KJ, Canary JD, Kaye JP (1998). Roots
exert a strong influence on the temperature sensitivity of
soil respiration. Nature, 396, 570-572.

Borken W, Xu YJ, Davidson EA, Beese F (2002). Site and
temporal variation of soil respiration in European beech,
Norway spruce, and Scots pine forests. Global Change
Biology, 8, 1205-1216.

Buchmann N (2000). Biotic and abiotic factors controlling soil
respiration rates in Picea abies stands. Soil Biology &
Biochemistry, 32, 1625-1635.

Campbell JL, Law BE (2005). Forest soil respiration across
three climatically distinct chronosequences in Oregon.
Biogeochemistry, 73, 109-125.

Cox PM, Betts RA, Jones CD, Spall SA, Totterdell 1J (2000).
Acceleration of global warming due to carbon-cycle feed-
backs in a coupled climate model. Nature, 408, 184—187.

Davidson EA, Belk E, Boone RD (1998). Soil water content
and temperature as independent or confounded factors
controlling soil respiration in a temperate mixed hardwood
forest. Global Change Biology, 4, 217-227.

Deng Q, Zhou G, Liu J, Liu S, Duan H, Zhang D (2010). Re-
sponses of soil respiration to elevated carbon dioxide and
nitrogen addition in young subtropical forest ecosystems
in China. Biogeosciences, 7, 315-328.

Ewel KC, Cropper WP Jr, Gholz HL (1987). Soil CO, evolu-
tion in Florida slash pine plantations. I. Changes through
time. Canadian Journal of Forest Research, 17, 325-329.

Fang YT (J7i2%E), Mo JM (3L7L1H), Brown S, Zhou GY (J
[E1#), Zhang QM (FkfEUH), Li DI (%) (2004).
Storage and distribution of soil organic carbon in
Dinghushan Biosphere Reserve. Acta Ecologica Sinica (*E
A2FR), 24, 135-142. (in Chinese with English abstract)

Gower ST, Krankina O, Olson RJ, Apps M, Linder S, Wang C
(2001). Net primary production and carbon allocation pat-
terns of boreal forest ecosystems. Ecological Applications,
11, 1395-1411.

Hanson PJ, Edwards NT, Garten CT, Andrews JA (2000).
Separating root and soil microbial contributions to soil
respiration: a review of methods and observations. Bio-
geochemistry, 48, 115-146.

Hibbard KA, Law BE, Reichstein M, Sulzman J (2005). An
analysis of soil respiration across northern hemisphere
temperate ecosystems. Biogeochemistry, 73, 29—-70.

Hogberg P, Nordgren A, Buchmann N, Taylor AFS, Ekblad A,
Hogberg MN, Nyberg G, Ottosson-Léfvenius M, Read DJ

(2001). Large-scale forest girdling shows that current
photosynthesis drives soil respiration. Nature, 411,
789-792.

Irvine J, Law BE (2002). Contrasting soil respiration in young
and old-growth ponderosa pine forests. Global Change
Biology, 8, 1183-1194.

Jiang LF, Shi FC, Li B, Luo YQ, Chen JQ, Chen JK (2005).
Separating rhizosphere respiration from total soil respira-
tion in two larch plantations in northeastern China. Tree
Physiology, 25, 1187-1195.

Kelting DL, Burger JA, Edwards GS (1998). Estimating root
respiration, microbial respiration in the rhizosphere, and
root-free soil respiration in forest soils. Soil Biology &
Biochemistry, 30, 961-968.

Klopatek JM (2002). Belowground carbon pools and processes
in different age stands of Douglas-fir. Tree Physiology, 22,
197-204.

Kutsch WL, Staack A, Wotzel J, Middelhoff U, Kappen L
(2001). Field measurements of root respiration and total
soil respiration in an alder forest. New Phytologist, 150,
157-168.

Kuzyakov Y, Cheng W (2001). Photosynthesis controls of
rhizosphere respiration and organic matter decomposition.
Soil Biology & Biochemistry, 33, 1915-1925.

Landsberg JJ, Gower ST (1997). Applications of Physiological
Ecology to Forest Management. Academic Press, San
Diego, USA.

Lavigne MB, Boutin R, Foster RJ, Goodine G, Bernier PY,
Robitaille G (2003). Soil respiration responses to tem-
perature are controlled more by roots than by decomposi-
tion in balsam fir ecosystems. Canadian Journal of Forest
Research, 33, 1744-1753.

Lee MS, Nakane K, Nakatsubo T, Koizumi H (2003). Seasonal
changes in the contribution of root respiration to total soil
respiration in a cool-temperate deciduous forest. Plant and
Soil, 255,311-318.

Lee NY, Koo JW, Noh NJ, Kim J, Son Y (2010). Autotrophic
and heterotrophic respiration in needle fir and Quercus-
dominated stands in a cool-temperate forest, central Ko-
rea. Journal of Plant Research, 123, 485-495.

Liu XZ (X24i#), Zhou GY (FEif), Zhang DQ (KT,
Liu SZ (), Chu GW (#[E ), Yan JH (&%)
(2010). N and P stoichiometry of plant and soil in lower
subtropical forest successional series in southern China.
Chinese Journal of Plant Ecology (Fi¥HEZAR244R), 34,
64-71. (in Chinese with English abstract )

Ngao J, Longdoz B, Granier A, Epron D (2007). Estimation of
autotrophic and heterotrophic components of soil respira-
tion by trenching is sensitive to corrections for root de-
composition and changes in soil water content. Plant and
Soil, 301, 99-110.

O’Connell KEB, Gower ST, Norman JM (2003). Net ecosys-
tem production of two contrasting boreal black spruce

doi: 10.3724/SP.J.1258.2011.00946



954 FAM A Z5244 Chinese Journal of Plant Ecology 2011, 35 (9): 946-954

forest communities. Ecosystems, 6, 248-260.

Peng SL (#2/>l), Wang BS (LAA#}) (1993). Forest succes-
sion at Dinghushan, Guangdong, China. Journal of
Tropical and Subtropical Botany (i WA Y 2F4R),
2, 34-42. (in Chinese with English abstract)

Raich JW, Schlesinger WH (1992). The global carbon dioxide
flux in soil respiration and its relationship to vegetation
and climate. Tellus B, 44, 81-99.

Raich J, Tufekcioglu A (2000). Vegetation and soil respiration
correlations and controls. Biogeochemistry, 48, 71-90.

Rey A, Pegoraro E, Tedeschi V, de Parri I, Jarvis PG, Valentini
R (2002). Annual variation in soil respiration and its
components in a coppice oak forest in Central Italy.
Global Change Biology, 8, 851-866.

Ryan MG, Law BE (2005). Interpreting, measuring, and mod-
eling soil respiration. Biogeochemistry, 73, 3-27.

Saiz G, Byrne KA, Butterbach-Bahl K, Kiese R, Blujdea V,
Farrell EP (2006). Stand age-related effects on soil respi-
ration in a first rotation Sitka spruce chronosequence in
central Ireland. Global Change Biology, 12, 1007—1020.

Tang XL, Zhou GY, Liu SG, Zhang DQ, Liu SZ, Li J, Zhou
CY (2006). Dependence of soil respiration on soil tem-
perature and soil moisture in successional forests in
southern China. Journal of Integrative Plant Biology, 48,
654-663.

Wang CK, Gower ST, Wang YH, Zhao HX, Yan P, Bond-
Lamberty BP (2001). The influence of fire on carbon dis-
tribution and net primary production of boreal Larix
gmelinii forests in north-eastern China. Global Change
Biology, 7, 719730

www.plant-ecology.com

Wang CK, Yang JY, Zhang QZ (2006). Soil respiration in six
temperate forests in China. Global Change Biology, 12,
2013-2114.

Widén B, Majdi H (2001). Soil CO, efflux and root respiration
at three sites in a mixed pine and spruce forest: seasonal
and diurnal variation. Canadian Journal of Forest Re-
search, 31, 786-796.

Yan JH, Wang YP, Zhou GY, Zhang DQ (2006). Estimates of
soil respiration and net primary production of three forests
at different succession stages in South China. Global
Change Biology, 12, 810-821.

Zhang DQ (3KkfE5%), Sun XM (FMEER), Zhou GY (J&[HiR),
Yan JH (E#2%), Wang SY (FKE), Liu SZ (X {H i),
Zhou CY (JAf75), Liu JX (X|%§75), Tang XL (FHEF),
Li J (Z=/), Zhang QM (5Kf&UH) (2006). Seasonal dy-
namics of soil CO, effluxes with responses to environ-
mental factors in lower subtropical forests of China. Sci-
ence in China Series D: Earth Sciences (' EEl2EDH#:
HERFF), 49, 139-149. (in Chinese)

Zhou LX (AWNE), Yi WM (U E), Yi ZG (5 :&RI), Ding
MM (T ###%) (2002). Soil microbial characteristics of
several vegetations at different elevation in Dinghushan
Biosphere Reserve. Trop and Subtrop Forest Ecosystem
Research (#viy WHGHE R ESRZRLAIR), 9, 169-174.
(in Chinese with English abstract)

Zhou XH, Wan SQ, Luo YQ (2007). Source components and
interannual variability of soil CO, efflux under experi-
mental warming and clipping in a grassland ecosystem.
Global Change Biology, 13, 761-775.

SUESZ: AR SR SRR




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


